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Following years of debate, and thanks largely to
molecular systematic studies, the long-held idea that the
phylum Platyhelminthes is the most basal branch of the
bilaterian Metazoa has been widely abandoned (e.g.,
Haszprunar 1996; Carranza, Bagufia, and Riutort 1997,
Hausdorf 2000). This new status quo has been upset by
a recent paper that has suggested that the Platyhelmin-
thes are polyphyletic and that asingle ““flatworm™ clade,
the Acoela, is the most basal extant bilaterian lineage
distinct from the other platyhelminths (Ruiz-Trillo et al.
1999). The potential importance of the acoels being con-
firmed as the outgroup to all other bilaterians is that they
would then be instrumental in determining the character
states of the ancestral Bilateria through outgroup com-
parison and thus greatly further our understanding of the
evolution of the animals. The currently recognized out-
group—the diploblasts—are generally too evolutionarily
and phenotypically distant for this sort of comparison to
be informative.

Although recent data support the molecular results
(Henry, Martindale, and Boyer 2000), some systematists
distrust the findings based on 18S rDNA and have
claimed that long-branch attraction (LBA; Felsenstein
1978) affected the final analysis of these data (e.g.,
Adoutte et al. 2000). Furthermore, according to the same
18S rDNA study (Ruiz-Trillo et a. 1999), the supposed
sister group of the acoels, the nemertodermatids (Smith
and Tyler 1985; Smith, Tyler, and Rieger 1986; Tyler
2001), do not unite with the acoels at the base of the
Bilateria, but instead fall within the turbellarian flat-
worms. This has suggested that the more controversial
position of their sister group, the acoels, was erroneous.

Recently, it has been proposed that the published
putative nemertodermatid sequence used by Ruiz-Trillo
et al. (1999) (Nemertinoides elongatus, accession num-
ber U70083; Carranza, Baguia, and Riutort 1997) that
grouped among the Rhabditophora may have been mis-
identified (Jondelius et a. 2000).

Berney, Pawloski, and Zaninetti (2000) directly
contradict the basal position of the Acoela based on
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analyses of elongation factor 1-alpha (EF1a). This gene
was chosen with the aim of avoiding LBA. Comparing
EFla sequences derived from a single acoel species,
Convoluta roscoffensis, with those of other animals and
fungi, they forward two lines of evidence suggesting
that acoels are not basal metazoans, but rather that they
are flatworms, as historically regarded. Their evidence
comes not only from a standard phylogenetic compari-
son of the amino acid and nucleotide sequences of EFla
that places the acoels within the turbellarian flatworms
(alied either to the triclads or to the polyclads, depend-
ing on the anaysis), but also from the presence of a
putative insertion of four amino acids in common be-
tween the acoels and the triclads that are not found in
other EFla protein sequences compared. |mportantly,
they must, according to the common possession of the
four-amino-acid signature, be derived flatworms allied
among the rhabditophorans to the Tricladida.

It isin part the derived position of the acoels with-
in, rather than basal to, the Rhabditophora (the more
commonly espoused position according to morphologi-
cal analyses, e.g., Ehlers 1984; Littlewood, Rohde, and
Clough 1999) based on EFla that has prompted us to
examine these claims more closely. In addition to con-
tradicting the results based on 18S rDNA (Ruiz-Trillo
et a. 1999), the conclusions of Berney, Pawloski, and
Zaninetti (2000) are in conflict with a study (Telford et
al. 2000) that has lent support to the idea of a mono-
phyletic Rhabditophora (Ehlers 1984). This analysis of
the mitochondrial genetic codes of the flatworms shows
that all rhabditophoran flatworms have two differences
in their genetic code compared with most other inver-
tebrates: the codons AAA, coding for asparagine as op-
posed to lysine, and AUA, coding for isoleucine as op-
posed to methionine (Telford et al. 2000). Acoela, Nem-
ertodermatida, and Catenulida all shared the plesio-
morphic condition and were hence excluded from the
monophyletic Rhabditophora. Two such convincing syn-
apomorphies are in direct conflict with the interpretation
of the EFla data of Berney, Pawloski, and Zaninetti
(2000); clearly, the acoels cannot be both excluded from
the Rhabditophora and a sister group of the rhabdito-
phoran triclads or polyclads. Consideration of the mor-
phology casts further doubt on this derived rhabdito-
phoran position of the acoels, as they lack all rhabdi-
tophoran or triclad morphological synapomorphies (Ty-
ler 2001). Consequently, we looked carefully at the
analyses of Berney, Pawloski, and Zaninetti (2000) to
assess their robustness. We provided new EFla sequenc-
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es from three additional species of acoels and seven
platyhelminths and combined these with 21 previously
published flatworm Efla sequences to reassess the phy-
logenetic content of the gene and the homology of the
amino acid insertion described. We refute the conclu-
sions of Berney, Pawloski, and Zaninetti (2000).

New sequences were determined from ethanol-pre-
served flatworms and added to sequences available from
GenBank. Berney, Pawloski, and Zaninetti (2000) kindly
provided their origina aignment files. Genomic DNA was
extracted asin Littlewood, Rohde, and Clough (1999). Par-
tiad sequences were PCR-amplified using Ready-To-Go
(Amersham Pharmacia Biotech) beads and primers EFla
5 (5-WCTACMGGWCATCTMATT) and EFla-3’ (5'-
AAAGCGACCRAGWGGTGG), which span postions
89-1306 of the EFla sequence of Schistosoma mansoni
(accession number Y08487). Cycling conditions were as
follows: 3 min a 96°C; 40 cycles of 96°C for 1 min, 54°C
for 1 min, and 72°C for 2 min; and 7 min at 72°C. Purified
products (Wizard Preps, Promega) were sequenced (fol-
lowing Telford et al. 2000) with the original PCR primers,
in addition to internal forward and reverse primers EF-
400F (5'-GGTGARTTYGAAGCWGGTAT), EF-710F
(5'-AARATYGGYGGYATTGG), and EF-710R (5'-CCA-
TACCRCCRCCRATYTT). Ten new platyhelminth taxa
were characterized (see fig. 1 for details). The alignment
of Berney, Pawloski, and Zaninetti (2000), including 45
taxa, was used, but with the addition of 38 sequences from
all available new and previoudy published platyhelminth
taxa, an echinoderm, a nematode, two molluscs, and two
myzostomids. The inclusion of the new platyhelminth se-
quences demonstrated additional regions of ambiguity,
which were removed prior to phylogenetic anaysis. The
main excluson sets affecting al taxa appear in regions
158-161 and 214-224 relative to the S mansoni EFla
sequence (accession number Y08487). These regions,
gpanning 4 and 21 amino acids, are illustrated in figure 1
(regions A and B, respectively). Regions spanning the in-
trons found in one or more taxa (commonly among the
acoel taxa) were removed prior to anaysis. New sequences
were marginaly shorter at the 3" end of the alignment used
by Berney, Pawloski, and Zaninetti (2000), and 20 amino
acids were omitted from the subsequent analyses, although
our alignment provided 10 additional phylogenetically in-
formative positions. The full aignment comprised 250 un-
ambiguously alignable amino acid positions, of which 140
were parsmony-informative; the full alignment may be
obtained by anonymous FTP from FTREBI.AC.UK under
directory pub/databases/embl/align, accession number
ds45328).

The partial sequence of Suomina (AF288065) was
excluded from the analyses, athough it provides infor-
mation on the putative synapomorphy (fig. 1). Phylog-
enies were estimated with maximum parsimony (MP)
and neighbor joining (NJ) using a PAM-weighted amino
acid step-matrix (Telford 2001); gaps were treated as
missing. Analyses were conducted both including and
excluding the echinoderm, mollusc, nematode, and my-

zostomid taxa. Topologies were rooted at the node sep-
arating the Fungi from the Metazoa.

Our alignment of 5 fungi and 78 ingroup species
included 38 platyhelminths, of which 4 were acoels. Fig-
ure 1 shows a portion of our alignment covering the
‘*12-amino-acid insertion shared by fungi and metazo-
ans’ illustrated by Berney, Pawloski, and Zaninetti
(2000, p. 1035). Clearly, the insertion shared by the
acoel, Convoluta roscofennis, and the triclads is not
shared by other acoels. Neither Aphanastoma nor the
undescribed acoel species have any insertion and, a-
though Childia has an insertion of 10 amino acids, it is
difficult to propose an unambiguous alignment with the
KKEE motif in Convoluta (see fig. 1). Within the Platy-
helminthes, there is little evidence of homology among
the amino acid sequences in this region; even within the
Cestoda, this region is highly variable. The mollusc Ac-
maea testudinalis (U90061) also shows an insertion of
five amino acids (KGNAS), although, again, amino acid
positional homology cannot be reliably established. The
KK(ED)E motif uniting acoels with triclads or with oth-
er members of the Rhabditophora appears unfounded.
The KKEE motif shared between Convoluta and the tri-
clads either is due to convergence or is an artefact of
imposed positional homology in the alignment of Ber-
ney, Pawloski, and Zaninetti (2000).

While we recognize the contribution EFla has
made to some phylogenetic studies (e.g., arthropods,
Shultz and Regier 2000), we are skeptical asto its utility
at a wider metazoan level. We can find no mention in
the literature as to its use at this level other than cau-
tionary examples on deeper eukaryote phylogenies
(Moreira, Le Guyader, and Philippe 1999; Roger et al.
1999).

At a higher taxonomic level, both MP and NJ yield-
ed biologically unfounded trees, but to illustrate the gen-
eral problems, we present only the MP results on amino
acids of the full set of taxa. MP analysis, employing 20
replicate heuristic searches with the tree bisection-re-
connection (TBR) branch-swapping algorithm, yielded
two equally parsimonious trees; the strict consensus is
illustrated in figure 2. Arthropods, vertebrates, molluscs,
myzostomids, and annelids + pogonophorans are each
represented as monophyletic groups. Bootstrap support
is very weak throughout the tree, except for those nodes
uniting relatively closely related taxa. Diploblasts, tri-
ploblasts, deuterostomes, and, indeed, Bilateria are each
polyphyletic. Even within the polyphyletic ““platyhel-
minths,” acoels, triclads, cestodes, and polyclads are not
monophyletic, and the interrel ationships among the flat-
worms bear little resemblance to previously published
morphological or molecular estimates (e.g., Littlewood,
Rohde, and Clough 1999). NJ trees are comparable in
their inability to resolve meaningful relationships within
or between metazoan phyla.

Berney, Pawloski, and Zaninetti (2000) omitted
nematodes, molluscs, and echinoderms *‘because of
their artifactual branching at the base of the Metazoa’
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Phylum Species A

Region A Region B
—

Fungus Puccunia graminis X73529 KMDTTK - - WSEQ WFKGWTKETKAG - - - - - - -« - - - ¥VSKGKTLLDA
Filabasidielia neoformans U81804 KMDT CK WS ED WYKGWTKETKSG - - vV SKGKTLLEA
Schizosaccharomyces pombe D82572 KMDTTG w s Qa WY QGWQKETEKAG - - - VVKGKTLLEA
Candida albicans M29935 K MDS VK W D KN WYKGWEKETZKSG - - - - KV TGKTULLEA
Arxula adeninivorans 247379 KMDSVN- - WSETD WY KGWHKETKEG - - KATGKTLLEA

Porifera Ephydatia fluviatifis 049925 K I DNTEPOPY S EA WYKGFOQI ERKEG G - NASGYTLFDA

Cnidaria Eugymnanthea japonica D49925 K I DNTE®PPY S EA WY KGWE ) ERKAG - - - KASGKTLLEA
Hydra vulgaris Z68181 K I DNTEPPY S EA WYKGWEVEYKDT - - GKHTGKTLLEA
Anemania erythrasa D49922 KMDNTESTLREA WWNGFELFNKSAQ - GSKTGTTLFDG

Arthropoda Limuius polyphemus Ug0051 KMDTTETPPYSEK WFKGFKI ERKGAOQ - - - TTEGKTLLQA
Carcinoscorpius rotundicauda AF063407 KMDTTETPPY S EK WFKGFK I ERKGOQ - VSEGKTLLAQA
Dinothrombium pandorae ug0048 KMDTTEPPY S QA WFKGWQ I ERKQT - - KMEGKTLLAQA
Mastigoproctus giganteus ugops2 KMDTTEPPFSES WYKGWT | ERKSG - - K SEGKTLLQA
Aphonopeima chaicodes ug0045 KMDTTEPPFSES WYKGWNI ERKS S - - KSDGKTLLOQA
Scutigera coleoptrata Ug0057 KMDSTEPPYSQS WHKGWE ' ERKEG - KASGKTLLEA
Polyxenus fasciculatus U9pQss5 KMDTTEPPYSETP WHKGWA ] ERKEG - NS SGKTLLEA
Limnadia lenticularis AF063412 KMDSTEPPYSEA WYKGWA ! ERKEG - KADGKTL I DA
Artemia salina X03349 KMDSTEPPFSEA WYKGWNI ERKEG - KADGKTLLDA
Speleonsctes tulumensis AF063416 KMDTTEPPYSEA WYKGWTV ERKEG - KAEGKTLLES
Periplaneta americana U90054 KMDSTE®PPYSET WFKGWS i ERKEG - .- KADGKCL I EA
Apis maeliitera AF01526 KMDMTDPPY S EA WYKGWKVY ERKTDG - - NADGEKTLI EA
Tomocerus sg U90059 KMDSTEPPYSET WFKGWKVERKDG - - NADGKLLI EA

y i if AFB50590 K MDSTDPPFSES WY KGFAI ERKEG - NANGKTLFES®G
Myzostoma AF650589 KMDTTEPPF S§EA WYKGYETILI ERKEG G - - - - - -NASGKTLLSA

Acoela Acoel sp. 2 AF288071* K M D ST EP P Y S E 8 WFKGWTIKETKDK - . e - - K ESGYTLIDA
Childia groenandica AF288073* K M D S ) E - - YK ED WWKGFKVYQKEKI KDGVM Tm FETKEGKTLLDA
Aphanastoma virescens AF288072° K M D 8 S E P P Y 8 Q 8 WFKEWKVYERKEG - - - - - - - NASGVTLFQA
Convoluta roscoffensis AJ250810 KMDSTEPPFSET WFKGWTCKRBKNE - - VTTTGKTLRGA
Convoluta roscollensis AJ250811 KMDSTE®PG®F S ET WF KGWTCKRKNE - - VT TTGKTLREA

Platyhetminthes ~ Suomina sp. AF288065* { K M D N T E P P W S E T WF KGWE I KRL KE G FD I LKGVTLMDAIC
Microstomum lineare AF288068* §{K | D S T E P P F § E T WFKGWE ! ERAVA - - -GS T METKTGKTLCDA
Leptopiana tremellaris CABB9813 KMDSTAQPAYSET WFSGWKCERKDG - - - - - NDTGFT L L Q A} Polycladida
Prostheceraeus vittatus CAB89827 KMDSTOQPAY S E S WYKGWAVERKTESG - - N GS GKTLFEA
Crencbia alpina CAB89798 KMDSTAPPYSMT WFKGWN I KRKNM - [ TLSGVTL L Q A| Tricladida
Girardia tigrina CABB89808 K+ DSTEPPYSEN WFKGWT I KRKNG- - AT SLTGVTLLEA
Schmidtea polychroa AJ250814 K1 DS SEPPYSEN WFKGWNI KRKNG - AT - EKTGTTLLEA
Dugesia japonica 048924 KMDSTEZP®PFSEP WY KGWE I T RKNA - - - I KT T GRT L L DA
Mesostoma lingua AF288069* J K | D S T N P P Y S E D WFKGWE ' ERKKA - - - G VSV K GV TLLDAIT
Neomicrocotyle pacifica AF288070* K M D N T E P P Y S E A WY KGWTTERPKE - - G S VKDSGMTLVDA
Schistosoma mansoni Y8487 KMDCTEPPFSED WFKGWETITITRTKD.- - - G VTDTGFTL L E Af Digenea
Schistosoma japonica AF288087* | K M O C T E P P F'S ED WFKGWE i TRTKD- - -G VTOTGFTLLEA
Rugogaster sp. AF288064* |K M D N T E P P Y S E P WFKGWT I T RKZKA - G S VST GGKTL L DAIA ea
Hunterelia nodulosa AF124794 K I DSTEPPYSAQA WYKSWTCKRGDL ~ - « - - - 8T SGKTL L E A| Cestoda
Haplobothrium globufiforme AF124798 KMDSTEPPYSAS WYKGWTTCDRGNG - - - VTTGKTLLEA
Schistocephalus solidus AF124797 KMDSTEPPYSES WY KGWTC I RNGV - - - - - TTNGKT. L'L EA
Diphvilobothrium stemmacephalum AF124796 KMDSTEZPPYSEK WYKGWTCTRGST - - - .- - - NTSGKTLLEHA
Macrobothridium  sp. AF124801 KMDCESVNYSETD WYKETCSTKAKP - - - - DAKLKGQTSFEA
Caliiobothrium  sp. AF124812 KMDS i K- - YDEA WYKGWKTTVK - - - - - - DANFSGHTLLDA
Grillotia erinacea AF28B086* K M D D 1 K Y NET WYKGWSRGG - .o - - - KSKGMTLLEA
Tentacularia sp. AF124799 K MDD I K Y N E A WY KGWS ) K KG - - - TLNGKTLLEA
Rhinebothrium maccatiumi AF124813 K MDAV K - Y 8 E A WYRGWATEKADT - - KKHGVTLI S§A
Hspatoxylon sp AF124800 KMDDSAV KYNEN WYKGWTAG - - - - GKTGFTLI EA
Eniochobothrium gracile AF124809 KMDAVN - ¥YDEK WYKGWTAG - - - GKTGKTLLEA
Ceaphalobothrium aetobatidis AF 124808 KMDVQ - Y D E K WY KGWTA S - GKTGKTLLEA
Litobothrium janovyi AF124807 KMDSVN Y. D E K WY KGWTAN - - - TGKTLLEA
Litebothrium amplifica AF 1248086 KMDSVN Y D E K WYKGWTAN - - - - - - TGKTLLEA
Pilatybothrium auricuiatum AFi24811 KMDS VK Y DEA WY KGWTAG - - - GKSGKTLLEA
Anthobothiium faciniatum AF124810 K MD SV E Y N E K W Y K WTAG - - GKSGKTLLDA
Proteocephalus perplexus AF 124805 KMDSVD Y S E A WYKGWTAG - GKNGKTLLEA
Amurolaenia decidua AF124804 KMDAVAQ Y E K A WYKGP - - - s v+« - T LI QA
Teirabothrius forsteri AF 124803 K MDAVK Y D QK WY KGP - TLLQS
Hymenolepis diminuta AF124802 KMDAV Q.- - ¥ DEK WYKGP - - - - - . - - - - - TLLQC

Annelida Ampharetidae G. sp. AB003712 K1 DSTEPPYSET WFKGWEVKAGKD I' TGKTLLNA
Paralvinella hessteri ABOQ3711 KMDSTEPPYSES WFKNWEV KEKAKD - VTGTTLLEA
Eunice yamamotoi ABQ03704 KMDNTEPPYSQT WFKNWNVKEKGKE VTGKTLLEA
Sternaspis scutata AB003722 KMDNTEPPYSETD WFKTWSKKSKS - - - VTGQTLFDA
Laetmonice sp. ABO03708 KMDSTEPPYSET WFKGWKTCKKGG - SNGNTLLEA
Ophefina sp. AB003708 KMDSTEP®PY S EN WFKGWTTKKSSK - - - 8GKTLLDA
Maltdane cristata ABOO3707 KMDNTEZPPYSGP WYNGWOQV KKVD .. - - YK GVTLMDA
Brachiura sp. ABQ03715 KMDSTETPFPYS EA WFKGWKVTKSD - - - YT GVT I LES
Altalobophora sp. ABOG3714 KMDSTEI PY S EA WFKGWTVKKAD - - - - - - ¥YSGVTIMEA
Hirudo medicinatis Ugoo63 K MDSTEPPYSQD WFKGWSVKRGDK - - - - - TTSGTTMI EA

Mellusca Acmaea lestudinatis ug0a61 KMDNZ?EPPYGSET WY KGWKVEQKDD - - A S TVTGDT LTQQA
Chastopleura apicuiata u90062 KMDSTT®PPFSQFP WFKGWNILIER- - -« - - - G NASGKTLFEA

Pogonophora Escarpia sp. AB003718 KMDNTEWPPYSEA WFKGWKVKRGG - ~ - - - FSGNTLMEA
Lameliibrachia sp. AB0C3721 KMDNTE®PPYSET WFKGWKV KKGS - - - . DV SGNTLMDA

Nematoda Onchocerca volvulus M64333 KMDSTUDZ®PPFSEA WF KGWSV ER R G - TMTGKTLLEA

mata i AB029058 KMDSTVPKYEEK R R - - - R S ]

Chordata Danio rerio L47669 KMDSTEW®PPY S QA WFKGWK { ER - G NASGTTLLDA
Xenopus laevis M252697 KMDSTE®P®PFSQK WFKGWK ! ER - - G NASGVTLLEA
Gatius galius L00677 KMDSTEPPYSQK WFKGWKV TR - - - ;G NASGVTLLEHA
Mus muscuius M22432 KMDSTEPPY S QK WFKGWKVTR - - - ‘G HASGTTLLEA
Homo sapiens J0o4617 KMDSTEP®PY S QK WFKGWKV TR - . -G NASGVTLLEA

| | | |
||54 165 210 214 225 230

Fic. 1.—Two regions (A and B) of the EFla alignment demonstrating ambiguously alignable positions including the region of the EFla

alignment where the amino acid motif KK(E/D)E (shown in reverse

print) was proposed as a synapomorphy uniting the acoel Convoluta

roscoffensis with triclads by Berney, Pawloski, and Zaninetti (2000). Boxed regions enclose the Platyhelminthes as defined by Ruiz-Trillo et al.
(1999). Shaded amino acids show conserved positions included in the analyses, whereas unambiguous alignments of the nonshaded regions are
not possible based on positional criteria. Column numbers represent the positions of the amino acid residues in the EF1a sequence of Schistosoma

mansoni (accession number Y 08487). Asterisks indicate new sequences.

(p. 1035). We consider this an ad hoc and unjustified
postanalysis selection of taxa. If the gene is unable to
position key metazoan phyla, how can it be reliable for
placing enigmatic taxa? Even when these taxa were re-
moved from our alignment, MP and NJ yielded the same
genera problems outlined above. Molecular systematists
are frequently criticized for not explaining the morpho-
logical and evolutionary consequences implied by the
phylogenies they generate. On the basis of our findings,

we would propose that it is premature to suggest any
meaningful scenario for the phylogeny of the Metazoa
based on EFla sequences aone.

The statement that ‘*many rigorous morphological
synapomorphies that support a sister-group relationship
between the Acoela and some members of the Turbel-
laria, i.e. the Nemertodermatida’ (Berney, Pawloski,
and Zaninetti 2000, p. 1037) is misleading, as it is now
clear that nemertodermatids are excluded from the
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Cestoda* (PLAT)
Tricladida* (PLAT)
Typhloplanida (PLAT)

Tricladida* (PLAT)

I Pogonophora

Annelida

Cestoda (PLAT)*

Triploblastica

| Diploblastica
* Triploblastica
| Diploblastica

Triploblastica




Rhabditophora and hence unrelated to the other ** Tur-
bellaria” (Ehlers 1984; Lundin 2000; Jondelius et al.
2000; Telford et al. 2000). The findings based on EFla
therefore do not contradict Ruiz-Trillo et al. (1999).

Reanalysis of Efla sequences shows them to be
largely insufficient when considered in isolation. Alone,
the gene cannot be used to arbitrate convincingly on the
position of the acoels. Morphological studies already
seem set to contribute further to our understanding of
this problem (Henry, Martindale, and Boyer 2000), but
from a molecular perspective there are two obvious al-
ternative approaches, both nicely illustrated by Berney,
Pawloski, and Zaninetti (2000). First, it is obviously im-
portant to use sequences of genes in addition to 18S
rDNA as independent sources of data (Mitchell, Mitter,
and Regier 2000). Using multiple genes controls for the
possibility of positively misleading, |ocation-dependent
processes in sequence evolution (Cummings, Otto, and
Wakely 1995), and other genes may help to corroborate
or refute the results of Ruiz-Trillo et al. (1999).

The second approach is to look for rare and hope-
fully nonhomoplasious molecular synapomorphies,
characters such as unique insertion/deletion events, mi-
tochondrial gene rearrangements, change in mitochon-
drial genetic codes, and so on. If the acoels are not basal
(presumably deriving from within the lophotrochozoan
branch), there should be little difficulty in demonstrating
this. Any lophotrochozoan apomorphy shared by the
acoels, with the plesiomorphic state being found in both
deuterostomes and ecdysozoans, will support a derived
position of the acoels (Telford 2000). In contrast, dem-
onstrating the acoels to be basal may be more difficult.
To demonstrate this cladistically requires a synapomor-
phy uniting all Bilateria except acoels. In addition,
acoels must have the plesiomorphic condition in com-
mon with an outgroup, or their character state might
simply be an autapomorphy and, thus, uninformative.
This latter condition seems difficult to fulfill due to the
evolutionary distance of the closest metazoan outgroups,
the diploblasts.
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