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Fig. 1. Phylogenetic tree for the Metazoa, based on the views of Hyman (5).
This phylogeny is based on morphology of both adults and embryos.
Phylum names are shown in lightface lettering.
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Flig. 2. An evolutionary tree for animals that is based on partial sequences of
185 rRNAs. The tree is read from left to right. The root of the tree is
provided by the most distantly related organism, the cellular slime mold. The

Rapid Radiation of Four Coelomate Groups

Within the Bilateria, an carly split separated Platyhelminthes
(fatworms) from coelomate animals (Fig. 2). The close relationship
among cucoclomate lineages renders it implausible that the coelom
originated more than once (2a). Our data suggest a rapid radiation
of coelomates, resulting in the divergence of four major groups: (i)
Chordarta, (i1) Echinodermata, (ii1) Arthropoda, and (iv) “eucoelo-
mate protostomes,” a group consisting of Anneclida, Mollusca,
Brachiopoda, Sipuncula, and Pogonophora (Vestimentifera). The
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Insights into bilaterian evolution from three spiralian genomes

Oleg Simakov' ?, Ferdinand Marletaz! T, Sung-Jin Cho?, Eric Edsinger-Gonzales?, Paul
Havlak®, Uffe Hellsten?, Dian-Han Kuo? T, Tomas Larsson', Jie Lv”, Detlev Arendt' , Robert
Savage”, Kazutoyo Osoegawa®, Pieter de Jong® Jane Grimwood*/, Jarrod A. Chapman?,
Harris Shapiro®, Andrea Aerts?, Robert P. Otillar*, Astrid Y. Terry*, Jeffrey L. Boore* T, Igor
V. Grigoriev?, David R. Lindberg®, Elaine C. Seaver® T, David A. Weisblat<, Nicholas H.
Putnam?'% and Daniel S. Rokhsar’ 411

Abstract

Current genomic perspectives on animal diversity neglect two prominent phyla, the melluses and
annelids, that together account for nearly one-third of known marine species and are tmportant
both ecologically and as experimental systems in classical embryology! . Here we describe the
draft genomes of the owl limpet (Lottia gigarten), a marine polychaete (Capitella teleta) and a
freshwater leech (Helobdella robusta), and compare therm with other animal genomes to
investigate the origin and diversification of bilaterians from a genomic perspective. We find that
the genome organization, gene structure and functional content of these species are more srmilar to
those of some nvertebrate deuterostome genomes (for example, amphicxus and sea urchun) than
those of other pretostomes that have been sequenced to date (flies, nematodes and flatworms). The
conserv ation of these genormic features enables us to expand the inventory of genes present in the
last cormon bilaterian ancestor, establish the tripartite diversification of bilaterians using multiple
genormic characteristics and 1dentify ancient conserved long- and short-range genetic linkages
across metazoans. Superimposed on this broadly conserved pan-bilaterian background we find
examples of lineage-specific genome evolution, including varymg rates of rearrangement, miron
gamn and loss, expansions and contractions of gene families, and the evolution of clade-speaific
genes that produce the unique content of each genome.
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Figure 1. Full-genome evidence resolves metazoan relation ships and verifies th e monophyly of

lophotrochozoans and spiralians

a, & protein tree inferred from 299,129 amino acid posttions gathered from 827 slow-

ev olving orthologues using RARML and modelling heterogeneity of substitution processes
using a LG + I'4 model with each gene partitioned. Strong support 1s obtained for the
monophyly of lophotrochozoans. b, Intron tree obtained from a matrix of 5,377 mtrons
analysed using MrBayes and an asyrmrmetric binary model (probability of gain: 0.01). ¢,

Indeltree reconstructed from a matrix of 1,928 indel sites using a regular binary model.
Circles at nodes indicate a bootstrap support of >0.90 (a) or a postericr probability of =0.95

(b and . In b and ¢, arrows indicate species that do not follow the protem family tree
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Ecdysone receptor homologs from mollusks, leeches and a polychaete worm

Michel Laguerre?, Jan A. Veenstra >*

*UMR 5248 CNRS, Institut Européen de Chimie et Blologie, 33600 Fessac, France
= Universitd de Bordeaux, CNRS CNIC UMR 5228 33400 Talence, France

ARTICLE INFO ABSTRACT

Amicle histary: ) The genomes of the mollusk Lottia gigantea, the leech Hdobdella robusta and the polychaete worm

Received 13 September 2010 Capitella teleta each have a gene encoding an ecdysone receptor homolog Publicly available

Aewinad £ Ocioter 219 genomic and EST sequences also contain evidence for ecdysone receptors in the seahare Aplysia

:‘m"l”_";g Zf.’;'i"{fo;‘lﬁ, " californica, the bobtail squid Euprymma scolopes and the medidnal leech Hirudo medicinalis.
Three-dimensional models of the ligand binding domains of these predicted ecdysone receptor

Edited by Takashi Gojobori homologs suggest that each of them could potentially bind an ecdysone-related steroid. Thus,
ecdysone receptors are not limited to arthropods and nematodes.

Keywords: ® 2010 Federation of European Biochemical Societies. Published by Elsevier BV. All rights reserved.

Ecdysone recepror

tonrns



4480 M. Laguerre, A Veenstra/FEBS Letters 584 (2010) 4458-4462

Lottia PICGDRASGYHYNALE
Capitella ] 5 A

1 Helobdella Blacteila
e
eluca
Agelena Drosophila
Lvochclos CHELICERATA Heliothis
B i
A‘:tblsomma H;;g :

Lottia RE R ~=~~-~DSNGLSPESEKQRSVGDRNGGTQSVYTKPLTVINSNFM
CRUSTACEA Capitella RLEIR ~==ETPQPSPDSNS~~~SPRRG~=ESVVG~PLP~~~~NPL
Helobdella ( ~AAANTPALAALAISGS--—-KDVL
Blattella ol R ¥ TKVEPEXLETVNGV
Agelena ~SPARGG~~~-~VPQP
Celuca R
Drosophila RE E TI'SPSSQHGGNGSLASGGGQDPVKK!ILDLMTCE o —MA'!].P LLPDEILAKCQARNI
Heliothis d K VDDHMPPIMQCDPPPEAARIHEVVPRFLNEKLMEQNRLENV
Brugia JE A VSPQQAVSSSE
Homo K SsgeqQ

Lottia ' ¥ DEATCVKPDME——~-EVTADAM

Capitella E (E > HBBAVKISDRGRPDSLBLAIY
Helobdella E

INSECTA Blattella
Agelena
Celuca
Drosophila
Heliothis
Brugias
Homo

Aedes
Tribolium

Lottia

Capitella
l lattelia Begobdella MSSEVMMLRYT ARRY
Locusta Blattella [f EVHMERGARRY
- Pediculus Agelena
Celuca

- A . X
E heidole Drosophila 3 E » Y » DS Y} Y EYALLTAI
. A ; » . I

w
|
3
o
=
g
o

Camponolus Heliothis (ALLTAT
Apis Brugia

AS0 Homo

98
(oo aria NEMATODA

~—
95 Haemonchus
1 e  pristionchus Capicaiia
'———Homo LXR Helobdella TQ|
———Homo FXR Outgroup Blattella
Agelena
0.6 Celuca
Drosophila
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Hg. 1. Protein sequence similanty of the putative ecdysone receptors identified from L gigantea, C. teleta and H. robusta with ecdysone receptors Identified from vanous
arthropods, the nematode Bruga malayl as well as human LXR The DNA binding domains and the helices 1 through 12 (H1-H12)of the ligand binding domain have been
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Arthropod relationships revealed by phylogenomic
analysis of nuclear protein-coding sequences

Jerome C. Regier', Jeffrey W, Shultz"*’, Andreas Zwick', April Hussey', Bernard Ball’, Regina Wetzer’,
Joel W. Martin’ & Clifford W. Cunningham’

Our results strongly support Pancrustacea (Hexapoda plus Crustacea) but
also strongly favour the traditional morphology-based Mandibulatall
(Myriapoda plus Pancrustacea) over the molecule-based Paradoxopoda
(Myriapoda plus Chelicerata). In addition to Hexapoda, Pancrustacea
includes three major extant lineages of ‘crustaceans’, each spanning a
significant range of morphological disparity. These are Oligostraca
(ostracods, mystacocarids, branchiurans and pentastomids),
Vericrustacea (malacostracans, thecostracans, copepods and
branchiopods) and Xenocarida (cephalocarids and remipedes).
Finally,within Pancrustacea we identify Xenocarida as the long-sought
sister group to theHexapoda, a result confirming that ‘crustaceans’ are
notmonophyletic.

2010 Macmillan Publishers Limited. All rights reserved
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NcTopus 3Bepbka Xenoturbella

» OnucaHbl n3 pbopaos LWseunn B 1949 . no
cbopam 1915 ropa

(Westblad, E. (1949). Xenoturbella bocki n.g., n.sp.,

a peculiar, primitive turbellarian type. Arkiv for Zoologi, I,
3-29.)

» OTHeceHbl K beckulieyHbiMm Typbennapmnam
(Acoelomortpha)

[10 4 cM B ANWHY. Y HUX HET NULLEBAPUTENBHOIO
TpakTa, NOI0BON CUCTEMbI U LLEHTPaNM30BaHHOIO
MO3ra Unu HepBHoro y3na.'*' Mimeetca opraH
paBHoBecus (CTaTouucT), A dy3Hasa HepBHas
cuctema (pacnosnoxeHa nog anMaepmMmucom),
MeLlukoobpasHasa Kuwka (bes 3agHero npoxoaa)
obpasyeT eAMHCTBEHHYIO NOMOCTb Tena, O0HapYXeHbl
rameTbl. Mopckne YyepBeobpasHble XXUBOTHLIE,
HangeHHble Yy nobepexbs LLBeunn (Ha rnybmnHe 60-
100'm B pboppax), Wotnangnu, cnangmn.



http://ru.wikipedia.org/wiki/Xenoturbella#cite_note-0

» MoneKynapHble nccneagoBaHuUs
(1997) — 6an3Koe poacTBO C
MOANOCKaMU. [nnoTtesa o
HEeoTeEHNYHOW Tpoxodope,
nepewealwen K NoaA3aHNIO Ha AHe

n nutaHuto. Noren & Jondelius,
1997

Michael Norén, Ulf Jondelius
Swedish Museum of Natural History,
POB 50007, SE-104 05 Stockholm, Sweden

e-mail: ulfj@nrm.se

Xenoturbellas
molluscan relatives...

---------------------------------------------------------------------------------

Despite detailed morphological studies'™,
the phylogenetic relationships of Xeno-
turbella bocki Westblad 1949 have remained
unclear. The marine, worm-like X. bocki
was first described as an acoel flatworm’.
Later it was proposed to be a deutero-
stome', and most recently as the sister taxon
of the Bilateria®. Here we present DNA
sequence data that place X. bocki within the
protostome clade Eutrochozoa.

We used standard DNA extraction,
polymerase chain reaction (PCR) and
sequencing techniques to sequence 1,759
nucleotides of the small-subunit ribosomal
RNA gene (18S rRNA) and 708 base pairs of
the protein-coding mitochondrial cyto-
chrome ¢ oxidase subunit I gene (COI)
from five specimens of X. bocki collected on
the west coast of Sweden. We sequenced the
corresponding COI fragment from the flat-
worm Graffilla buccinicola for comparison.
We used these and sequences obtained from
GenBank to construct two matrices for
cladistic analysis.
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Figure 1 Consensus tree showing groups present in 60% of jack-knife replicates from analysis of 185 rENA
matrix (successive weighting of characters, 10 iterations with 100 replicates each, deletion frequency 7).
Labels indicate jack-knife frequencies. Clades marked with asterisks represent multiple terminals.
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Figure 2 Consensus tree showing groups present in 60% of jack-knife replicates from analysis of COl matrix
(3,000 replicates, & random additions and branch swapping, deletion frequency e '). Labels indicate jack-
knife frequencies. Full details of tree topology and sequence alignment are available from the authors.



Other metazoans

Other molluscs

...and molluscan il i

: > Nucula nudieus

em bryogeneSIS - | —m———— Aocula sucata
——— Nuculoma tenuis

................................................................................. Mo e 3
Xenoturbella bocki Westblad' is a strange ] Fradanuldd et %
animal — a 2-cm-long, slowly moving cili- T e 5
ated bag with no anus and no organs except C2 0y :fsn':z ’ZZE: .
for a position-sensing statocyst containing - e
flagellated statoconia®. Despite the animal’s S VAR SR,
peculiarities, it has been neglected by most Yoldiella phiippiana

textbooks. I now report a study of oogenesis
in X. bocki which, together with the Figure 2 Cladistic analyses of oogenesis indicates
nucleotide data of Norén and ]011delil153, that Xenoturbella bocki is a sister group or a sub-
contradicts earlier hypotheses as to the phy- group of protobranch bivalves. The analysed
logeny of the animal and instead suggests a . Shaipcians, with thelr apomealphic Sieles, .8s;.
molluscan relationship close to or within r: |
the protobranch bivalves.

Olle Israelsson
Department of Zoology, University of Stockholm
S-10691 Stockholm, Sweden

e "'Idi l 0 ”t’ i5f('l£’l$$0?l @Hfﬂl se Figure 1 Relationship of Xenoturbella bocki to molluscs. Late vitellogenous ococytes of a, Xenoturbella

bocki and b, the protobranch mollusc Nucula nucleus. Scale bars, 20 um.

32 Nature @ Macmillan Publishers Ltd 1997
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Xenoturbella is a deuterostome
that eats molluscs

Sarah J. Bourlat', Claus Nielsen’, Anne E. Lockyer”,
D. Timothy J. Littlewood’ & Maximilian J. Telford'

"University Museum of Zoology, Department of Zoology, Downing Street,
Cambridge CB2 3E], UK

*Zoological Museum (University of Copenhagen), Universitetsparken 15,
DER-2100 Copenhagen, Denmark

Jﬂepﬁmﬂem of Zoology, The Natural History Museum, Cromwell Road,
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Figure 2 Position of Xenoturbella within the deuterostomes as suggested by our analyses
of SSU and mitochondrial data. The distribution of synapomorphic molecular character
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Deuterostome phylogeny reveals monophyletic
chordates and the new phylum Xenoturbellida

Sarah J. Bourlat', Thorhildur Juliusdottir?, Christopher J. Lowe”, Robert Ereeman’l, Jochanan Aronowicz’,
Mark Kirschner’, Eric S. Lander™®, Michael Thorndyke’, Hiroaki Nakano’, Andrea B. Kohn®, Andreas Heyland®,
Leonid L. Moroz®, Richard R. Copley” & Maximilian J. Telford’

and urochordates, meaning that chordates are paraphyletic’. To
study the relationships among all deuterostome groups, we have
assembled an alignment of more than 35,000 homologous amino
acids, including new data from a hemichordate, starfish and
Xenoturbella. We have also sequenced the mitochondrial genome
of Xenoturbella. We support the clades Olfactores (urochordates
and vertebrates) and Ambulacraria (hemichordates and echino-
derms®). Analyses using our new data, however, do not support a
cephalochordate and echinoderm grouping and we conclude that
chordates are monophyletic. Finally, nuclear and mitochondrial
data place Xenoturbella as the sister group of the two ambulacrar-
ian phyla'. As such, Xenoturbella is shown to be an independent
phylum, Xenoturbellida, bringing the number of living deutero-
stome phyla to four.

NATURE|Vol 444|2 November 2006



Deuterostome phylogeny reveals monophyletic
chordates and the new phylum Xenoturbellida

Sarah J. Bourlat', Thorhildur Juliusdottir’, Christopher J. Lowe”, Robert Freeman', Jochanan Aronowicz’,
Mark Kirschner”, Eric 5. Lander™”, Michael Thorndyke’, Hiroaki Nakano’, Andrea B. Kohn®, Andreas Heyland”,
Leonid L, Moroz®, Richard R. Copley” & Maximilian J. Telford'

b Xenoturbella bocki | Xenoturbellida
Solaster stimpsonii Echinodermata
Echinoidea
100/99/68 Saccoglossus kowalevski I Hemichordata
Eptatretus burgeri
100/99/100 Petromyzon marinus | Vertebrata
] Homo sapiens
Ciona intestinalis
_/_ Halocynthia roretzi QUrochordata
/ Molgula tectiformis
100/53/- - Branchiostoma sp. I Cephalochordata

» Figure | | Phylogenetic analyses of 170 nuclear proteins and |3 mitochondrial
proteins support a monophyletic chordate clade and an independent
deuterostome phylum of Xenoturbellida.

b Bayesian analysis of nuclear

data after the addition of asteroid, hemichordate and xenoturbellid data. The new
seqguences join the branch to the echinoderm, and the cephalochordates now join
the chordate branch. This indicates that the previous result is due to systematic
error. Xenoturbella is the sister group of the Ambulacraria (echinoderms plus

hemichordates).
3



Deuterostome phylogeny reveals monophyletic
chordates and the new phylum Xenoturbellida

Sarah J. Bourlat', Thorhildur Juliusdottir’, Christopher J. Lowe”, Robert Freeman®, Jochanan Aronowicz’,
Mark Kirschner”, Eric 5. Lander™", Michael Thorndyke’, Hiroaki Nakano', Andrea B. Kohn®, Andreas Heyland”,
Leonid L, Moroz®, Richard R. Copley” & Maximilian J, Telford'
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Phylogenetic distribution of microRNAs supports the basal position of
acoel flatworms and the polyphyly of Platyhelminthes

Lorenzo F. Sempere,2 Pedro Martinez,?-¢ Charles Cole,29 Jaume Baguna,® and Kevin J. Petersone-*

SUMMARY Phylogenetic analyses based on gene
sequences suggest that acoel flatworms are not members of
the phylum Platyhelminthes, but instead are the most basal
branch of triploblastic bilaterians. Nonetheless, this result has
been called into question. An alternative test is to use
qualitative molecular markers that should, in principle,
exclude the possibility of convergent (homoplastic) evolution
in unrelated groups. microBRNAs (miRNAs), noncoding
regulatory RNA molecules that are under intense stabilizing
selection, are a newly discovered set of phylogenetic markers
that can resolve such taxonomic disputes. The acoel Childia
sp. has recently been shown to possess a subset of the
conserved core of miRNAs found across deuterostomes

and protostomes, whereas a polyclad flatworm—in addition
to this core subset—possesses miRNAs restricted to just
protostomes. Here, we examine another acoel, Symsagittifera
roscoffensis, and three other platyhelminths. Our results show
that the distribution of miRNAs in S. roscoffensis parallels that
of Childia. In addition, two of 13 new miRNAs cloned from a
triclad flatworm are also found in other lophotrochozoan
protostomes, but not in ecdysozoans, deuterostomes, or in
basal metazoans including acoels. The limited set of miRNAs
found in acoels, intermediate between the even more reduced
setin cnidarians and the larger and expanding set in the rest of
bilaterians, is compelling evidence for the basal position of
acoel flatworms and the polyphyly of Platyhelminthes.



Dismissal of Acoelomorpha: Acoela and Nemertodermatida are
separate early bilaterian clades eral.

Anoreas Warisess, Marco Corme-Garisrn, Arsanent Arvanzanen & Urs Joxortios
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Platyhelminthes
Lophotrochozoa
Scoloplos armiger )
: Ecdysozoa
: " Rotifera
: Deuterostomia
1% T Nemertodermatida
. : . — T Acoela
o= 1 Cnidaria
b+ ¢ Ctenophora
%ﬂwh:c’!:nam M&WEW“’ * MLBS > 50% (chars w low CT del)
brien
01

Fig. 5 A, B. The positons of Acoela and Nemertodermatida as separate braches are not artefacts of globally fast evolving characters. Maximum
likelihood non-parametric bootstrap values (MLBS; bold italics; 200 pseudoreplicates, GTR + I' + I model, Prymr) and parsimony jackknife
values (PJK; italics; 1000 pseudoreplicates, 10 random addition sequences and TBR branch swapping, TNT) relevant for Acoela and
Nemertodermatida are displayed above branches. MLBS frequencies over 50% for nodes in other parts of the trees when characters with low
CI were removed are indicated with a star. ‘Rouge’ taxa recovered outside their expected major group are indicated using their full name. The
five longest branches are indicated as bold lines. —A. Phylogram reconstructed from a maximum likelihood analysis of 18S and 28S ribosomal
data when the fastest 25% of the data was removed. Values in grey boxes are resampling support values recovered when characters where
removed according to their consistency index; the other values are resampling support values recovered from removing characters according
to their maximum likelihood rates. Resolution is lost within Nephrozoa. —B. Removing characters according to their Shannon-Wiener
variability index results in general loss of resoludon within Bilateria and potential LBA artefacts.
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To Be or Not to Be a Flatworm: The Acoel Controversy

Bernhard Egger’”, Dirk Steinke?”, Hiroshi Tarui®*®, Katrien De Mulder?®, Detlev Arendt®, Gaétan
Borgonie®, Noriko Funayama®, Robert Gschwentner’, Volker Hartenstein®, Bert Hobmayer', Matthew
Hooge’, Martina Hrouda®, Sachiko Ishida®, Chiyoko Kobayashi®'?, Georg Kuales', Osamu Nishimura®,
Daniela Pfister', Reinhard Rieger’, Willi Salvenmoser’, Julian Smith, I11'", Ulrich Technau'?, Seth Tyler”*,
Kiyokazu Agata®*, Walter Salzburger'3#, Peter Ladurner*

Abstract

Since first described, acoels were considered members of the flatworms (Platyhelminthes). Howewver, no clear
synapomorphies among the three large flatwom taxa - the Catenulida, the Acoelomorpha and the Rhabditophora -
have been characterized to date. Molecular phylogenies, on the other hand, commonly positioned acoels separate from
other flatworms. Accordingly, our own multilocus phylogenetic analysis using 43 genes and 23 animal species places the
acoel flatworm Godiametra pulchra at the base of all Bilateria, distant from other flatworms. By contrast, novel data on the
distribution and proliferation of stem cells and the specific mode of epidermal replacement constitute a strong
synapomaorphy for the Acoela plus the major group of flatwoms, the Rhabditophora. The expression of a piwi-like gene not
only in gonadal, but also in adult somatic stem cells is another unique feature among bilaterians. These two independent
stem-cell-related characters put the Acoela into the Platyhelminthes-Lophotrochozoa clade and account for the most
parsimonious evolutionary explanation of epidermal cell renewal in the Bilateria. Most available multigene analyses produce
conflicting results regarding the position of the acoels in the tree of life. Given these phylogenomic conflicts and the
contradiction of dewelopmental and morphological data with phylogenomic results, the monophyly of the phylum
Platyhelminthes and the position of the Acoela remain unresolved. By these data, both the inclusion of Acoela within
Platyhelminthes, and their separation from flatworms as basal bilaterians are wellsupported alternatives.

Egger B, Steinke D, Tarui H, De Mulder K, Arendt D, et al. (2009) To Be or Not to Be a Flatworm: The Acoel
Controversy. PLoS ONE 4(5): €5502. doi:10.1371/journal.pone.0005502
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doi:10.1038/naturc09676

Acoelomorph flatworms are deuterostomes related

to Xenoturbella

Herve Philippe', Henner Brinkmann', Richard R. Copley”, Leonid L. Moroz", Hiroaki Nakano®t, Albert J. Poustka®,

Andreas Wallberg”®, Kevin J. Peterson’ & Maximitian J. Telford®

Xenoturbellida and Acoelomorpha are marine worms with conten-
tious ancestry. Both were originally associated with the flatworms
(Platyhelminthes), but molecular data have revised their phylogenetic
positions, generally linking Xenoturbellida to the deuterostomes'?
and positioning the Acoelomorpha as the most basally branching
bilaterian group(s)’™. Recent phylogenomic data suggested that
Xenoturbellida and Acoelomorpha are sister taxa and together con-
stitute an early branch of Bilateria’. Here we assemble three inde-
pendent data sets—mitochondrial genes, a phylogenomic data set of
38,330 amino-acid positions and new microRNA (miRNA) comple-
ments—and show that the position of Acoelomorpha is strongly
atfected by a long-branch attraction (LBA) artefact. When we mini-
mize LBA we find consistent support for a position of both acoelo-
morphs and Xenoturbella within the deuterostomes. The most likely
phylogeny links Xenoturbella and Acoelomorpha in a clade we call
Xenacoelomorpha. The Xenacoelomorpha is the sister group of the
Ambulacraria (hemichordates and echinoderms). We show that ana-
lyses of miRNA complements® have been affected by character loss in
the acoels and that both groups possess one miRNA and the gene
Rsb66 otherwise specific to deuterostomes. In addition, Xenoturbella
shares one miRNA with the ambulacrarians, and two with the
acoels. This phylogeny makes sense of the shared characteristics of
Xenoturbellida and Acoelomorpha, such as ciliary ultrastructure and
diffuse nervous system, and implies the loss of various deuterostome
characters in the Xenacoelomorpha including coelomic cavities,
through gut and gill slits.

256 | NATURE | VOL 470 | 10 FEBRUARY 2011
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Xenoturbella bocki exhibits direct development
with similarities to Acoelomorpha

Hiroaki Nakano"Z, Kennet Lundin3, Sarah J. Bourlat™?, Maximilian J. Telford®, Peter Funch®, Jens R. Nyengaard’,
Matthias Obst! & Michael C. Thorndyke8

Xenoturbella bocki, a marine animal with a simple body plan, has recently been suggested to
be sister group to the Acoelomorpha, together forming the new phylum Xenacoelomorpha.
The phylogenetic position of the phylum is still under debate, either as an early branching
bilaterian or as a sister group to the Ambulacraria (hemichordates and echinoderms) within
the deuterostomes. Although development has been described for several species of
Acoelomorpha, little is known about the life cycle of Xenoturbella. Here we report the
embryonic stages of Xenofurbella, and show that it is a direct developer without a feeding
larval stage. This mode of development is similar to that of the acoelomorphs, supporting the
newly proposed phylum Xenacoelomorpha and suggesting that the last common ancestor of
the phylum might have been a direct developer.




Animal Evolution: A Soap Opera
of Unremarkable Worms

Recent phylogenies have suggested that acoelomorph flabworms might
provide insights into the nature of the ancestor of bilaterian animals. How
according to new data acoelomorphs might instead be degenerate
deuterostomes closely related to Xenoturbella, muddying the waters of €
animal evolution.

Cnidarians Cridarians ———————— Cnidarians Cumrort Shchony
Acoelomonpba Acoslomarpha
—ELWM Figure 1. Morphology and basic body plans of acoel flatworms and Xenoturbella.
—Elﬂwﬂﬂmm Xenotubelida Diagram of a lateral view of the body plan of acoel flatworms (A) and Xenoturbella (B). The
._Egm diffusely organized nervous systems are marked In red and the ventral mouth and blind gut
_Emmm Lophotrochozoans are marked in blue. The dorso/ventral axes are Indicated by D/V and the anteroposterior
Acoelomarpha axis by A/P. (C) Photomicrograph of an acoel flatworm, dorsal view, courtesy of James Sikes.
Xenohubellida _Em (D) Photomicrograph of Xenoturbella bockii courtesy of Max Tetford.
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Figure 2. Alermnative hypotheses for the phylogenetic position of acoelomorphs and Xenotur-
bellida within metaroans.

(A) Basal position of Acoslomorpha within bilaterians, but Xenoturbela located within the
deuterostomes [10]. (B) Grouping of Acoelomorpha with Xenoturbeilla at the base of the bilat-
erians [6]. (C) New hypothesis of Xenacoclomorpha as sister group to echinoderms and hemi-
chordates within the deuterostomes [2].

Current Biology, Volume 21, lzzue 4, R151-R153, 22 February 2011
Copyright & 2011 Elsevier Ltd All rights reserved.
101018 cub. 2010.12.017
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Mesodermal Gene Expression in the Acoel Isodiametra pulchra Indicates a Low
Number of Mesodermal Cell Types and the Endomesodermal Origin of the
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Summary of mesodermal gene expression in adult I. pulchra.

Conclusions

In this study we show that most of the acoel homologs of bilaterian mesodermal transeription factors are
also expressed in mesodermal compartments of the acoel, which only consist of muscles, gonads and
neoblasts [26]. Our gene expression study suggests that some neoblasts and germ cells may have been
derived from endomesodermal precursors and are thus true mesoderm. If the acoelomorphs are nested
inside the deuterostomes [22], it is likely the acoelomate condition in acoels arose from a coelomate
ancestor. However, we find no traces or anlage of mesodermal tissue that indicates the former presence
of a coelom in a coelomate ancestor. Only the gonads could represent the ‘vestige’ of a secondary
coelomic cavity. If the Acoelomorpha are the sister group to the remaining Bilateria [20], [21],
mesoderm evolution by ‘enterocoely’ is less parsimonious. In this seenario, myoecytes that form an
orthogon of cireular and longitudinal musculature are likely the first mesodermal cell type that evolved
in Bilateria. Other mesodermal tissues such as coeloms or connective tissue must have evolved
independently as secondary separations from the endoderm - similar to the secondary separation of the
parenchyma in the acoel lineage. However, a solid phylogenetic framework of animals is needed to trace

the path of mesoderm evolution and differentiation.
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Hox gene survey in the chaetognath Spadella cephaloptera:
evolutionary implications
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Results: This analysis has allowed us to determine the complete primary structures of 23 out of
32 RPs from the small ribosomal subunit (S5U) and 32 out of 47 RPs from the large ribosomal
subunit (LSU). Ten proteins are partially determined and |4 proteins are missing. Phylogenetic
analyses of concatenated RPs from six animals (chaetognath, echinoderm, mammalian, insect,
mollusc and sponge) and one fungal taxa do not resolve the chaetognath phylogenetic position,
although each mega-sequence comprises approximately 5,000 amino acid residues. This is probably
due to the extremely biased base composition and to the high evolutionary rates in chaetognaths.
However, the analysis of chaetognath RP genes revealed three unique features in the animal
Kingdom. First, whereas generally in animals one RP appeared to have a single type of mRNA, two
or more genes are generally transcribed for one RP type in chaetognath. Second, cDNAs with
complete 5'-ends encoding a given protein sequence can be divided in two sub-groups according
to a short region in their 5-ends: two novel and highly conserved elements have been identified
(5-TAATTGAGTAGTTT-3" and 5-TATTAAGTACTAC-3") which could correspond to different
transcription factor binding sites on paralog RP genes. And, third, the overall number of deduced
paralogous RPs is very high compared to those published for other animals.

Conclusion: These results suggest that in chaetognaths the deleterious effects of the presence of
paralogous RPs, such as apoptosis or cancer are avoided, and also that in each protein family, some
of the members could have tissue-specific and extra-ribosomal functions. These results are
congruent with the hypotheses of an allopolyploid origin of this phylum and of a ribosome
heterogeneity.
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