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O
CornacHo Krnaccuyeckmm
npeactaBneHnam, Bce bunatepun,
nMetome Lenom (BTOPUYHY NosiocTb
Tena), nponcxoaaT ot obuiero npeaka u
NPOTMBOMNOCTABNATCA
«gouenoMmuyecknm» bunarepusm, Takum
Kak Nfockue u Kpyrnble Yepsu. LlenomaTsl
noapasgensoTcs Ha NePBUYHOPOThIX
(konb4aTble YepBU, MOSMNHOCKN,
YNIEHNUCTOHOINE 1 Ap.) u
BTOPUYHOPOTLIX.(XOpAOoBbIE,
nonyxopaosble, urrnokoxue). Konevartble
YepBu cUUTanUCb Npeakamm
YNEHUCTOHOIUX.



» Mo MHEeHUI0 CTOPOHHUKOB
NNaHYOUAHO-
NAHYIOMAHO-TYPBENTIAPHBIE TANOTESb! Typb6ennapHbiX runores
(esepxy), npegkamm
6unatepuit 6b11m
OpraHun3mbil,
G . ’;:cr} (@0 HANOMUHAOLWME IMYUHOK
R T o COBPEMEHHbIX
KULLUEYHONO/OCTHbIX
XUBOTHbIX (NnaHyn). Mo
OAHOM U3 Bepcui
(BepxHum pagp), 6ptowHan
CTOPOHA NEePBUYHDIX
6unartepum obpasoBanachb
n3 60KOBOro ceKkropa
NNaHYIOUAHOTO NpeakKa ,
no Apyrou, - 3 poTosou
NOBEPXHOCTM.

PECHUHHBIA 3NMACPMIUC

NapeHxMma

N3: Manaxoe B.B. HoBbIn B3rnsg Ha npoucxoxgeHue dunatepun. MNpupoga 2004



»  CornacHo apxuuesioMaTHbIMm
runote3am (csesa),

___Iiuenow 6unatepuu npomsownm ot
YyeTblpexy4yeBbiX
KOPaAn0BbiX NOANNOB,
KULLEYHanA NOJI0CTb KOTOPbIX
pa3aeneHa Ha yeTbipe
Kamepbl

APXVILLENOMATHbBIE TMNOTE3bI

KapMaHb! KALLEYHOW NONOCTH

NepeVYHOe POTOBOe
orsepcTme ¥ N
LENeBUAHBIA POT

MeTamepHble XUBOTHbIE
npousownu(Sedgwick
,1884) oT MHOromny4eBbIX
KopansoB (Bua cBepxy u
cboky [Beneden E.
van.1881], a Takxe co
CTOPOHbI POTOBOM

HOBQPXHOCTM OpiowHan HepBHan cucTeMa = >
M3: ManaxoB B.B. HoBbIll B3rnsg Ha npoucxoxaeHue 6unatepwii. Mgupona 2004

METAMEPHbIE TMMOTE3bI pot

MeTaMepHble uenoMu4eckue Kamepbl




[IpoucxoxageHue 6M1aTepajibHO-CUMMETPUYHBIX )KUBOTHBIX.
KpacHbIM 1iBeTOM BbljeJIeH a00pa/IbHbIA HEPBHBIN LIEHT)P.

Meramepusie Dunarepun

NNABABWMA B TONWE BOAM!
P3ANANLHO -CHMMETDMYHBIM NPENOoK

BEHACKME BUNATEPANLHO - CUMMETPUNHBIE KMLIEMHONONOCTHEIE,
nonaswwe No CybCTparty Ma POTOBOM CTOPOHE

COBPEMEHHDIE
KMLEYHONONOCTHLIE

3: Manaxoe B.B. HoBbIn B3rnag Ha npoucxoxaeHne ounartepun. MNpupoaa 2004
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Molecular Phylogeny of the Animal Kingdom

KATHARINE G. FIELD, GARY J. OLSEN, DAVID ]J. LANE, STEPHEN J. GIOVANNONI,
MicHAEL T. GHISELIN, ELIZABETH C. RAFF, NORMAN R. PACE, RUDOLF A. RAFF*

» BnepsBble cuctemaTuKa
aHaNnU3npoBanacb NOA AaHHbIM
cnkeeHca 18s PHK.

» Takrke Bnepsble 6bl NPUMEHEH
afeKBaTHbIK Habop meToA0B aHaNM3a
CMKBEHCOB

Science 1988 (239)
748-753
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Fig. 2. An evolutionary tree for animals thar is based on partial sequences of

, Coelenterata 188 rRNAs. The tree is read from left to right. The root of the tree is

B”aty provided by the most distantly related organism, the cellular slime mold. The

Eumetazoa
r Acoelomates ar- Coelomates -—*-—l

__— Forifera Rapid Radiation of Four Coelomate Groups

Fig. 1. Phylogeneti tree for the Metazoa, based on the views of Hyman (). Within the Bilateria, an early split separated Platyhelminthes
This phylogeny is based on morphology of both adults and embrycs. (flatworms) from coelomate animals (Fig. 2). The close relationship
Phylum names are shown in lightface lettering. among cucoclomate lineages renders it implausible that the coelom
originated more than once (2#). Our data suggest a rapid radiation
of coelomates, resulting in the divergence of four major groups: (i)
Chordata, (ii) Echinodermarta, (iii) Arthropoda, and (iv) “eucoelo-
mate protostomes,” a group consisting of Annelida, Mollusca,
Brachiopoda, Sipuncula, and Pogonophora (Vestimentifera). The
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Fig. 4. An expansion of the arthropod portion (boldface) of the 185 rRNA
tree for animals. The planarian is included as an outgroup. An echinoderm, a
chordate, and an annelid represent the other eucoelomate groups. Organisms
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Fig. 5. An expansion of the cucoelomate protostome portion (boldface) of
the 185 rRNA evolutionary tree for animals. The planarian is included as an
outgroup. A chordate, an echinoderm, and an arthropod represent the other
eucoelomate groups. Organisms shown: starfish, Asterias forbesi; human,
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|. Placozoans branched off from the main animal lineage before sponges.
2. Mesoderm first arose in ctenophores.

3.Acoelomorphs are secondarily simplified animals.

4. Chaetognatha is the sister to the Lophotrochozoa/Ecdysozoa clade.

5.Spiral cleavers do not form a monophyletic clade exclusive of other
cleavage

patterns.

6. Genetic mechanisms controlling annelid segmentation are different than
in

arthropods.

/.The Brachiopoda/Phoronida clade is sister to Mollusca.

8. Panarthopoda evolved from a small infaunal organism.

9. Platyzoa is a derived subclade of Lophotrochozoa.

|0.The hidden history of early bilaterian evolution was less than 50 My.
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LETTERS

Broad phylogenomic sampling improves resolution of
the animal tree of life

Casey W. Dunn't, Andreas Hejnol', David Q. Matus', Kevin Pang', William E. Browne', Stephen A. Smith?,
Elaine Seaver', Greg W. Rouse’, Matthias Obst*, Gregory D. Edgecombe?, Martin V. Serensen®,

Steven H. D. Haddock’, Andreas Schmidt-Rhaesa®, Akiko Okusu’, Reinhardt Mebjerg Kristensen'’,

Ward C. Wheeler'!, Mark Q. Martindale' & Gonzalo Giribet'*"*

» BapuaHT MONEKYNSPHOro 3BOJIIOLUMOHHOIO ApeBa KMBOTHbIX (2008 roa) ,
OCHOBaHHbIN Ha peKkopaHOoM Konnyectse reHoB (150) n rpynn }KMBOTHbIX. B
aHanM3e Ucnoib3oBaHO 77 BMOOB, OTHOCALLUMXCA K 21 TUNY XXUBOTHbIX,
npudyem gnAa 11 n3 sTux TMNoOB reHOMHbIe JaHHble 40 CUX NOP OTCYTCTBOBA/IN.
MHorume yactu (y3nbl) nonyymslierocs gepesa AeNCTBUTE/IbHO OKa3aamcb
3HaunTenbHO Hosee ycTonumBbiMM, Yem B Bosiee paHHUX UCCIea0BaHUAX

TaKoro poaa.
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Figure 1| Phylogram of the 77-taxon RaxML maximum likelihood analyses  likelihood = ~796,399.2). Support values are derived from 1,000 bootstrap
conducted under the WAG model. The figured topology and branch lengths  replicates. Leaf stabilities are shown in blue above each branch. Taxa for
are for the sampled tree with the highest likelihood (1,000 searches, log which we collected new data are shown in green.
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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): e5502. doi:10.1371/journal.pone.0005502
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LETTER

d0i:10.1038/nature09676

Acoelomorph flatworms are deuterostomes related

to Xenoturbella

Herve Philippel, Henner Brinkmannl, Richard R. C()pley?, Leonid L. Mor()zg, Hiroaki Nakanu‘“r, Albert J. P()ustka'_’,

Andreas Wallberg®, Kevin J. Peterson’ & Maximilian 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.
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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)2,5,12. 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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