MoneKynapHaa reHeTuKa Ha cnyxbe
30010TMK 6ecno3BOHOYHbIX



YpPOBHHU OpraHU3alMU
» TeHbl (AHK, TeHOM)

4

» UHPopmaumoHHaa PHK (3Kkcnpeccom)

\ 4

» benku (Mpoteomuka)

\ 4

» benok-benkosbie n 6enok-AHK B3anmoaencrems

\ 4

» PeHoTmn (mopdonorua, puanonorma, romeocTtas,
agantauum)



JIHK - camad ci0kHada CTpyKTypa B }KUBBIX
opraHu3max!




C apyrou ctoponsl, J/IHK o coctaBy MaJio
oT/iM4aeTcs oT 6yThlJIKM Koka-Kouibl!

Coke DNA Solubility
water water -
Sugar :
Sugar (sucrose) (dexoyribose) VERY High
Phosphate
(PO, acid) phosphate moderate
caffeine bases extremely low
(AT,C,G) Y

\H 0l NH,
2t N N
ST f

caffeine Adenine



Phage A Escherichia coli Saccharomyces Caenorhabditis elegans Drasophila

50 kb (bacteria) cerevisiae (nematode) melanogaster
2 pages 4.7 Mb (yeast) Arabidopsis thaliana (fruit fly)
200 pages 12.5 Mb (plant) 165 Mb
500 pages 100 Mb 5 volumes
3 volumes

8 25 kb per page
1500 pages
per volume
(2 inches thick)

Human being
3000 Mb
80 volumes

Yy MYXYUH Ha ABa TOMa MEHbLLE...

Ho MHOrne opraHu3Mel UMEIOT T€HOM €EIlIE

Gonpre!



1. C6op matepmana

4. CukBeHc nup-PpparmeHTa

L L

2. Boigenenue HK

=% Alignment of Contig 1

Ig Position: 1

3’

IIp

—_— e

2

IIp

—_— e

*4.... .Hp
30 nukaoB

39

P -Hp

nx230
KO
> HCKOMOro

¢pparmenTt
JHK

3. NUP-amnandpukaymna pparmerHra mtHK

1. 753kb

1?0 2E||0 Z}U 3 Z?U Z?U lelU

=) P Translate D Consensus

TTCTCATCAGTAACCCACATCTGCCGAGATGTAAACTATGGATGATTAATCCGCAAT

H2 Barbu.g{l>1135) —
CBDL_H13..q(1>1750) —
CBDL_H15..q(1>1750) —
HL Barbu.g{l>1135) —
W A09_BARL..(120>759) —

wD09_BARIL..(159>817) —>

w F09_BARL.. {151>769) —

D G09_BARL..(148>792) —
P cos_BaRL.(158>802) —

DE0S_BARL. (164>806) —

DHOS BARL.. 240>812) —
K[>>] Unspecified Search €

TTcTCATCAGTaaccCACATCTGCCGAGATGTAAACTALGGATGAtTaATCCGCALT|
TTcTCATCAGTaaccCACATCTGCCGAGATGTAAACTALGGATGatTaATCCGCAAT]
TTcTCATCAGTaaccCACATCTGCCGAGATGTAAACTALGGATGatTaATCCGCAAT|
TTcTCATCAGTaaccCACATCTGCCGAGATCTAAACTALGGATGatTaATCCGCAAT|

R4, L
TTETCATEAGTME C EAEATETGE C GAGATGTAAAETATGGATGATTAATE EGEM’I
TTCTCATCAGTAACCCACATCTGCCGAGATGTAAACTATGGATGATTAATCCGCAAT]
TTCTCaTCAGTaACCCACATCTGCCGAGATGTAAACTATGGATGATTAATCCGCAAT]
TTCTCaTCAGTaACCCACATCTGCCGAGATGTAAACTATGGATGATTAATCCGCAAT]

TTCTCaTCAqTaACCCACATCTGCCGaGaTGtAAACTATGGATGATTAATCCGCAAT|
| >

5. CTbIKOBKa U MHOXXeCTBEeHHoe

BblpaBHMBaHUe
nocneposBaTenibHOCTEN

D.haemobaphes_CS
D.haemobaphes_CS
D.haemobaphes_CS
D.haemobaphes_BS

BS

D.haemobaphes_|
‘ D_caspius_CS
D_caspius_CS

D _caspius_CS
D_villosus_BS

D_villosus_BS

D_villosus_BS

P_robustoides_CS
P_robustoides_CS
- P.robustoides_CS
P_robustoides_BS
P_robustoides_BS
P.robustoides_BS

L
Eu_maeoticus_CS
Eu_maeoticus_CS
Eu_maeoticus_CS
Eu_maeoticus_BS

Eu_maeoticus_BS
P.crassus_CS
P_crassus_CS

15.4

P_crassus_BS
P_crassus_BS

14

12

10

8 6 4 2

o

Nucleotide Substitutions (x100)

6. PunoreHeTnyeckKan
PEKOHCTPYKUMA
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[eHeasiorvs reHoB U BUJ000pa3oBaHUE
Bua A Bua b

\l&\ // %// Cerperauus annenei
Obnactb 06WMx annenem
(rannotMnoBs) y monoapix BUAOB

BnaoobpasoBaHue

Bonpoc 1: Mo»HO nn pacno3HaTb
reHeTM4YeCcKn monogbie Bnabl?

Bonpoc 2: Kak BuAbl 3HAKOT, YTO OHU

?
Bpems BUAbI

(nokoneHwus)

npeaokK



OnpegesieHue (KOHLENIUA) BUAA JOJXKHO
pelaTs caeAylue 3aJa4u

» |.MNMomoub B Knaccndpumkaumm

» 2. ONUCbIBATb AUCKPETHbIE NPUPOAHbIE ABAEHUA (rpynnbl
OpraHM3mos)

» 3. [loMOYb NMOHATb KaK 3Tn «KOUCKPETHbIE ABIEHUA»
BO3HUK/IN B Npunpoae

» 4. OTpaXKaTb 3BONOLNOHHYIO UCTOPUIO

» 5. bbITb NPUMEHUMO K MaKCMMaATbHOMY YUCNY
OpraHM3moB

» Hn ogHa KoHuenuna snaa He pewaet BCE nocTtaBneHHble
3a4a4u



bosprimHuKoBas MoJsib Rhagoletis pomonella

» Knaccunyeckunm
npumep
BNA00Opa30BaHUS,
NPUYPOYEHHOTO K
cneunanusaumm Ha
ob6beKkTe NUTaHuA
(M3HavyanbHO
H6osPbILWHUK, 3aTEM
A610HA, B nocneaHee
BPeMA -LUMMOBHUK) U
accopTaTUBHOMY
CKpeLLUBaHMUIO.

Rhagoletis pomonella
(Photo Guy Bush)

Flowering dogwood fruit

Hawthorn fruit




JKonornyeckas nsongauua, BO3HMKLLAA Kak nuwesas u no MecTy
obuTtaHusa, NOCTENEHHO CTana u BpeMEeHHON — B CBA3WN C PasHbIMU
CpoKaMu NNOAOHOLUEHNA Y pacTEHUN-XO3HEB.

R T T T T T
Cpok BbinynneHus

f'i o2y
MMaro U3 KyKornok J Apple Fruiting
= . Hawthorne Fruiting

AdnovHan Paca c
paca SosipbIWHKUKA
A

/

\
|
|
|
|
\
\

oatotafRliesiEmergent

AN TP %

Shared

Bush G L 1969 Sympatric host race formation and gbZCI&UOXIn frugivorous

flies of the genus Rhagoletis (Diptera Tephntidae) Evolution23: 237-251



bavnHAUH MOPCKHUX exXeHr

benok bindin nokpbIBaeT akpocomy criepmms
MOPCKOro exxa U cnocobCTBYET CBA3bIBAHMIO
C BUTESINTIMHOBOW 0H60M04YKON ANLIEKIETKN
(Metz et al. 1994)

Y pasHbIx BUOoB O0sbLLIOE KOSTIMYECTBO
aMUHOKUCIOTHbIX 3aMeH — Npu3Hak
OBUXyLlero otbopa

[TonHasa penpoayKTMBHAA nsonauns — npu 8-
10 aMMHOKMCNOTHBLIX 3amMeHax B bindin (1
npeanonoxmnTernoeHo, B bindin-peuenTtope
anua.

Evolution, 59(11). 2003, pp. 2399-2404

SEA URCHIN BINDIN DIVERGENCE PREDICTS GAMETE COMPATIBILITY

Kk S. ZicLer.!23 MicHAEL A. McCartNeY.*® Don R. LeviTan.57 anp H. A, Lessios!$
L Smithsonian Tropical Research Institute, Box 0843-03092, Balboa, Panama
2Friday Harbor Laboratories, 620 University Road, Friday Harbor, Washington 98250
4Department of Biological Sciences, University of North Carolina at Wilmington, Wilmington, North Carolina 28403
SE-mail: mecartneym(@unew.edu
SDepartment of Biological Science, Florida State University, Tallahassee, Florida 32306-1100
TE-mail: levitan@bio.fsu.edu
8Email: lessiosh(@si.edu

PeuenTtop Ha sanue, KOMNAIUMeHTapHbIn 6anHaNHY:

Kamei, N.. and C. G. Glabe. 2003. The species-specific egg receptor
for sea urchin sperm adhesion 1s EBR1, a novel ADAMTS pro-
tein. Genes Dev. 17:2502-2507.
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Mitochondrial Divergence (COI K2)

FiG. 1. Correlation between gametic compatibility and (A) diver-
gence of bindin at nonsynonymous sites and (B) COI divergence
for 14 interspecific (uncorrected for phylogenetic and statistical
interdependence) comparisons. Nonsynonymous bindin divergence
(dy) was calculated in MEGA (ver. 2.1; Kumar et al. 2001) by the
Pamilo and Bianchi (1993) and Li (1993) method. Mitochondrial
cytochrome oxidase I (COI) divergence was calculated by the Ki-
mura (1980) two-parameter (K,) method.



The protein domains of the sea urchin egg bindin receptor, EBR1, from Strongylocentrotus
franciscanus and S. purpuratus.

SOOI MITONoloD oo ol ielolelololololole

9
IO T Oood ottt
<>Propeptide ReprolysinQ ADAM D TSP () CUB  [_JHyalin [b EBR repeat uii:'

Victor D. Vacquier, and Willie J. Swanson Cold Spring
Harb Perspect Biol 2011;3:a002931

©2011 by Cold Spring Harbor Laboratory Press



The oyster bindin fucose lectin repeat threads onto the known fucose
lectin crystal structure. Dark residues are eight sites under positive
selection that surround the fucose-binding groove, indicating the
importance of adaptive evolution in binding fucose. Number 138 is the
ninth positively selected site, which is not in the fucose binding
groove. (Figure adapted from Moy et al. [2008] and reprinted, with
permission, from the National Academy of Sciences © 2008.)

m Cold Spring Harbor
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KiroueBad poJib NpOTEOIJIMKAHOB B pacliO3HaBaHUU
CIIEpMaTO30UJ0M «CBOEU» SAULEKJIETKH

—

r 4

SF- or SG-containing
egq |elly coat

3indin

o |

Bindin receptor”

Polymerized actin|

Fig.2 Schematc represntation ofthe baro lierarchical regu ltory evenis
In egg-sparm reco gmiton of sea urchin ferihmbon: the fist one (a), a2
carbo rydmibe- kased mechamsm, 15 pnmardy driven by the sea urchim ege
jelly sultated ghcans, sultated tucan (S5F) or sultated galactan (S0s],
which play the role as inducers ot the AR; the second onz (b), a
profein-based mechamsm, dnven by the bindin protem found at the top
ot the sea urchm-reacied spemm, plays the mle to ulbhmately enable cell
meambrane fusion of both gametes inmvolved i the fermhzton process
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process

Gilycocon) J (2015) 32:9-15
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MINI-REVIEW

Sulfated glycans in sea urchin fertilization

Vitor H. Pomin



Osiurocaxapuhbl »keJie00pa3HOM 000JIOUKHU sIHlia
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Fip. 3 Representation of the repetitive ohgosacchande units of sea urchin egg jelly sulfited fivcans (a-h) and sulfited galactans (i and j, mside the bax).
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THE NEw VIEW OF ANIMAL PHYLOGENY

Kenneth M. Halanych

Department of Biological Sciences, Auburn University, Auburn,
Alabama 36849: email: ken@auburn.edu



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
aHaNN3MpoBasacb NO AaHHbIM CMKBEHCA

18s PHK.

» TaKxe BnepBbie bbin NpUMmeHeH
afleKBaTHbIM HAbOpP MeToa0B aHaNM3a
CMKBEHCOB

Science 1988 (239)
748-753
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Echinodermata (starfish)

Annslida (earthworm)
Chordata (human)
Arthropoda {brine shrimp)

Platyheiminthes
[planarian)

Coelenterata (hydra)
Coelenterata (sea anemone)

Protostomia Lophophorata Deuterostomia

Arthropoda Brachiopoda Chordata Protista (ciliate)

Fungl fyeast)

Annelida

Echinodermata Plantae (corn)

e Mollusca e e e e Y e e e m =

Platyhelminthes _ .
Protista (cellular slime meld)

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

Protista
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LETTERS

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®
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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

topology.
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ARTICLE INFO ABSTRACT

Article J'Eff_"}'f ) The genomes of the mollusk Lottia gisantea, the leech Heobdella robusta and the polychaete worm

Received 13 :.epten.‘iberzuw Capitella teleta each have a gene encoding an ecdysone receptor homolog Publicly available

Elﬂ:ﬁcm:b:arzgmu genomic and EST sequences also contain evidence for ecdysone receptors in the seahare Aplysio
e califormicn, the bobtail squid Fuprymma soolopes and the medidnal leech Hirwdo medicinalis,
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alable anline ' Three-dimensional models of the ligand binding domains of these predicted ecdysone receptor

homologs suggest that each of them could potentially bind an ecdysone-related steroid. Thus,
ecodysone receptors are not limited to arthropods and nematodes.
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NcTopus 3Bepbka Xenoturbella

» OnucaHbl n3 pbopaos Lseunn B 1949 r. no
cbopam 1915 roaa

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

a peculiar, primitive turbellarian type. Arkiv for Zoologi, 1,
3-29.)

» OTHeceHbl K beckuweyHbim Typbennapuam
(Acoelomortpha)

[10 4 cm B ONKUHY. Y HUX HET nuuieBapuTerbHOro
TpakTa, NofI0BOMN CUCTEMBI U LEHTPAarIM30BaHHOIO
MO3ra Unu HepBHOro y3na.'t' imeetcsa opraH
paBHOBecus (CTaTtouucT), AuddysHas HepBHas
cuctemMa (pacnosiokeHa nog annaepmmucom),
MeLlKoobpasHas Kuwka (bes 3agHero npoxoaa)
obpasyeT eAMHCTBEHHYIO NOMOCTb Tena, OOHapy>XeHbI
rameTbl. Mopckne 4yepBeobpasHble XXUBOTHbIE,
HangeHHble Yy nobepexbs LWBeunn (Ha rnybuHe 60-
100'm B pbopaax), Wotnananu, Ncnanguu.



http://ru.wikipedia.org/wiki/Xenoturbella

» MoneKkynapHble nccneaoBaHus
(1997) — 6an3Koe poacTBo C
MOIIIOCKaMU. [nnoTtesa o
HEOTEHMYHOW Tpoxodope,
nepewelen K Nnon3aHuto Ha aHe

n nutaHuio. Noren & Jondelius,
1997

Michael Norén, Ulf Jondelius

Swedish Museum of Natural History,
POB 50007, SE-104 05 Stockholm, Sweden

e-mail: ulfj@nrm.se

Xenoturbellds
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 (185 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.



Noren & Jondelius, 1997 - 18s tree
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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.



Noren & Jondelius, 1997 - COl tree
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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 —

2 Nucula nucleus
embryogenesis e
Nuculoma fenwis
................................................................................. Malletia inequalis 3
Xenoturbella bocki Westblad' is a strange ‘ Pseudomaliefia obtusa | &
animal — a 2-cm-long, slowly moving cili- diinkinn g
. Yoldia hyperborea o
ated bag with no anus and no organs except 3 |, o
f ‘. : & . — - _-_|: Portlandia arctica
or a position-sensing statocyst containing ortleta nane
flagellated statoconia®. Despite the animal’s Voldislla lucida
peculiarities, it has been neglected by most Yoidiella philippiana

textbooks. I now report a study of oogenesis
in X. bocki Whi‘:hr tﬂgEthEl‘ with the Figure 2 Cladistic analyses of oogenesis indicates
nucleotide data of Norén and ]ﬂﬂdf!lilla’i}: 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 characters, with their apomorphic states, are: 1,
molluscan relationship close to or within |
the protobranch bivalves.

Olle Israelsson

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

e-mail: olle.israelsson@nrm.se

Figure 1 Relationship of Xenoturbella bocki to molluscs. Late vitellogenous oocytes of a, Xenoturbella
bocki and b, the protobranch mollusc Nucula nucleus. Scale bars, 20 pm.

32 Nature @ Macmillan Publishers Ltd 1997



TaHHbIE

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,

Hemichordata Xenoturbella

e,

Echinodermata Chordata
I:_-ﬁ AAA=N
cox? R ND4 cox2
ATA=
Other
Bilateria
cax? =52 D cox2
AdA=K
ATA=M

Figure 2 Position of Xenoturbela within the deuterostomes as suggested by our analyses
of 55U and mitochondrial data. The distribution of synapomorphic molecular character
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Amphiporus sp,

Aplysia californica

Eisenia fetida

Phascolopsis gouwldi
Placopecten magellanicus

Nuecula sulcata

Urechis caupo

Phoronis vancouverensis

Terebralalia transversa

Halicryptus spinulosus

G| wus polyphemus

70 Triops longicaudatus
Antedonidae G.sp.

Arbacia sp,

Strongylocentrotus purpuratus
Balanoglossus sp.

Cephalodiscus
gracilis

Harrimania sp,
Saccoglossus kowalevskii
Xenoturbella bocki
Eranchiostoma floridae
Homo sapiens

100

s
e -\ = Raja schmidti
1007 gg7 Triakis semifasciata
Petromyzan marnus
£|— Ciona intestinalis
10047 Thalia democratica

Styela plicata

— 0.01 substitutions per site

Lophotrochozoa

Ecdysozoa

Echinodermata

Hemichordata

Xenoturbellida

Chordata
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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 Ereemarﬂ, Jochanan Aronowicz?,
Mark Kirschner, Eric S. Lander®®, Michael Thorndyke’, Hiroaki Nakano’, Andrea B. Kohn®, Andreas Heyland®,
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b Xenoturbella bocki | Xenoturbellida
Solaster stimpsonii Echinodermata
Echinoidea
100/99/68 L Saccoglossus kowalevski I Hemichordata
Eptatretus burgern
100/99/100 Petromyzon marinus || Vertebrata
] Homo sapiens
Ciona intestinalis
—/ . Halocynthia roretzi QUrochordata
/ ) Molgula tectiformis
100/5a/- i 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
sequences 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).
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