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Animals




Fromunicellularto multicellular... Transitions







From radial symmetry to bilateral Transitions




Bilaterianinnovations

(a) Radial symmetry

(b) Bilateral symmetry
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Bilaterianinnovations

A Symmetry
A Cephalization
A Mesoderm

_ (a) Radial symmetry

(b) Bilateral symmetry
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l Cleavage

Eight-cell
stage

Blastocoel

\Cleavage

& / Cross section
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Gastrulation &
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~  Endoderm

\ ~& ~Ectoderm
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Cross section
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Mesoderm

ctoderm
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Endoderm

Diploblastic Triploblastic
Gastrula Gastrula




Embryonic layers

wEndoderm: digestivéract (i.e. guts) and organs
derived from it (1.elungs as well asecretory
organsO f A USNE LJ YONBI &=

wEctoderm: epidermisndnervous systemas
well as hair, cornea, tooth enamel, etc.

wMesoderm coelom musclesbone/cartilage,
circulatory, spleen kidney, reproductive, etc.
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Triggers Ecological

Cambrian Substrate Revolution

Kimberella
grazing on
bacterial
mats

Firm
Substrate

Substrate is
soupier
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.... Bilaterian
. ) burrows

Ediacaran Substrate Cambrian Substrate

© Royal Ontano Museum



The New AnimaPhylogeny

Porifera

Placozoa
Cnidaria 1
amaiip=ir=ia=mm Ctenophora e

Ecdysozoa

Bilateria
Deuterostomia



First bilaterian

"Complex” Urbilateria hypothesis "Planuloid” Urbilateria hypothesis

Appendages brain Coeur segmented coelome Diffuse nervous system Blind digestive tract

Ganglia

Eyes Mouth and nervous chain

Present characters:
-Anus
-Protonephridia
-Central nervous system
-Appendages
-Coelome
-Strong cephalization

Protonephridia

Anterior

Ventral

Absent characters:
-Anus
-Protonephridia
-Central nervous system
-Appendages
-Coelome
-Weak cephalization

Posterior
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Nemertodermat




Xenoturbellida

N3

The Swedish clog




Acoels nemertodermatids andxenoturbellids

Acoela + Nemertodermatida = Acoelomorpha

Xenoturbellida + Acoelomorpha = Xenacelomorpha



THEMOLECULAEBRA




Linus Pauling

J. Theoret. Biol. (1965) 8, 357-366

Molecules as Documents of Evolutionary History

EMILE ZUCKERKANDL AND LINUS PAULING

Zuckerland

and Pauling 1965



Molecular: 18S
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Molecular: 18S

Evidence from 18S Ribosomal DNA That
the Lophophorates Are Protostome Animals

Kenneth M. Halanych, John D. Bacheller,
Anna Marie A. Aguinaldo, Stephanie M. Liva,

David M. Hillis, James A. Lake Halanych et al, 1995

Evidence for a clade of
nematodes, arthropods

-and other moulting animals

' Anna Marie A. Aguinaldo*, James M. TurbevilleT,

' Lawrence S. Linford*, Maria C. Rivera®,
| James R. Garey:, Rudolf A. Raff; & James A. Lake*

Aguinaldo et al, 1997
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Long Branch Atraction
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Avoiding LBA
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Should we be worried about long-branch attraction in real data
sets? Investigations using metazoan 185 rDNA
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Lophotrochozoa internal phylogeny: new insights
from an up-to-date analysis of nuclear
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Jordi Paps, Jaume Baguia and Marta Riutort™
Departament de Genetica, Universitat de Barcelona, Avenida Diagonal, 645, 08028 Barcelona, Spain




Avoiding LBA

1. Use methods less sensitivelt8A such asL or Bl
A Use models less sensitive tBA
A In the case of AA and Bl, use CAT over LG

GTR
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Avoiding LBA
1. Use methods less sensitivelt8A such asL or Bl

2. Model modifications(Gammadistribution, covarion, recoding)
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Gamma distribution
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Heterotachy& Covarion
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Recoding
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Giacomelli et al, 2022



Recoding

:—0(\/\
nawrce =

COMMUNICATIONS

ARTICLE X
https//doi.org/10.1038/541467-021-22074-7 OPEN

Evidence for sponges as sister to all other animals
from partitioned phylogenomics with mixture
models and recoding
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Six-State Amino Acid Recoding is not an Effective Strategy to Offset Compositio:
Heterogeneity and Saturation in Phylogenetic Analyses
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Avoiding LBA
1. Use methods less sensitive t8A such a$iL or Bl
2. Model modifications(Gammadistribution, covarion, recoding)

3. Using theshortest branched representativesvailable for each
phyla (Relative Rate Test)
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Species 1
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Avoiding LBA

. Use methods less sensitiveliBA such adviL or Bl

Model modifications(Gammadistribution, covarion, recoding)

. Using theshortest branched representativesvailable for each
phyla (Relative Rate Test)

. Usewidest taxon samplingvithin the long branch group



Long Branch Atraction
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Avoiding LBA

. Use methods less sensitiveliBA such adviL or Bl

Model modifications(Gammadistribution, covarion, recoding)

. Using theshortest branched representativesvailable for each
phyla (Relative Rate Test)

Usewidest taxon samplingvithin the long branch group

. Useclosely related outgroups



Long Branch Atraction
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Molecular: 18S

Acoel Flatworms: Earliest
Extant Bilaterian Metazoans,
Not Members of Platyhelminthes

Ifaki Ruiz-Trillo,” Marta Riutort,” D. Timothy ]. Littlewood,?
Elisabeth A. Herniou,? Jaume Baguna®*

Marta
Riutort

Ruiz -Trillo et al, 1999
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Avoiding LBA

. Use methods less sensitiveliBA such adviL or Bl

Model modifications(Gammadistribution, covarion, recoding)

. Using theshortest branched representativesvailable for each
phyla (Relative Rate Test)

. Usewidest taxon samplingvithin the long branch group

. Useclosely related outgroups

. Compartmentalizgoroblematic lineages (extremely long
branches)
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Acoels nemertodermatids andxenoturbellids

Acoela + Nemertodermatida = Acoelomorpha
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Taxon sampling In18S

Cladistics 14, 249-285 (1008)
WWW http: //www.apnet.com
Article No. 1980070

Zrzavy etal, 1998
MP: 18S + Morphology
151 seqgs
28 phyla bilaterians
Consensus sequences

Phylogeny of the Metazoa Based on Morphological
and 18S Ribosomal DNA Evidence

Jan Zrzavy'?, Stanislav Mihulka', Pavel Kepka', Ales Bezdéek!?,
and David Tietz!

Syst. Biol. 49(3):539-562, 2000

Triploblastic Relationships with Emphasis on the Acoelomates and the Giribet et al' 2000
Position of Gnathostomulida, Cycliophora, Plathelminthes, POY: 18S + Morphology
and Chaetognatha: A Combined Approach of 18S rDNA 147 spp

Sequences and Morphology 28 phyla bilaterians

GONZALO GIRIBET,® DANIEL L. DISTEL,2 MARTIN PoLZ,?® WOLFGANG STERRER,*
AND WARD C. WHEELER!

EVOLUTION & DEVELOPMENT 3:3, 170-205 (2001)

Peterson & Eernisse ., 2001

Animal phylogeny and the ancestry of bilaterians: inferences from MP: 18S + Morphology

morphology and 18S rDNA gene sequences 304 segs

28 phyla bilaterians
AAGGO removed

Kevin J. Peterson and Douglas J. Eernisse*
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Avoiding LBA

. Use methods less sensitiveliBA such adviL or Bl

Model modifications(Gammadistribution, covarion, recoding)

. Using theshortest branched representativesvailable for each
phyla (Relative Rate Test)

. Usewidest taxon samplingvithin the long branch group

. Useclosely related outgroups

. Compartmentalizgoroblematic lineages (extremely long
branches)

More data!!!
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New markers
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New markers

Il sequences corroborates that Acoela and
Nemertodermatida are basal bilaterians

l. Ruiz-Trillo*, J. Paps®, M. Loukota®, C. Riberat, U, Jondslius®, J. Baguia®, and M. Riutort™s

A phylogenetic analysis of myosin heavy chain type

Ruiz - Trillo et al, 2002
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Combined large and small subunit ribosomal RNA
phylogenies support a basal position of the
acoelomorph flatworms

Maximilian J. Telford", Anne E. Lockyer2?, Chloé& Cartwright-Finch!
and D. Timothy J. Littlewood?

J Mol Evol (2004) 58:252-268

DOL: ](].](](][?_.-'50(]239-{](].1-2548-9 JOURN‘LOFH?EUVLDEELI"ITHGE Telford et al, 2003
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Lophotrochozoa internal phylogeny: new insights

from an up-to-date analysis of nuclear
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Orthology concerns
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