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Origin of Multicellular Animals

Individual
N | S choanoflagellate

. Choano-
flagellates
OTHER
EUKARYOTES Sponges
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Collar cell

choanocyte)
Other ) (
animals _pdid

e Morphological and molecular evidence points to
choanoflagellates as the closest living relatives to animals
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Animal Origins
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Ichthyosporea
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Ediacaran biota

e Ediacaran biota (560 million years ago) composed by

multicellular organisms. Strong debate about their
nature: animals or not?
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(a) Mawsonites spriggi (b) Spriggina floundersi
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The Cambrian explosion (535 to 525 Mya): sudden
fossil appearance of all the major groups of extant
groups animals

/v.'

T RS R RAA ST
- bt SN

9 Burgess shale |
M LT




Public

When?

A (55) M (63)B (64) D (82)P
b \ A e
~— N — H
o T I
Strategy 1 ) ==
] 1 et .
] L= _—
| | =
] i
rﬁﬁ
e e ————
I} L —_— e e ————— o —
Strategy 2 i
’l’ II, / [ =

Strategy 3

Strategy 4 ——

Porifera
—— Placozoa

T~ Cnidaria
g™ Deuterostomia

Protostomia

l Cryogenian | Ediacaran [ € J ofs|[o [ c|[r| 1]y | « [rg|n|
T T T T 1 T T T 1
800 700 600 500 400 300 200 100 0 Time (Ma)
p Calibration densities
wn{  Metazoa (55) s  Bilateria (63) A s { Deuterostomia (64) wx 4  Protostomia (82) /%
| e e, SN oo
800 700 600 | 500 ) 80 700 ) 800 500
c Prior densities
— Metazoa (55) - m: Deuterostomia (64) - Protostomia (82)
002 002 4 002 -
o0 i o0 o 500
D Posterior densities
L0y Metazoa (55) L2 Bilateria (63) 0% 1 Deuterostomia (64) 0%+ Protostomia (82)
0.00 4 oon: ooo: 000 4
800 700 600 500 800 700 600 800 700 600 500 800 700 600 500

Animal Origins

833-650 Ma

Dos Reis et al 2015






Triggers




Environment ’m

Stages 5
1 2 3 4 5 {\\"(\
0.5 ?
. ~
04 ©
lll o )
TE &°
o @
o N
E = \z
<% 02 |— 0
6D
0(\%
01— —
7
] | [ :

Public



Triggers
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Genome

How to make a baby...
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Genome

Development converts info from 1D (DNA) to 4D
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Signaling receptors and ligands
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Differential gene expression

time



Genome

Signalling pathways: cell communication
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Signalling pathways: Wnt
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Genome

WNT signaling activation '
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WNT-PCP pathway
(noncanonical)
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//;l;/ Transcription Factor myoD Other muscle-specific genes
s DNA i = 1

Embryonic

precursor cell OFF OFF

Copyright © 2008 Pearson Education, Inc., publishing as Pearson Benjamin Cummings.
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Transcription Factors (TFs): Hox genes |
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Genome

Transcription Factors (TFs): Hox genes |
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Learn genetics

Dragonly Mosquito
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http://learn.genetics.utah.edu/content/basics/hoxgenes/
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Cell cycle

Cell division

© 2013 Encyclopaedia Britannica, Inc.

time
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Programmed cell death: apoptosis

Interdigital tissue
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Genomic Novelties | OldvsNew
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Animals
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Ichthyosporea

Fungi
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COMPARE GENOMES TO

PROFILE THE ROLE OF NOVELTY
IN ANIMAL ORIGINS
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Define groups
of homologous
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Map genes
distribution
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BIKONTA

Apusozoa

istidae

Py lla patens
Selaginella moellendorffii
Amborella trichopoda
Arabidopsis thaliona®
Chromeoalveolata E i ol
Bigelowiella natans
Reticulomyra filosa®

Plantae

Rhizana

Holomycota

Ther amonas trahens™

Nucleariidae Fonicula alba

AMORPHEA

Ichthyosporea

| Spizellomyces punc fatus
Allomyces macrogynis
lelg_rl_: Saccharomyces cerevisine®

Sphasroferma arctica

Opisthokonta

Filasterea

L— Creolimeax fragrant issima

Choanoflagellata

Holozea

o

Capsaspora owe zarzald
— Monesiga brevicollis
L Salpingseca rosstta

Ponfera

Amphimedon queensiandica

Ctenophora

L Oscarella carmela
—— Muemiopsys leidyi

Placozoa

L— Plewrobrachia bachei
Trichople adhasrens

Cnidana

Nematostella vectensis®
|_: Acropora digitifera

Metazoa |

BILATERIA|

L Hydra magnipapillaia
Rofifera

Adinsta vaga
Gyrodacty lus salaris™®

Plat}felminthcs Se histosoma japonicum
— Schistosoma mansoni*
LOPHOT[ROCHPZOA

Hymenolepis microstoma
—E Echinococcus granulosis
Echinococcus multilocularis

Crassostrea gigas®
M{}HHEE Pinctada fucata

Leottia gigantea
Capitella teleta

F': Helobdella robusta

Annel

Trichinella spiralis

Nematoda Romanomermis culic iverax
Casrnorhabditis elegans®
Brugia malayi

ECDYSOZOA]

Strigamia maritima
Me sobut hus martensii

Arthropoda

I Stegodyphus mimosarum®
I_: Irodes scapularis
Daphnia pulex
Zootermaopsis nevadensis
Tribodium ¢ astaneun
Dirosophila melanogasier™

Hemichordata —Saccoglossus kowalevskii

Echinodemata—— Strongy locent rot s purpurais®

DEUT

[EROSTOMIA|
Chordata

B rane hiostoma floridas
Ciona intestinalis

|_|_: Ciona savygni
Botryllus schiosseri
L

Qikoplewra disica
Danio rerio®
Xenopus ropicalis
Gallus gallus
Anolis carolinensiz
Homo sapiens*

Animals Origins

62 Genomes
13 metazoan phyla
10 outgroup lineages



Animal root: spongctenophorifera
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Pipeline

Homology assignment l

Speed Accuracy Ortholo Paralo
Phylostratigraphy 4+ + None
one spp query (assumes one-to-one)
one-way BLAST
Reciprocal Best BLAST ++ + - BLAST e-value (i.e. Inparanoid)
All spp vs all Gene trees
Two-way BLAST
RBB/RBD/RBH...
Reciprocal BLAST + HMM | + + -+ BLAST e-value (i.e. OrthoMCL)
All spp vs all Gene trees
Two-way BLAST

MCL

Public
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Pipeline
| -

4 Re C-\proca

v 4
Best BLAST

Markov Clustering }
*2,000,000,000,000 one vs one comparisons

1,500,000 genes in the 62 genomes
268,440 homology groups (HG)
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Why no orthology/paralogy?

Pipeline

Assymetric evolution

(b)

species 2

gene Y-species |

(a) species |

gene Ya ]

by

duplication

(c)

> species 2

|
gene Yb J

gene Y-species |

speciation

5
[

|

gene Ya

|
|
:;: species 2
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Homeobox Superfamily
Class ANTP

Subclass HOXL

Family Hox1

Pipeline

*All human genome: 9,415
homology groups

*All fruit fly genome:
7,681 homology clusters

Public

Classes Families
HOXL subclass
Cdx(22) Evx(17) Gbx(15) Gsx(13) Hox1(21) Hox2(13) Hox3(25)
Hox4(24) Hox5(19) Hox6-8(55) Hox9-13(15%(96) Meox(14) Mnx(15) Pdx(6)
NKL subclass

ANTP(767) | Abox(5) Ankx(1) Barhl(16) Bari(4) Barx(10) Bsx(10) Dbx(15)
Dix(35) Emx(22)En(19) Hhex(10)  Hk(9) Hx(1) Lbx(14)
Les(l)  Msx(22) Msxlx(3) Nanog(15)  Nedx(5) Nk1(17) Nk2.1(18)
Nk2.2(15) Nk3(14) Nk4(19) Nk5/Hmx(25) Nk6(19) Nk7(4) Noto(10)
Ro(5)  Tk(19) Vax(12) Ventx(18)
Alx(16) AprdA(1)  AprdB(1) AprdC(1) AprdD(2)  AprdE(1) Argfu(3)
Ars(14) CG11294(3)Dmbx(8) Dprx(8) Drex(9) Dux(42) Esx(2)

PRD452 Gsc(14) Hbn(3) Hesx(5) Hopx(5) Isx(5) Leutx(1) Mix(T)

(438) Nobox(5) Obox(36) Otp(12) Owx(24) Pax2/5/8(12) Pax3/7(24) Pax4/6(24)

Phox(17) Pitx(20)  Prop(8) Prrx(14) Rax(14)  Repo(4) Rhox(39)
Sebox(3) Shox(12)  Tpma(5) Uncx(16) Vsx(18)

LIM(104) | Isl(14) Lhx1/5(17) Lhx2/9(19) Lhx3/4(15) Lhx6/8(18) Lmx(21)

POU(112) | Hdx(6) Poul(6) Pou2(24) Pou3(29) Poud(21) Pous(12) Poub(15)

HNF(23) | Ahnfe(1) Hmbox(10) Haf1(12)

SINE(48) || Six1/2(18) Six3/6(17) Six4/5(13)

TALE(147) | Atale(1]Trx(44)Meis(23) Mix(8) Pbx(29) Pknox(14) Tgif(28)

CUT(58) | Acui(1) Cmp(5) Cux(17) Onecut(24) Satb(11)

PROS(16) | Prox(16)

ZF(83) Adnp(9) Azth(1) Tshz(16) Zeb(14) Zfhx(21) Zhx/Homez(22
Cers(26)

CERS(26)

Zhong and Holland 2011




Pipeline

Complete
genomes

Define groups
of homologous
genes

Map genes
distribution
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Phylogenetically-Aware Parsing Script

Eri—l jord O-para
Tree:

Eukaryota

Acropora digitifera (Rdig) => 24
Nematostella_vectensis_[Nvec) => 23

Oscarella carmela (Ocar) => 19

EZmphimedon gueenslandica (Rque) => 18

Branchiostoma floridae (Bflo) => 52

Botryllus schlosseri (Bsch) => 55
Ciona intestinalis (Cint) => 53
Ciona savygni_ (Csav) => 54
Oikopleura diocica (0dio) => 56

Anolis carolinensis_ (Rcar) => 60
Gallus gallus (Ggal) => 59

Danio rerio_(Drer) => 57

Homo sapiens (Hsap) => 61

Strongylocentrotus purpuratus (Spur} => 51

Caenorhabditis elegans_ (Cele) => 40
Brugia malayi (Bmal) => 41

Romanomermis culicivorax (Rcul) => 39
Trichinella spiralis (Tspi) => 38
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Types of gene groups

Ancestral HG

-

s

Novel Core HG

>

7/

Novel HG

-

o)

e/




Limitations Pipeline

*Based on protein-coding genes, neglecting the role of non-coding
genes (e.g., non-coding RNAs), transposable elements, and
regulatory elements (e.g., enhancer, promoters, etc.).

*Based on BLAST, ignoring gene fusions and fissions, alternative
splicing, etc. Limited to the detection power of the algorithm.

*Robust taxon sampling, but still far from complete.

Public



THE GENOME OF THE FIRST

ANIMAL




Clade

Ancestral

Public

Holozoa

Metazoa

Metazoa

6331

Animal results

Deuterostomia (12 species)

M o9~

Ecdysozoa i 12)

N ]

Lophotrochozoa (12)

Cnidaria (3)‘l'

Placozoa (1) -
Ctenophora (2) » Wi

Porifera (22 _,

Choanoflagellata (2)

Filasterea (1) %

Ichthyosporea (2)
Holomycota (4).

Apusozoa (V
e \ .

Out'groupé (8) \




Animal results




Animal results

6331 homology groups in the first animal

Gene regulation

H nucleic acid binding (PC00171)

® hydrolase (PC00121)

® M eta bo I i S m ) o transferase (PC00220)

m oxidoreductase (PC00176)

M transporter (PC00227)

B enzyme modulator (PC00095)

W transcription factor (PC00218)

M receptor (PC00197)

M cytoskeletal protein (PC00085)

M signaling molecule (PC00207)

H ligase (PC00142)

M calcium-binding protein (PC00060)

u transfer/carrier protein (PC00219)

M membrane traffic protein (PC00150)

1 extracellular matrix protein (PC00102)
lyase (PC00144)

M isomerase (PC00135)

m chaperone (PC00072)

H cell adhesion molecule (PC00069)

B defense/immunity protein (PC00090)

M cell junction protein (PC00070)

*60% of modern human
and fruit fly genes descend
from these homology .
H storage protein (PC00210)
. gI‘OU pS. m viral protein (PC00237)

Public

B transmembrane receptor regulatory/adaptor
protein (PC00226)
M structural protein (PC00211)




Clade

Ancestral

Public

Animal results

Deuterostomia (12 species)

Bilateria

M o9~

Metazoa
Planulozoa
8433
Eumetazoa
4910
Metazoa

Holozoa
Node 2
4883
Node 1
4182
Holozoa
3878

6331

9337

Ecdysozoa i 12)

N ]

Lophotrochozoa (12)

Cnidaria (3;"

Placozoa (1)‘.
Ctenophora (2). e

Porifera (2 =|

Choanoflagellata (2) f

Filasterea (1) %

Ichthyosporea (2)
Holomycota (4).

Apusozoa (V
e \ .

Out'groupé (8) \




Evolution of Ancestral HG | Animal results

20

18

1

(o))

1

S

1

N

1

o

oo

)]

S

N

Animals
nucleic acid hydrolase transferase oxidoreductase transporter enzyme transcription receptor cytoskeletal signaling
binding (PC00121) (PC00220) (PC00176) (PC00227) modulator factor (PC00218) (PC00197) protein molecule
(PC00171) (PC00095) (PC00085) (PC00207)
H Opisthokonta Holozoa ® Node1l Node2 H Metazoa HEumetazoa HPlanulozoa M Bilateria P Drosophila melanogaster H Homo sapiens]




A GENOMIC EXPLOSION OF

NOVELTY




Clade

Novel

Public

Holozoa Metazoa
Bilateria
1580
Planulozoa
1201
Eumetazoa
494
Metazoa

© Z

1189

Node 2
399
Node 1
340
Holozoa
389

Animal results

Deuterostomia (12 species)

M o9~

Ecdysozo%%
B

Lophotrochozoa (12)
e

Cnidaria (3)‘l'

Placozoa (1) '
Ctenophora (2) s

Porifera (ZM 4
Choanoflagellata (2) f
Filasterea (1) * |
Ichthyosporea (2)
Holomycota (4).

Apusozoa (V
Qe _7 ‘ *

Out'groupé ®) |

g




Animal results

Animals

I

O 0 O T N O O S N O
[t I R B B B |

9Woua3 ay3 Ul DH [9A0U JO %

% Novelty
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Protein Class GO number of hits

90

80

70

60

50

40

3

o

2

o

1

o

Number of hits in Novel HG

per GO category

nucleic acid  transcription signaling receptor transporter hydrolase
factor molecule (PC00197) (PC00227) (PC00121)
(PC00171) (PC00218) (PC00207)

binding

H Holozoa

Node 1 (Filasterea + Node 2)

H Node 2 (Choanoflagellata + Metazoa)

enzyme
modulator
(PC00095)

B Metazoa

oxidoreductase
(PC00176)

B Eumetazoa

chaperone
(PC00072)

H Planulozoa

Animal results

extracellular
matrix protein
(PC00102)

H Bilateria

structural
protein
(PC00211)



25 ESSENTIAL NEW ANIMAL

HOMOLOGY GROUPS




Clade
Holozoa
Novel
essential
*‘o
Node 2
Node 1 4
Holozoa 4
5

Public

Metazoa
Bilateria
Planulozoa 0
Eumetazoa 1
Metazoa 3
25

Animal results

Deuterostomia (12 species)

M o9~

Ecdysozoa i 12)

N ]

Lophotrochozoa (12)

Cnidaria (3)‘l'

Placozoa (1) el
Ctenophora (2)

Porifera (2 =|

Choanoflagellata (2) f

Filasterea (1) %

Ichthyosporea (2)
Holomycota (4).

Apusozoa (V
e \ .

Out'groupé (8) \




Summary of metazoan novelties

8 HG involved in signalling pathways

Signalling pathways

Fruitfly genes examples

Animal results

Wnt

Wnt
Frizzled
pangolin/TCF-LEF

armadillo/beta-catenin

wingless
frizzled, smoothened
pangolin

armadillo

TGF-Beta/BMP

Public

TGF-Beta/BMP
SMAD

TFG-Beta Receptor
MAPKKK

decapentaplegic, screw, activin beta
mothers against decapentaplegic
punt, saxophone, wishful thinking

sunday driver



N

Wnt and TFG-Beta | Animelresus

METAZOA
SHRi EUMETAZOA
FLAGELLATES | SPONGES | CNIDARIANS BILATERIANS‘

eumetazoan LCA
Wnt and TGF-B
patterning two axes

metazoan LCA
Wnt and TGF-
patterning one axis

origin of metazoan
multicellularity and embryogenesis

Adamska et al 2007 \




Public

Animal results

Signalling pathways: Wnt

WNT signaling activation

Canonical WNT
signaling

WNT-PTH
crosstalk

Wnt Ligand
p-catenin
GPCR receptor of stabilization
. Whnt, B
Frizzled activates Dishevelled :
in cytosol
release
Armadillo/beta| Transiocation to fynlggglﬁs
-catenin nucleus
Pangolin
Gene activation
LEF/TCF

WNT-PCP pathway

PPAR-y RUNX2 NFATct

(noncanonical)

ROCK

Cell movement
and tissue polarity

\

(in osteoclasts)

v Bone resorption

4 Bone formation ]

4 Bone formation
4 Bone resorption




TGF-8/ BMP
Growth
differentiation
factor / inhibin /
myostatin

Cell signalling proteins,
involved in growth,
development, tissue
homeostasis and immune
system. Cellular processes in
adult and embryo (cell growth,
differentiation, apoptosis,
cellular homeostasis...),
growth factors such as
cytokines and as
metabologen.

TGF ligands bind to a type Il
receptor -> phosphorylates
a type | receptor ->
phosphorylates receptor-
regulated SMADs (R-SMADs)
which can now bind the
coSMAD SMAD4 -> R-
SMAD/coSMAD act as TFs in
the nucleus

TGF-Beta / BMP

TGF Beta Recept
| Activin Recept /
BMP Recept

Transmembrane receptor

SMAD

Signal transductor of
extracellular TGF beta
ligands)

MAP kinase
kinase kinase
(MAPKSIP3,
Sunday driver)

serine/threonine-specific
protein kinase, JNK

Animal results




Summary of metazoan novelties | Animal results

7 HG comprising Transcription Factors

Transcription Factors Fruitfly genes examples
* NKL subclass of the ANTP : :
tinman, distalless, ems
Class

Homeobox SIX Class sine oculis, optix

 POU Class pou proteins, nubbi, ventral veins lacking

* hes/hairy hairy, hey, deadpan, clockwork orange
bHLH * bHLH-PAS single-minded, spineless, trachealess

e twist/hand twist, hand, target of Poxn, taxi, atonal

* ETS ets65A, anterior open, pointed

Public



Homeobox

genes

Animal results

Public

Classes Families
HOXL subclass
Cdx(22) Evx(17) Gbx(15) Gsx(13) Hox1(21) Hox2(13)Hox3(25)
Hox4(24) Hox5(19) Hox6-8(55) Hox9-13(15)(96) Meox(14) Mnx(15) Pdx(6)
WKL subclass

ANTP(767) 1 Abox(5) Ankx(1) Barhl(16) Bari(4) Barx(10) Bsx(10) Dbx(15)
Dix(35) Emx(22)En(19) Hhex(10)  Hk(9) Hx(l) Lbx(14)
Lex(l)  Msx(22) Msxlx(3) Nanog(15)  Nedx(5) Nk1(17) Nk2.1(18)
Nk2.2(15) Nk3(14) Nk4(19) Nk5/Hmx(25) Nk6(19) Nk7(4) Noto(10)
Ro(5)  Tk(19) Vax(12) Ventx(18)
Alx(16) AprdA(1)  AprdB(1) AprdC(1) AprdD(2)  AprdE(1) Argfx(3)
Arx(14) CG11294(3)Dmbx(8) Dpra(8) Drex(9) Dux(42) Esx(2)

PRD452 Gsc(14) Hbn(3) Hesx(5) Hopx(5) Isx(5) Leutx(1) Mix(7)

(458) Nobox(5) Obox(36) Otp(12) Owx(24) Pax2/5/8(12) Pax3/7(24) Pax4/6(24)

Phox(17) Pix(20)  Prop(8) Prrx(14) Rax(14)  Repo(d) Rhox(39)
Sebox(3) Shox(12)  Tpmx(5) Uncx(16) Vsz(18)

LIM(104) | Isi(14) Lhx1/5(17) Lhx2/9(19) Lhx3/4(15) Lhx6/8(18) Lmx(21)

IPDU(IIE) Hdx(6) Poul(6) Pou2(24) Pou3(29) Poud(21) PouS(12) Pout(15)

HNF(23) | Ahnfs(1) Hmbox(10) Haf1(12)

|SH\"E(=1 8) || Six1/2(18) Six3/6(17) Sx4/5(13)

TALE(147) || Atale(1) Irx(44) Meis(23) Mkx(8) Pbx(29) Pknox(14) Tgif(28)

CUT(58) || Acui(1) Cmp(5) Cux(17) Onecut(24) Satb(11)

PROS(16) | Prox(16)

ZF(83) Adnp(9) Azfh(1) Tshz(16) Zeb(14) Zihx(21) Zhx/Homez(22

CERS(26) | Cers(26)

d Holland 2011



Animal results

Transcripts polyadenilation

+ Cytoplasmic Polyadenylation Element Binding (CPEB) Binds the polyA tail of mRNA and

Cell adhesion regulates their translation
* Alpha-catenin Activation of the integrin pathway and
e Fermitin other cell-extracellular matrix interactions
— via focal adhesions

* Liprin

Cell cycle
* RUN
« MADD/GEF

Receptors

* Nuclear Hormone Receptors
* Neurotransmitter Receptors

Synaptic exocytosis

» Calcium activated protein for secretion (CAPS) Regulate the fusion of vesicles with the

e Rab3-interacting molecules (RIM) cell membrane, neuroendrocine cells and
presynaptic neurons respectively

- /

Public




Old vs new | Animal results

| V 4 | S 4 | V 4 I 7 S
| N
7\ .
SR g ‘ = Animal = ’15
/ Animals __ it Animals QM
Animal '
genes
Choanoflagellata Choanoflagellata
- —

Filasterea = —F i |asterea
ot o — — —Corallochytrrum o = == == mCorallochytrium
- Ichthyosporea = Ichthyosporea .

FUNGI

FUNGI
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ANIMAL ORIGINS:

STEW VS POPCORN




Popcorn vs Stew

Deuterostomia (12 species)

M o9~

Ecdysozoa i 12)

Lo hotrochozoa (12)
A

Stew

Metazoa

*If genes birth is constant in time...

...then it took longer time?

v v v v v Cnidaria (3)‘l'

Placozoa (1) el
Ctenophora (2) .

v Porifera (2 =| H
v Choanoflagellata (2) f

v Filasterea (1) %

Ichthyosporea (2)
Holomycota (4).

Apusozoa (1)/
e \ .

Out'groupé (8) \
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Popcorn vs Stew

Deuterostomia (12 species)

M o9~

Ecdysozoa i 12)

Lo hotrochozoa (12)
A

Cnidaria (3)‘l'

Placozoa (1) el
Ctenophora (2).
v Porifera (2% T
v Choanoflagellata (2) f
v Filasterea (1) %

Ichthyosporea (2)
Holomycota (4).

Apusozoa (1)/
e \ .

Out'groupé (8) \

Stew

Metazoa

*If genes birth is constant in time...

Public



Stew

FML LG
CAT-Poi/ ML LG+i+(
ol

AT-Po Te

583

Trees do not seem

Popcorn vs Stew

Lottia glgantea Metazoa
Capitella teleta

Tribolium castanecm
Daptida pulex
Xenopus tropicalis
Branchiostoma fondse
Saccoglossus kowalewvski
Hydra magnipapillata
Clytia hemisphaerica
Nemaltostella vectensis
Acropaora digitifera

Trichoplax aghasrens

Sycon coacturm

o.ra s

S0 Amphimedon queenslandica

to support a longer

1/ 56

Oscarella sp.

period of time,

but substitution

saturation may
mask it.

173

Mnemiopsis leidyi
Salpingoeca sp. ATCC 50788
Craspedida sp. ATCC 50635
Salpingoeca sp. ATCC 50925
Salpingoeca roseltta
Saipingoeca infusionum
Monasiga brevicolis
Helgoecs nana
Didymoeca costata
Ministeria vibrans
Capsaspora owczarzakl
Ichthyophonus hoferl Alaska
Ichthyophonus hoferi Washington
Amoebidium parasiticum
_+' Sphasroforma arclica
L Creofimax fragranfissima

. Choanoflagellatea

Filasterea

e "Teretosporea"

lehthyosporea

038/ -

1192

08T /- E

'y — Pirum gemmata
o = Abeoforma whisteri
— Sphaerathecum destruens

Phanercchaste chrysosponium Dikarya

Cryplococcus neoformans

Ustilago mayois
Rhizopus oryzae o
Mucor circinelloldes zygnmyc ta
Phycomyces blakesiseanus
Mortierella alpina

Rhizophagus imegulans
Coemansia roversa

s +Cmi’lochrh'l’um limacisporum India
f
Sclerotinia sclerofiorum
) I Lichithaimia hyalospora
Conidiobolus coranalus

Corallochytrium limacisporum Hawaii
L Schizosasccharomyces pombe
Saitoella camplicals
Mortierella verficilata
Catenaria anguillilag

Blastocladiomycota

@ 093- i j - Biastocladiels emersonii
50 -E.' Allomyces Macrogynus "
; Piromyces sp. Neocallimastigomycota
0.55 Gonapodya profifera
E im| - Spizellomyces punclatus Chytridiomycota
% Balrachochytrivm dendrobatidis
Encephalitozoon inlestinales pas i
o J_—ﬁ“?:'z: Antonospors focustse. | Icrospeiidia
087/ - _I 0.82 /70 L ee ~ Nematocida parisii
Rozeia aliomycis Cryptomycota
— Nuclearia sp. ATCC 50694
£ Fanticila alba

Public

Torruella et al 2015 \




Popcorn vs Stew

Deuterostomia (12 species)

M o9~

Ecdysozoa i 12)

Lo hotrochozoa (12)
A

Popcorn

Metazoa

*If genes birth is constant in time... '

...then there was less gene
death (higher retention?)

Cnidaria (3)‘l'

Placozoa (1) [ ad
Ctenophora (2) .

Porifera (2 )‘

Choanoflagellata (2)

Filasterea (1) %

Ichthyosporea (2)
Holomycota (4).

Apusozoa (1)/

Out'groupé (8) [

\# S |
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Popcorn vs Stew

Deuterostomia (12 species)

M o9~

Ecdysozoa i 12)

Lo hotrochozoa (12)

Popcorn

Metazoa

‘Maybe genes birth is NOT
constant in time...

...and there was an
increase of gene gains?

Cnidaria (3)‘l'

v Placozoa (1) [ ad
Ctenophora (2) .

v Porifera (2& I

Choanoflagellata (2)

v Filasterea (1) %

v Ichthyosporea (2)
Holomycota (4).
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To sum up Conclusions

*The reconstruction of the first animal genome shows a (boring)
list of 6381 homology groups. Predominant functions include gene
regulation and metabolism, its composition is similar to other LCA
and modern metazoan genomes.

*The origin of animals, compared to other nodes, shows a surge in
the level of gene novelties, specially for gene regulation.

*There is a core set of 25 homology groups, never lost since the
origin of animals, formed by some iconic systems (i.e. Wnt, Nk
homeobox), but also by other novel genes never linked before to
animal origins with relevant functions related to multicellularity.

Public



P & C .
Plantae Protista Amnimmalia
T —— T = ’_‘—_//AJ ——__\
y])r;(o - L s -
_ Cormophyta myvcetes ~Spo g"l‘{ﬁu S - VM N
Ani}l phu Pterido ia Py scxreerr I etro - spongiae ° Ar€i 1at Wl__&mnlotn .
= = 5 9o spongiae : ACILiata - N ~Flwrre -
Cregreensprerrreced L epratorfey tex Sterrroreetes 3 p Cix ey = T dves Frrexlrer.
P erxocarprecae. Zeyrergalor- -‘Syzzpéﬂffl 2 sporigias Aritllggoﬂa
Frlrce.s Frrcteres. Poellarzdea - TrEeFecta ]
oy rzzreo- 7 s Crerstacoer LfLepr b
,aszqp}i‘y&z 5. y i SEL et - Lécx
Botherecorrede _
T i rwreriler SO Vermes <
Arerre - ) i
Cervato- ,,,dm Anammia .
n d Rhizppoda Lo {Botal rrepo 7eis
oyl Y ( Fucoideae A = ) e 5
Brver -y Saryasseaceas i reee L ¥yxco- 1Stole .
2 ; et . Fctempoplrryicler : sproregrenel crer-
ryeE A Ay ttarie- i Irefre - 4
» _/ CHrorrderr—zer ~ 2 . ‘ Ssorza- A " . o
S - L2y tFrce derrreze Y
7 M. N7 A Monor— A
/. Flagellata Myxooye N} N N
/ Florideae ! \ Perrcdirerierrz. toda. Echino=-"%_ 17 - :
Sl caervcoccasten Feegplerecr= - AGets dermata Zoeprtor
1ALL 2 i } -y Zercere TCT Al Ve "'p,- Aree 7
' ,,-»"/ — Cyrarizaoecee, \/ [ Il olotlirer-core k|
/),‘ 2 - 3. R el rrr i eler - "
4 ceae 40, ; Lrzrzosaler 19
i - ) \ wdsterider 4
4 4 Protoplasta Mollusca \
! ,.J_?IOE A X (Diatomeae ) ) Arcezioe 16. Cte =
e 7.4 y =] & 4 Gregeaririae Fece-.
e "4 Y, ZE ¥ A Trrtcrrreoeloa ——
4 eereg p r \ I Tttatar S 4 /j Frrrocebae ) \ -
7~ \ Streazdere/” / 2. 4 S \ Him=a
i g 4 : - 3 tega i
‘s \ 4L {f ] Coelente:= \
7 4/ 9y ' Moneres \ £ 4 Tata ..
- Lha 4 Trotogeries ! / \ ;.
Chrr/E. it [ Frotarrioeba. i actﬁzcrz&/)ﬁac “X‘ 1
ﬂ&frj/{d},ulll 1 Tz rr220 72, , P2t rcxeve — 3
Yostac 4 PProtorrortes 4 Lep e ’
VEdrco } 15. 7
1. ! A -
mn S ALY 16
2
I,Feld: pmn ( 79 Stcirrzrree)
H, Feld: p x ¥y q (3 Stamrne) Momnophyletischer
o, Feld: s t (# Stezresre ) ™ = S b O
feZZnre 3 i FlitZe ofer C O gy o1neres tammbaum der rga:nlsmen
renEversalery. ; 2eg e dear- . e s autogonum eretiwory/Er wnd gezerckhrriel vore
Organismorum J Errist Haeckel . Jerra, 7566
s L d




