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Genome data are accumulating
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- Major lineages => purposeful taxonomic sampling.
- Genome data are scattered among databases. 
- Gene functions are not known in non-model organisms.
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Inferring functions using orthologs

Given that orthologs are genes derived by speciation, 
they are used to infer gene functions, as the first step. 
However, 
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Inferring functions using orthogroups

Orthogroup clearly shows candidate function.

Fruitfly_A2

Other genes
=> Considering Tunicate and Human,
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a set of genes derived from 
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Aim

- No tool for inferring gene functions based on gene trees.

ORTHOSCOPE

- Genome data are scattered among databases.

A web tool for infer gene functions 
by identifying orthogroups.

Integrate databases (gene models).
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Orthogroup identification in ORTHOSCOPE
Candidate selection

BLAST Other animals
(Gene models)Tunicate_X vs

Gene tree
estimation

Comparison with
the species tree

NJ tree with identified orthogroup.NJ tree
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- With broadly accepted nodes, identify orthogroup.
- BS value of basal node for accuracy evaluation.
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ORTHOSCOPE database
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Metazoans

Parasteatoda tepidariorum
Centruroides sculpturatus

Pristionchus pacificus

Caenorhabditis briggsae

Schistosoma mansoni

Priapulus caudatus

Tetranychus urticae

Strongyloides ratti

Sarcoptes scabiei

Octopus bimaculoides

Lepeophtheirus salmonis

Loa loa

Ptychodera flava

Trichinella spiralis

Caenorhabditis brenneri

Oikopleura dioica

Mizuhopecten yessoensis

Notospermus geniculatus

Caenorhabditis remanei

Helobdella robusta

Strongylocentrotus purpuratus

Branchiostoma floridae

Caenorhabditis japonica

Adineta vaga

Crassostrea gigas

Onchocerca volvulus

Limulus polyphemus

Ixodes scapularis

Ciona intestinalis
Ciona savignyi

Acanthaster planci

Daphnia pulex
Daphnia magna

Strigamia maritima

Brugia malayi

Lingula anatina

Lottia gigantea
Biomphalaria glabrata

Capitella teleta

Saccoglossus kowalevskii

Phoronis australis

Stegodyphus mimosarum

Pinctada fucata

Crassostrea virginica
Aplysia californica

Caenorhabditis elegans

Branchiostoma belcheri

Hyalella azteca
Eurytemora affinis

Botryllus schlosseri

Nemertea

Chordates

Caenorhabditis

Crustacea

Pterioidea

Sea urchins

Arthropoda

Protostomes

Brachiopoda

Annelida Polychaeta
Clitellata

Lancelets

Gastropoda
Cephalopoda

Arachnida

Heterobranchia

Hexapods (> 35 spp)

Mollusca

Multicrustacea
Amphipoda

Trochozoa

Platyhelminthes

Acariformes
Xiphosura

Vertebrates (> 230 spp)

Spiralians
Rotifera

Spirurida

Ecdysozoans

Tunicates
Vertebrates

Branchiopoda

Conchifera

Bivalvia

Nematoda
Enoplea

Chromadorea

Priapulida

Deuterostomes

Pancrustacea

Copepoda
Calanoida
Siphonostomatoida

Chelicerata

Crassostrea

Araneae

Scorpiones
Parasitiformes

Sarcoptiformes
Trombidiformes

Acorn worms

Bilaterians

Mandibulata

Myriapoda

Nematostella vectensis

Amphimedon queenslandica
Trichoplax adhaerens

Saccharomyces cerevisiae
Sphaeroforma arctica
Capsaspora owczarzaki
Salpingoeca rosetta
Monosiga brevicollis

Orbicella faveolata

Hydra vulgaris
Thelohanellus kitauei

Mnemiopsis leidyi

Acropora digitifera
Stylophora pistillata

Exaiptasia pallida

Scleractinia

Metazoans Actiniaria Aiptasiidae
Edwardsiidae

Anthozoa Astrocoeniina Pocilloporidae
Merulinidae

Acroporidae

Cnidarians

Porifera
Placozoans

Ctenophores

Eukaryotes

Bivalvulida

Ichthyosporea

Salpingoecidae

Hydrozoa

Representatives
from major lineages
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Vertebrates

Octodon degus

Callithrix jacchus

Jaculus jaculus

Taeniopygia guttata

Bubalus bubalis

Peromyscus maniculatus

Rhinopithecus roxellana

Oryctolagus cuniculus

Rattus norvegicus

Macaca mulatta

Orcinus orca

Odocoileus virginianus

Pan troglodytes

Meleagris gallopavo

Lipotes vexillifer

Microcebus murinus

Papio anubis

Gorilla gorilla

Macaca nemestrina

Felis catus

Erinaceus europaeus

Bison bison bison

Propithecus coquereli

Mus pahari

Ictidomys tridecemlineatus

Capra hircus

Notamacropus eugenii

Dipodomys ordii

Chinchilla lanigera

Myotis lucifugus
Equus caballus

Manis javanica

Colobus angolensis palliatus

Tursiops truncatus

Pan paniscus

Ailuropoda melanoleuca

Cricetulus griseus

Otolemur garnettii

Saimiri boliviensis boliviensis

Mustela putorius furo

Macaca fascicularis

Anas platyrhynchos

Leptonychotes weddellii

Vicugna pacos

Canis familiaris

Nannospalax galili

Mus musculus

Bos taurus

Cercocebus atys

Sarcophilus harrisii

Chlorocebus sabaeus

Tupaia belangeri

Pteropus vampyrus

Mandrillus leucophaeus

Mus spretus

Rhinopithecus bieti

Sorex araneus

Carlito syrichta

Pongo abelii

Ovis aries

Nomascus leucogenys

Cavia aperea

Alligator sinensis
Alligator mississippiensis

Fukomys damarensis
Heterocephalus glaber

Ursus maritimus

Aotus nancymaae

Balaenoptera acutorostrata

Cavia porcellus

Ficedula albicollis

Cebus capucinus

Monodelphis domestica

Homo sapiens

Sus scrofa

Gallus gallus

Ceratotherium simum

Physeter catodon

Ochotona princeps

Ornithorhynchus anatinus

Camelus bactrianus

Homininae

Macaca

Hominoidea

Hylobatidae

Amniota

Scandentia

Colobinae

Perissodactyla
Pholidota

Felidae
Canidae

Mustelidae
Phocidae

Cebidae

Myomorpha

Dipodidae
Spalacidae

Heteromyidae

Cercopithecinae

Euarchontoglires

Caniformia

Bovinae

Rhinopithecus
Simiiformes

Hystricomorpha

Cercopithecidae

Insectivora

Platyrrhini
Aotidae

 TarsiiformesPrimate

Cetacea

Mysticeti

Cetartiodactyla

Marsupialia Didelphimorphia
Dasyuromorphia

Diprotodontia

Lagomorpha

Passeriformes Muscicapidae
Estrildidae

Gavialis gangeticus
Crocodylus porosus

Muroidea

Haplorrhini

Aves

Caprinae

Cebidae

Caviidae

Ursidae

Hominidae

Boreoeutheria

Phasianidae

Alligator
Crocodylia

Choloepus hoffmanni
Dasypus novemcinctusXenarthra Cingulata

Pilosa
Tubulidentata

Tenrecidae

Sirenia
Hyracoidea

Erinaceidae
Soricidae
Pteropodidae

Vespertilionidae
Equidae

Rhinocerotidae

Chiroptera

Theria

Camelidae
Suidae

Cervidae

Catarrhini

Muridae

Rodentia

Strepsirrhini
Galagidae

Ruminantia

Galloanserae Anseriformes

Odontoceti
Physeteridae

Lipotidae

Bathyergidae
Octodontidae

Chinchillidae

Sciuridae

Cricetidae

Mammalia

Monotremata

Eutheria

Lemuriformes Cheirogaleidae
Indriidae

Delphinidae

Leporidae
Ochotonidae

Bovidae

Carnivora

Glires

Laurasiatheria

Procavia capensis

Orycteropus afer afer

Loxodonta africana
Echinops telfairiProboscideaAfrotheria

Trichechus manatus

Anolis carolinensis
Pelodiscus sinensis

Pogona vitticeps
Tetrapoda

Archelosauria

Iguania Agamidae
DactyloidaeSauria

Durocryptodira
Testudines

Trionychidae

Chrysemys picta
Terrapene mexicanaEmydidae
Chelonia mydasCheloniidae

Actinopterygii

Xenopus tropicalis

Latimeria chalumnae
Nanorana parkeri

Python bivittatus

P. mucrosquamatus
Protobothrops flavoviridis

Callorhinchus milii

Thamnophis sirtalis

Petromyzon marinus

Gekko japonicus
Xenopus laevis

Rhincodon typus
Chondrichthyes Chimaeriformes

Orectolobiformes
Gnathostomata

Cyclostomata

ColubroideaUnidentata
Serpentes Pythonidae

Colubridae
Viperidae

Sarcopterygii

Xenopus
AnuraAmphibia

Coelacanthiformes

Lepidosauria
Gekkonidae

Ray-finned fish
Amphibians

Birds
Alligators
Turtles

Snakes
Iguanas

Sharks

Primates

Rodents

Mammals

Cetaceans

Ruminants

Carnivorans

Marsupials
Xenarthrans
Afrotherians
Insectivores
Chiropterans
Perissodactyls
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Use of gene models

The longest transcript from a single locus is used.

Gene ID Gene name Transcript ID Length
ENSG00000188782 CATSPER4 ENST00000338855 1516
ENSG00000188782 CATSPER4 ENST00000456354 1912
ENSG00000188782 CATSPER4 ENST00000518899 1831
ENSG00000181467 RAP2B ENST00000323534 8351
ENSG00000164458 TBXT ENST00000296946 2436
ENSG00000164458 TBXT ENST00000366871 2250
ENSG00000164458 TBXT ENST00000366876 1497
ENSG00000164458 TBXT ENST00000461348 902
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https://orthoscope.jp

Upload coding sequences (amino acid or DNA)

Coding sequences



12

ORTHOSCOPE analysis - 1

Genes enabled emergence of chordates:
Brachyury gene

Inoue J, Yasuoka Y, Takahashi H, Satoh N. 2017.
The chordate ancestor possessed a single copy of 
the Brachyury gene for notochord acquisition. 
Zoological Letters. 3: 4.
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Taxon sampling

Taxon
sampling

Protostomes

Deutero-
stomes

Presence

?

?

Presence?

Presence

Presence?

Brachyury plays an essential role in notochord formation
 and enabled emergence of chordates.

LarvaAdult Brachyury
Fruitfly
Oyster

Chinese
Florida

Acorn worm 1
Acorn worm 2

Sea urchin
Starfish

Oikopleura
Colonial tunicates
Ciona savignyi
Ciona intestinalis

Chicken
Human

Vertebrates

Tunicates

Acorn worms

Sea urchins

Lancelets

Chordates

Muscle
Notochord

By tail beating

By cilia

How many Brachyury genes in chordate ancestor?
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Results can be downloaded.
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Results: NJ tree
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100
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100 100

Oikopleura−dioica_GSOIDT00014261001_NONE
Branchiostoma−floridae_BRAFL124782_NONE

Branchiostoma−belcheri_BRBE302740R−t1_NONE
Saccoglossus−kowalevskii_Sakowv30012255_NONE

Ptychodera−flava_PF18712−t1_NONE
Gallus−gallus_ENSGALT00000013434.5_TBX5−T−box−transcription−
Homo−sapiens_ENST00000310346.8_TBX5−T−box−5
Ptychodera−flava_PF10086−t1_NONE
Strongylocentrotus−purpuratus_SPU023386−tr_SP−TBX2−3−Unchara

Pinctada−fucata_pfu930−101250t1_NONE
Ciona−savignyi_ENSCSAVT00000016577.1_NONE
Ciona−intestinalis_ENSCINT00000017704.3_NONE

Botryllus−schlosseri_botctg007226g53212_NONE
Drosophila−melanogaster_FBtr0331162_bifid

Oikopleura−dioica_GSOIDT00007455001_NONE
Oikopleura−dioica_GSOIDT00004289001_NONE

Drosophila−melanogaster_FBtr0076547_Dorsocross2
Drosophila−melanogaster_FBtr0076522_Dorsocross1

Ciona−savignyi_ENSCSAVT00000020041.1_NONE
Ciona−intestinalis_ENSCINT00000037322.1_tbx6a−T−box−transcri
Ciona−intestinalis_ENSCINT00000034896.1_NONE

Botryllus−schlosseri_botctg005874g48703_NONE
Acanthaster−planci_oki84−25_NONE

Acanthaster−planci_oki169−35_NONE
Pinctada−fucata_pfu26−120078t1_NONE

Saccoglossus−kowalevskii_Sakowv30002752_NONE
Ptychodera−flava_PF12118−t1_NONE

Strongylocentrotus−purpuratus_SPU025584−tr_SP−TBR−Uncharacte
Acanthaster−planci_oki20−22_NONE

Pinctada−fucata_pfu5110−102705t1_NONE
Branchiostoma−floridae_BRAFL75072_NONE

Branchiostoma−belcheri_BRBE176990R−t1_NONE
Gallus−gallus_ENSGALT00000067150.1_TBR1−T−box−brain−1

Gallus−gallus_ENSGALT00000042658.3_EOMES−eomesodermin
Homo−sapiens_ENST00000449599.3_EOMES−eomesodermin

Homo−sapiens_ENST00000177694.1_TBX21−T−box−21
Oikopleura−dioica_GSOIDT00006159001_NONE

Homo−sapiens_ENST00000389554.7_TBR1−T−box−brain−1

Gallus−gallus_ENSGALT00000018726.4_T−T−brachyury−transcripti
Gallus−gallus_ENSGALT00000024597.3_TBX19−T−box−19

Homo−sapiens_ENST00000367821.7_TBX19−T−box−19
Branchiostoma−floridae_BRAFL279431_NONE
Branchiostoma−belcheri_BRBE102780R−t1_NONE

Branchiostoma−belcheri_BRBE102770F−t1_NONE
Saccoglossus−kowalevskii_Sakowv30011577_NONE
Ptychodera−flava_PF18670−t1_NONE

Strongylocentrotus−purpuratus_SPU013015−tr_SP−BRA−Uncharacte
Acanthaster−planci_oki15−190_NONE

Ciona−savignyi_ENSCSAVT00000003855.1_NONE
Ciona−intestinalis_ENSCINT00000001477.3_brachyury−transcript

Botryllus−schlosseri_botctg002459g63408_NONE
Oikopleura−dioica_GSOIDT00000279001_NONE

Drosophila−melanogaster_FBtr0332070_brachyenteron
Acanthaster−planci_oki58−6_NONE

Branchiostoma−floridae_BRAFL121413_NONE

Homo−sapiens_ENST00000296946.6_T−T−brachyury−transcription−f

1st query
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Gene tree with identified orthogroup

Drosophila−melanogaster_FBtr0332070_brachyenteron

Ptychodera−flava_PF18670−t1_NONE
Saccoglossus−kowalevskii_Sakowv30011577_NONE
Acanthaster−planci_oki15−190_NONE
Strongylocentrotus−purpuratus_SPU013015−tr_SP−BRA−Uncharacte

Gallus−gallus_ENSGALT00000018726.4_T−T−brachyury−transcripti
Homo−sapiens_ENST00000367821.7_TBX19−T−box−19
Gallus−gallus_ENSGALT00000024597.3_TBX19−T−box−19
Branchiostoma−belcheri_BRBE102780R−t1_NONE
Branchiostoma−floridae_BRAFL279431_NONE
Branchiostoma−belcheri_BRBE102770F−t1_NONE
Ciona−intestinalis_ENSCINT00000001477.3_brachyury−transcript
Ciona−savignyi_ENSCSAVT00000003855.1_NONE
Botryllus−schlosseri_botctg002459g63408_NONE
Oikopleura−dioica_GSOIDT00000279001_NONE

Acanthaster−planci_oki58−6_NONE
Ptychodera−flava_PF12118−t1_NONE
Saccoglossus−kowalevskii_Sakowv30002752_NONE
Acanthaster−planci_oki20−22_NONE
Strongylocentrotus−purpuratus_SPU025584−tr_SP−TBR−Uncharacte
Pinctada−fucata_pfu5110−102705t1_NONE
Branchiostoma−belcheri_BRBE176990R−t1_NONE
Branchiostoma−floridae_BRAFL75072_NONE
Gallus−gallus_ENSGALT00000067150.1_TBR1−T−box−brain−1
Homo−sapiens_ENST00000449599.3_EOMES−eomesodermin
Gallus−gallus_ENSGALT00000042658.3_EOMES−eomesodermin
Homo−sapiens_ENST00000177694.1_TBX21−T−box−21

Pinctada−fucata_pfu930−101250t1_NONE
Drosophila−melanogaster_FBtr0331162_bifid

Strongylocentrotus−purpuratus_SPU023386−tr_SP−TBX2−3
Ptychodera−flava_PF10086−t1_NONE

Ciona−intestinalis_ENSCINT00000017704.3_NONE
Ciona−savignyi_ENSCSAVT00000016577.1_NONE
Botryllus−schlosseri_botctg007226g53212_NONE
Oikopleura−dioica_GSOIDT00007455001_NONE

Drosophila−melanogaster_FBtr0076522_Dorsocross1
Drosophila−melanogaster_FBtr0076547_Dorsocross2

Branchiostoma−belcheri_BRBE302740R−t1_NONE
Branchiostoma−floridae_BRAFL124782_NONE
Ptychodera−flava_PF18712−t1_NONE
Saccoglossus−kowalevskii_Sakowv30012255_NONE
Homo−sapiens_ENST00000310346.8_TBX5−T−box−5
Gallus−gallus_ENSGALT00000013434.5_TBX5

Acanthaster−planci_oki84−25_NONE

Ciona−intestinalis_ENSCINT00000037322.1_tbx6a
Ciona−savignyi_ENSCSAVT00000020041.1_NONE
Ciona−intestinalis_ENSCINT00000034896.1_NONE
Botryllus−schlosseri_botctg005874g48703_NONE
Oikopleura−dioica_GSOIDT00006159001_NONE
Oikopleura−dioica_GSOIDT00014261001_NONE
Oikopleura−dioica_GSOIDT00004289001_NONE

Acanthaster−planci_oki169−35_NONE
Pinctada−fucata_pfu26−120078t1_NONE
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Branchiostoma−floridae_BRAFL121413_NONE

Homo−sapiens_ENST00000389554.7_TBR1−T−box−brain−1

Homo−sapiens_ENST00000296946.6_T−T−brachyury−transcription−f

Only 1 Brachyury gene in chordate ancestor.
=> New gene was not created for notochord acquisition.

Species tree

Gene tree

Vertebrates

Acorn worms
Protostomes

Chordates

Sea urchins
Lancelets
Tunicates

2*

1
1

1

1
2
1

Orthogroup
members

1st query

Deuterostome
Brachyury
orthogroup
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Detailed analysis using orthogroup members

Botryllus−schlosseri_botctg002459g63408_NONE

Ciona−savignyi_ENSCSAVT00000003855.1_NONE
Ciona−intestinalis_ENSCINT00000001477.3_brachyury

Oikopleura−dioica_GSOIDT00000279001_NONE

Homo−sapiens_ENST00000367821.7_TBX19−T−box−19
Gallus−gallus_ENSGALT00000024597.3_TBX19−T−box−19

Homo−sapiens_ENST00000296946.6_T−T−brachyury
Gallus−gallus_ENSGALT00000018726.4_T−T−brachyury−transcripti

Saccoglossus−kowalevskii_Sakowv30011577_NONE
Ptychodera−flava_PF18670−t1_NONE

Acanthaster−planci_oki15−190_NONE
Strongylocentrotus−purpuratus_SPU013015−tr_SP−BRA

Branchiostoma−floridae_BRAFL121413_NONE
Branchiostoma−belcheri_BRBE102770F−t1_NONE

Branchiostoma−floridae_BRAFL279431_NONE
Branchiostoma−belcheri_BRBE102780R−t1_NONE

Drosophila−melanogaster_FBtr0332070_brachyenteron

89

72
100

99

100

85

99

D

D

D

86

89
100

100

99

99

84

0.2

Vertebrate Bra

Urochordate Bra

Cephalochordate Bra

Echinoderm Bra

Hemichordate Bra

Protostome Bra

Identify gene duplication nodes (D).
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ORTHOSCOPE analysis - 2

Genes enabled emergence of chordates:
Muscle genes

Inoue J, Satoh N. 2018.
Deuterostome genomics: Lineage-specific protein 
expansions that enabled chordate muscle evolution. 
Molecular Biology and Evolution. 35:914-924.
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Taxon sampling
“Skeletal muscle” enabled chordate ancestors 
  to swim by beating a tail with notochord. Taxon

sampling
Protostomes

Deutero-
stomes

LarvaAdult
Fruitfly
Oyster

Chinese
Florida

Acorn worm 1
Acorn worm 2

Sea urchin
Starfish

Oikopleura
Colonial tunicates
Ciona savignyi
Ciona intestinalis

Chicken
Human

Vertebrates

Tunicates

Acorn worms

Sea urchins

Lancelets

Chordates

“Skeletal
 muscle”

Notochord

By tail beating

By cilia
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Skeletal muscle of vertebrates

Muscle

Myofibril

Actin
filament

Myosin
filament

Skeletal actin

Troponin I

Troponin C

Myosin heavy chain

Troponin T

Sarcomere

<Constriction>

<Expansion>

Z disc Z disc

Muscle
fiber
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Results: Presence or absence of orthogroup members

：>2

- Skeletal muscle was acquired by using 2 proteins
   Skeletal actin and Troponin C.
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Lineage-specific muscles

Lancelets

Tunicates

Vertebrates

Skeletal
muscle

Common (larva)

Notochord

Specific (adult)

Visceral
muscle

Notochord
muscle

Body-wall
muscle

Origin of each protein?
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Results: Estimation of actin origins

AncestralObservedExpression:

Body-wall
Skeletal

Notochord

Skeletal

Skeletal
Skeletal
Visceral

Vertebrate

Cytoplasmic

Lancelets
Tunicates

Sea urchin
Acorn worms

Lancelets

VisceralSkeletal/heart
Notochord
Notochord

Skeletal
Skeletal

Body-wall

Skeletal
Skeletal

Cytoplasmic

Muscle

Muscle

Cytoplasmic

Cytoplasmic

Cytoplasmic

Cytoplasmic
origin

Skeletal
origin

Cytoplasmic
origin

Origins can be estimated using expression data.
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B.belcheri_BRBE025880R−t1_cytoplasmic
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B.floridae_BRAFL116948_notochord
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B.belcheri_BRBE215890R−t1_notochord

H.sapiens_ENSP00000290378_actin−alpha−cardiac−muscle−1
G.gallus_ENSGALP00000015988_Actin−alpha−cardiac−muscle−1

H.sapiens_ENSP00000355645_actin−alpha−1−skeletal−muscle
G.gallus_ENSGALP00000018042_Actin−alpha−skeletal−muscle
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Strongylocentrotus_SPU009482−tr_Actin−cytoskeletal−2A
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b
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g

h
i
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Acorn wroms_Muscle

Vertebrates_Skeletal

Sea urchins_Muscle

Ascidians_Body wall

Oikopleura_Skeletal

Lancelets_SkeletalN

Tunicates_Skeletal
Tunicates_heart

Acorn wroms_Muscle

Vertebrates_Skeletal

Echinoderm_Muscle

Drosophila_Muscle

Tunicates_Skeletal/Body-wall 2
Tunicates_Skeletal/Body-wall 1

Lancelets_Skeletal
Lancelets-Notochord

Acorn wroms_Muscle
Drosophila_Muscle

Vertebrates_Skeletal

Echinoderm_Muscle

Oikopleura_Skeletal
Tunicates_Skeletal 1
Tunicates_Skeletal 2

Lancelets_Skeletal
Lancelets_Muscle

Acorn wroms_Tmod
Drosophila_Tmod

Vertebrates_Tmod

Sea urchins_Tmod

Vertebrates Lmod
Tunicates_Tmod

Lancelets_Tmod

Tunicates Lmod

Vertebrates_Skeletal

Drosophila_Muscle

Urochordate_Skel/B wall
Urochordate_Skeletal

Lancelets_Skeletal

Acorn wroms_Muscle

Vertebrates_Skeletal

Urochordate_Skel/B wall
Urochordate_Skeletal

Drosophila_Muscle

Tropomyosin
orthogroup

Cnidarians_Muscle

Lancelets_Skeletal/Noto.

Sea urchins_Muscle

Urochordate-TPML
Lancelets_Muscleuscle

Other gene trees
Actin TropomyosinSkeletal myosin HC

Troponin I Troponin T

Tropomodulin

Troponin C

Estimate origin of each protein.
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Origins of specific-muscle proteins

Lancelets Notochord muscle

Skeletal MHC Skeletal e
 Tropomyosin Skeletal f 
 Troponin I Skeletal h 
 Troponin C Skeletal j  
 Body-wall actin Skeletal c 
 Troponin T Skeletal i 

Noto. actin Cytoplasmic b 
 Skeletal MHC Skeletal d 
 Troponin I Skeletal g 

  Ancestral Dup.

Species tree

Tunicates Body-wall muscle

H. sapiens

G. gallus

B. schlosseri

B. floridae
O. dioica

Ciona savignyi

B. belcheri

C. intestinalis

A. planci (Oki)
A. planci (GBR)

S. purpuratus

S. kowalevskii
P. flava

Body-wall
 muscle

Noto. muscle

Skeletal
muscle

acquired

f, h, j
c, i

b, d, g

a

e

- Most proteins of 
  specific muscles were 
  derived from the skeletal type.

- Most duplications were placed near
 lineages specific-muscles emerged,
 except for tunicate Skeletal MHC (e).
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End of presentation


