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Genome data are accumulating

Published data (21 May 2019)
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- Major lineages => purposeful taxonomic sampling.
- Genome data are scattered among databases.
- Gene functions are not known in non-model organisms.



Inferring functions using orthologs

Species tree
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Given that orthologs are genes derived by speciation,
they are used to infer gene functions, as the first step.

However,



Inferring functions using orthogroups

Orthogroup: .\5{\6 S
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Orthogroup clearly shows candidate function.



Aim

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

= A web tool for infer gene functions
by identifying orthogroups.

- Genome data are scattered among databases.
= [ntegrate databases (gene models).
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Orthogroup identification in ORTHOSCOPE

Candidate selection
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- With broadly accepted nodes, identify orthogroup.
- BS value of basal node for accuracy evaluation.



ORTHOSCOPE database
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- >350 spp gene models.
- The species tree from literature survey.
- 4 focal groups.
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Metazoans

u ka WOteS Saccharomyces cerevisiae ‘ )

Ichthyosporea ¢ Sphaeroforma arctica P N
] 1 Capsaspora owczarzaki V)
Salpingoecidae Salpingoeca rosetta /
N . 1 Monosiga brevicollis
enophores Mnemiopsis leidyi
orifera Amphimedon queenslandic
Placozoans Trichoplax adhaerens
ivalvulida Thelohanellus kitauei

o Hydrozoa Hydra vulgaris
Metazoans Cnidarians Actiniaria Aiptasiidae Exaiptasia pallida 4
Merulinidas wardsiidae ge[rfatﬁstfella vlectensis
- rbicella faveolata
Anthozoa | Scleractinia Astrocoeniina Pocilloporidae Stylophora pistillata
Rofifera croporidae ﬁgropora digitifera
ineta vaga

Spiralians Platyhelminthes Schistosoma mansoni

- Polychaeta ;
Annelida [ Capitella teleta
< Clitellafa Helobdella robusta
I emertea I’\Dlgtospermustgtiniculatus
Brachiopoda oronis australis
Trochozoa hal I_L: Lingula anatina
Cephalopoda Octopus bimaculoides
Lottia gigantea
Gastropoda Biomphalaria glabrata
Protostomes Mollusca| conchifera Heterobranchia Aplysia californica
Crassostrea — Crassostrea virginica
L Crassostrea gigas
Mizuhopecten yessoensis

Bivalvia

iapuli Pterioidea Pinctada fucata
P Enoplea Priapulus caudatus
Ch 3 Trichinella spiralis
Nematoda nromadorea Strongyloides ratti

I Onchocerca volvulus
Loa loa
—_l Brugia malayi
Ecdysozoans Pristionchus pacificus
Caenorhabditis japonica

gaenorgaggiﬁs brenneri
e aenorhabditis remanei
Caenorhabditis 4|—E Caenorhabditis briggsae

Caenorhabditis elegans

Spirurida

Xiphosura Limulus polyphemus
. . Chelicerata Acariformes %%%E%% ?_a{copteﬁ scaﬂ[ei
; — L TOMDIAIIOIMES ___ Tefranychus urticae
B [ |ate rnans Arachnida Parasitiformes Ixodes scapularis
SCorpiones _ Centruroides sculpturatus
I;arasileatgda tepidariorum
; A tegodyphus mimosarum
Arthropoda Myriapoda e [aN®3C  Strigamia maritima
Multicrustacea Calanoida H alt;:-lla aztecf?. . .
n Crustacea iphonosfomatoida arylemora amnms is =
Mandibulata Copepoda Lepeophtheirus salmonis 3
Branchiopoda — Bapgnl_a malgna
L Daphnia pulex
A Pancrustacea < Hexapods (> 35 spp)
corn worms [ gaC(;OgéOSSL,jrf kowalevskii
| : 1 tychodera flava
Sea u rCh ins [ Strongylocentrotus purpuratus
L Acanthaster planci
Deuterostomes Tunicates | Orkoplburs e

Botryllus schlosseri

Re p rese.n tat.iveSChordateS Ve I’tebrateé : E§§£%£i€%2%£8230 spp,
from major lineages




Vertebrates
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Gnathostomata

Chondrhinves P —— oo s m Sharks

all
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otibi R Jaornaparien I Amphibians
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gekko japonicus

th
g‘qarg;oph/s sirtalis I S n a keS
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tuding Pelc sinensis
: niidae P
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Emydidae (‘Ghrysyem/ys picta I Tu rtl es
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Gavialis g c
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Pilosa Choloepus hoffmanni l Xe na rth rans
Atothers R e 0
—Alotheria Proboscid :

r roboscidea = "LZGXLZ‘UOZM amfré%aa,;gs Afroth erians
Insectivora inace; Erinaceus europacus i
o B Insectivores

Pleropodidae Sorex araneus

Chiroptera : SR Wyork oot il ChiropteranS

Equus caballus

Ceratoth i

canienmsmm B Perissodactyls
Felis catus

Canis familiaris

Mustela put fi H
ustols putortis 1o i ICarnlvorans
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Le/)

Ailuropoda melanoleuca
Ursus maritimus
Camelus bactrianus
Vicugna pacos

Sus scrofa

Odocoileus virginianus
Bubalus bubalis

Bison bison bison I Ruminants

Camelidae
Suidae

Cetartiodactylal

Ovis aries
Capra hircus

a acutorostrata

f’h ys[eter ca;lolgon C
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Tﬁgfops truncatus eta Ce a n S
Orcinus orca

T - TSon ('gupaia/belanger[ ’
agomorpha % ryctolagus cuniculus
T Ochotona princeps
Sciuridae Ictidomys trid Mammals
i Fukomys
Heterocephalus glaber
Octodon degus
Chinchilla lanigera
Cavia porcellus
Cavia aperea

Dipodomys ordii . Rod e ntS

Boreoeutheria

Scandentia

Glires

Rodentia

Jaculus jaculus

— ! palax galili
Cricetidae, Peromyscus maniculatus
Cricetulus griseus

Muridae Rattus norvegicus
Mus pahari
Mus spretus
Mus musculus
Otolemur garnettii
"‘W—W WMicrocebus murinus
Propi 1s coquereli
RoT Carlito syrichta
E Aotus
i - Callithrix jacchus
% Galthrx jacohus
Saimiri boliviensis boliviensis

Colobus angolensis palliatus
Rhinopithecus roxellana
.‘gh nopithecus bieti

hlorocebus sabaeus 1
I Papio anubis Prl mateS

Cercopithecinae L[ Cercocebusatys

Mandrillus leucophaeus

Macaca Macaca

Catarrhini Macaca fascicularis
Macaca mulatta

Hylobatidae A
ry— Nomascus leucogenys

— Pongo abelii
Hominoidea | | Gorilla gorilla

Hominidae — Pan troglodytes
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— Myomorpha
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Platyrrhini

Haplorrhini

Simiiformes

|
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Use of gene models

Gene ID Gene name  Transcript ID Length
ENSG00000188782 CATSPER4 ENSTO00000338855 1516 <=
ENSG00000188782 CATSPER4 ENST00000456354 1912
ENSG00000188782 CATSPER4 ENST00000518899 1831
ENSG00000181467 RAP2B ENST00000323534 8351 <
ENSG00000164458 TBXT ENST00000296946 2436 <
ENSG00000164458 TBXT ENST00000366871 2250
ENSG00000164458 TBXT ENSTO00000366876 1497
ENSG00000164458 TBXT ENST00000461348 902

The longest transcript from a single locus is used.
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https://orthoscope.jp

ORTHOSCOPE: deuterostome orthogroup

Gene tree and orthogroup estimation using a species tree (< 5 min with 20-30 spp).
Instruction Support: Safari(latest), Firefox, Chrome Ver.1

Analysis group

Actinopterygii Vertebrata Deuterostomia Protostomia
Status Ready.
(<15 min) Execute
Mode ~ Tree search only © Search/rearrangement
Upload file Coding or amino acid sequence set Species tree
(fasta) (newick)
TFAVERR 771 LRER TFAVERR 77 ILFER
/\ Amino acid @ DNA Example If not selected, this tree is used.

w Coding sequences

Upload coding sequences (amino acid or DNA)
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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

Brachyury plays an essential role in notochord formation
and enabled emergence of chordates. o
Adult Larva Brachyury sampling
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I ] .
ORTHOSCOPE: deuterostome orthogroup

Zane ree and orthogroup estimation using a specizs wee (< 5 min with 20-30 spp).
Instructions Suopport: Safari{latest), Firefox, Chrome Ver.l D2

Fecal group
AvLimgliEcy e Marlehrly I Fenlerosinrmis P lensh i

Status Baadw.
Execute

Mode Teee Search Only « Search/Rearrangenent

Upload file Codings or smine acid segyuence sel Bpecies e
Tasia) rmewick)
P LERR FraAEER AFAbERR | CF kR

Aming acid ~ DMNA RBxampic T melededd, o ree 19 osed.

DeularoslomeBra. fas Lzl 1 51: query’

AT s DeLTarcatameSre e, -

=
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ATCAAGCAGACACCOGACCAGTTCTCGGTTAGCCACCTCCTGAGE

ATGCALCTGGAGCACTGLCTTTCTCECTTCTATEATGE TCTCCAAGAAATTTETEAATGT GAGCAGC

g
B 47677127 100%.-

Multiple query sequences can be used.
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v B result3300 11:19
B 010_candidates_nucl.txt 11:19
020_treeRearranged.pdf <H 11119
020_tree.pdf 11:19
L 100_2ndTree.zip >H 11:19
B 000_summary.txt =
B 010_candidates_prot.txt

| WL VY, Y g i S |

#it###d#H######E Results ####HRHASAHBHEHY

>Queries_used_in_the_analysis
Homo-sapiens_ENSTOEE00296946.6_T-T-brachyury-transcrig
Branchiostoma-floridae BRAFL121413 NONE
Homo-sapiens_ENSTOOO00389554.7_TBR1-T-box-brain-1

TR

A s ST, G

>BootstrapValue_OrthogroupMonophyly ' e —— e
The orthogroup monophyly is supported by 100% bootstra -

Sy rocwa- e, PF 1 03-1_MOHE
‘o gyiceanTa-puTEBES, AP _3P-TR-S-Unenam
Pzt

>0rthogroup i e e
Acanthaster-planci_okil5-190_NONE

Botryllus-schlosseri_botctg002459g63408_NONE
Branchiostoma-belcheri BRBE102770F-t1 NONE LSD alk weblic Thesaurus 100 101 103 104 &S<{S5®MVPS Sakura dbCNS ws oistServer BraSyn BraTree30 |

Branchiostoma-belcheri_BRBE102780R-t1_NONE 2251
. . N Used4treeSearch 00011111111111111111111111111111111
Branchiostoma-floridae_BRAFL121413_NONE Crassostrea-gigas EKC28235_ T-box-brain-protein-1 -—-GATA.AGTG. . ..GC.G..A..G...

Branchiostoma-floridae BRAFL279431 NONE Pinctada-fucata pfu5110-102705t1_NONE ===TA.A.TGTT.. ..GC.G..A..A..D
Ciona-intestinalis_ENSCINTOEOEO001477.3_brachyury-t
Acanthaster-planci oki20-22_NONE ---GRIRIE .

: o e - - an
Ciona-savi gny1 —ENSCSAVTO0000003855.1_NONE Strongylocentrotus-purpuratus_SPU025584-tr_ SP-TBR-Uncharacte -=-=-GA.A..GTT

Crassostr‘ea—gigastKCZS?GS?Brachyu ry-prote in Saccoglossus-kowalevskii Sakowv30002752_NONE -—-GAA. .GGTA..
- Ptychodera-flava PF12118-t1_NONE -==GAA. .TGTT

Taxr

o B = filejfusersfinouejunmp o0an &

Drosophila-melanogaster_FBtr0332070_byn-brachyente r (| L Ll ER AL LT T EE ) CEE R eS| -—-GAA..Th.A.

- - . - Gallus-gallus_ ENSGALT00000042658.3 EOMES-eomesodermin -==GAGA....T.
- C ~ . e = i I = _—
Gallus glllus—ENSGALTOOGOOGlSYZES 4_T-T bra('hyur‘) ¢ Homo-sapiens_ENST00000449599.3 EOMES-eomesodermin ---GAGA.T..A.

Gallus-gallus_ENSGALT0OEEE024597.3_TBX19-T-box-19 Gallus-gallus ENSGALT00000067150.1 TBR1-T-box-brain-1 ---GAGH. .

- - H - i ENST00000389554.7 TBR1-T-box-brain-1 ---GAAA....T.
Homn-saniens FNSTAAAAA?296946 6 T-T-hrachvurv-trans; PuO=Baprent: . BESQERIN

Results can be downloaded.
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Results: NJ tree

Pinctada—fucata_pfu26-120078t1_NONE
Acanthaster—planci_oki169-35 NONE

Acanthaster—planci_oki84-25_NONE

87 - - S Botr%llus—schlosseri botctg005874g48703_NONE
_| I Ciona-intestinalis ENSCINT00000034896.1 NONE )
|—:C|ona—_mtest|nalls ENSCINT00000037322.1"tbx6a—T—box—-transcri
100 100 C|ona—saV|gn5LENSCSAVTOOOOOOZOO41.1 NONE
100 100 p=———— Drosophila—-melanogaster_FBtr0076522_ Dorsocross1
) I—Drosc_l)phlla—melano aster_FBtr0076547_Dorsocross2
, Oikopleura=digica_GSOQIDT00004289001T NONE
Oikopleura—dioica_ GSOIDT00007455001 _NONE
58 —— Drosophila—melanogaster_FBtr0331162_bifid
95 100 q— Botryllus—Schlosseri_botctg007226953212 NONE
53 iona—intestinalis. ENSCINT00000017704.3 NONE
58"‘—_ Ciona-savignyi ENSCSAVT00000016577.1 NONE
Pinctada—fucata_pfu930-101250t1_NONE
- 53 Stron oncentrotus—Is)ur uratus SPU0Z3386-tr_SP-TBX2-3-Unchara
90 Ptychodera-flava_PF10086-tT NONE
100 — Homo-sapiens_ENST00000310346.8 TBX5-T-box-5 o
77 L— Gallus—gallus_ENSGALT0000001343%4.5_ TBX5-T-box-transcription—
100 = Ptychodera-flava_PF18712-t1_NONE
Saccoglossus=kowalevskii Sakowv30012255 NONE
100 Branchiostoma—belcheri BRBE302740R-t1_NONE
100 = Branchiostoma—floridae_ BRAFL124782_NONE
Oikopleura—dioica_ GSOIDT00014261001 _NONE
Oikopleura=-dioica_ GSOIDT00006159001 NONE
95 Homo-sapiens_ENST00000177694.1 TBX21-T-box-21 .
99 Homo-sapiens ENST00000449599.3 EOMES-eomesodermin
Gallus—gallus ENSGALT 0042658. EOMES-eomesodermin

—brain-1
ox—brain—1

100 100 L100 Homo—-sapiens ENSTO
allus—gallus ) A

u 0
100 ¢ Branchiostoma-Dbelcheri BRBE176990R
L Branchiostoma—floridae_ BRAFL75072 NONE
83 Pinctada—fucata_pfu5110-102705t1_NONE
(EI I Acanthaster—planci_oki20-22_NONE

Stronqylocent‘rotus—purﬁuratus_SPUO25584—tr_SP—TBR—Uncharacte
62 89 Ptychodera—flava_PF12118-t1_NONE
99

Saccoglossus—kowalevskii- Sakowv30002752_NONE |

- Acanthaster—planci_oki58-6_NONE

Drosophila-melanogaster_FBtr0332070 brachyenteron

Oikopleura=dioica_ GSOIDT00000279001 NONE

Botryllus—schlosseri_botctg002459g63408 NONE )

100 = Ciona-intesiinalis ENSCINT00000001477.3_brachyury—transcript
b Ciona-savignyi ENSCSAVT00000003855.1_NONE

Acanthaster—planci_oki15-190 NONE

Strongylocentrotus—purpuratus SPU013015-tr_ SP-BRA-Uncharacte

Ptychodera—flava_PF18670-t1_NONE

Saccoglossus—kowalevskii_Sakowv3001157 ONE

00 ~Branchiostoma=-belchéri BRBE1027

68

100

45

100 Branchiostoma—floridae BR
omo-sapiens_ENSTO0

ONE
74 H _ 000367821.7 TBX19-T-box-19
100 Gallus—qgallus ENSGALT00000024597.3 TBX19-T-box-19
61 Homo-sapiens ENST00000296946.6 tion—f
94 allus—galius_El ALT0O0000018726.
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Gene tree with identified orthogroup

Pinctada—fucata_pfu26-120078t1_NONE

Acanthaster—planci_oki169-35 NONE

100 — Drosophila-melanogaster_FBtr0

Orthogroup

mempers

100-. Drosophila—melanogaster_FBtr0Q

77

Protostomes 1

Gallus—gallus_ ENSGALTQD
100
bl =
100

Y Acanthaster—planci_okig84- Y
r r - Qikopleura—-dioica_GSOID

Acorn worms

Sea urchins

Qikopleura—dioica_GSOID 1
|| l_Er g)llﬁopﬂeura—ﬂlloma_,G%OtIEt)
r otryllus—schlosséri_botc I
87 Giona-intestinalis. ENSCINTOO . Lancelets 2
1q8 g!ona_SE%VIQtnleENIESI\(J:SSéAI\IQTI'O ' j\lb 6
~ iona—intestinalis . X .
100 0. — Drosophila—melanogaster FBtr0 ifid- C
95 —L Pincta%a—fucata_pf8930—T01 hord ateS Tu n ICateS 1
90 ggychodlera—ftlavta_PH0086t—t *
rongylocentrotus—purpuratu
Slionayiacentiolls puibal 1 Vertebrates 2
r Botryllus—schlosséri_botctg0
1r00 ggona—satV|gtny|TENSCSA .
iona—intestinalis
— T Homo-Sapienc e Species tree
95[ 99 — Gallus—gallus ENS
T Homo-sapiens_ENS
100 100 Gallus—gallus_ ENS
100 l;lomo—saiens ENST0000038
Branchiostoma—floridae_B
WE Branchjostoma—-belcheri” BRBE
Pinctada—fucata_pfu5110-1027
83 r Stron{%ylocentroms_—pur uratus 584-tr_SP-TBR-Uncharacte
68 Acanthaster—planci_oki20-22 N
62 89 Saccoglossus—-kowalevskii_Sakowv30002752_NONE
99 & Ptychodera-flava_PF12118-t1 _NONE
Acanthaster—planci_oki58-6 _NONE
gtrosop IiIa—meIano@aster_FBtr0332070 brachyenteron
ron = - = - '
68 &:Acan%%ster—planci oki15-190"NONE Deuterostome
| Saccoglossus—-kowalevskii Sakowv300
100 Sl 5t chodera—flava. PF18670-t1 NONE Br achyury
1 Lgltoqleura—ﬂlloma_G%Otl?T(%)ZOO 2 orthoarou
otryllus—schlosséri_botc
Cionya—,savi nyi ENSCSAVTO0 : | g p
Ciona=intestinalis ENSCIN . script
Branchlostoma—ﬁondae BRA
Branchiostoma—Dbelcheri_B
Erancﬂgos%oma—golr%ae_‘%R
ranchiostoma=Dbelcheri
100 gum Gallus—gallus ENSGALTO0 ) 1st query
=g Homo-sapiers_ENST000003
Gene tree '_:allus—allus ENSGALT000000
94

Only 1 Brachyury gene in chordate ancestor.

=> New gene was not created for notochord acquisition.
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Drosophila—melanogast

Transcript ID
0 /USbrachyenteron

Ensembl (http://www.ensembl.org)

Search

all species for

‘ FBtr0332070  Go |

e.q. BRCAZ2 or rat 5:62797383-63627669 cr rs699 or coronary heart disease

FE2012_ 03, released Jun 11, 2019

Lﬂ FIyBase Gene: Dmelbyn

Home Taols

Downloads Links Community Species About Help Archives

General Information
Symbol Dmelibyn Species 0. melanogaster
Mame brachyenteron Annotation Symbaol CGE7260
Feature Type pratein_coding_gene FlyBase ID FBgnOO11723
Gene Snapshot ‘ brachyenteron (byn) encodes a T-domain transcriptional activator ihat acts in developmental

specification, In particular v specifies pasteror gut structures ant a subset of postarlorly
derived visceral muscles. [Date last reviewed, 2019-03-07]
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Detailed analysis using orthogroup members

Drosophila—_melanogaster_FBtr0332070_brachyenteron = |Protostome Bra
Botryllus—schlosseri_botctg002459g63408 NONE
Oikopleura—dioica_ GSOIDT00000279001 NONE
Ciona-intestinalis_ ENSCINT00000001477.3 brachyury
100 L——Ciona—-savignyi ENSCSAVT00000003855.1 NONE
D 100 —Gallus—gallus_ENSGALT00000024597.3_TBX19-T-box-19
— Homo-sapiens ENST00000367821.7_TBX19-T-box-19 N Vertebrate Bra
99 —Gallus—gallus_ ENSGALT00000018726.4_T-T—-brachyury—transcripti
99D piens ENST00000296946.6 T-T-brach
84 ¢Branchiostoma-belcheri BRBE102780R-t1_NONE
gg fBranchiostoma-floridae_ BRAFL279431_NONE
Branchiostoma—-belcheri BRBE102770F-t1_NONE
) Branchiostoma-floridae BRAFL121413 NONE
86| 100 Strongylocentrotus—purpuratus SPU013015-tr SP-BRA
Acanthaster—planci_oki15-190 NONE I
89 — Ptychodera—flava_PF18670-t1_NONE
100 L—Saccoglossus—kowalevskii_Sakowv30011577 NONE I

89

Urochordate Bra

72

Cephalochordate Bra

85D

Echinoderm Bra

Hemichordate Bra

0.2

|dentify gene duplication nodes (D).
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ORTHOSCOPE analysis - 2

Genes enabled emergence of chordates:
Muscle genes

Inoue J, Satoh N. 2018. B |
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.

Protostomes

Acorn worms

Sea urchins

Deutero-
stomes

Tunicates

Chordates

Larva

Taxon

sampling

Vertebrates

By tail beating -

{

A

{

{

Fruitf
Oyster

Acorn worm 1
corn worm 2

Chinese
Florida

Oikopleura
Colonial tunicates
Ciona savignyi
Ciona intestinalis

Chicken
Human



Skeletal muscle of vertebrates

Skeletal actin Troponin C
Troponin | Troponin T

vos
filgr?]sgrrllt ‘r

<Constriction>
Py 4

<Expansion>

Muscle
O
| 1
A I 1
» [ 1 .
i - -
Z disc Z disc
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Results: Presence or absence of orthogroup members

Q
/\/ \
%%?% SRS

| |
| ’lt_rg%%r?ifn C i Acorn worms <
Origin of ——
skeletal muscle P —
Chordates _ —
/\_ Tunicates
LGisiton o f_' Notochord AN
, == Skeletal
._ k f\(itaj f\fit'[‘ R Vertebrates %Uesgfa
| By tail beating _|

Filament Z-disc

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

Com

mon (larva) Specific (adult)

9

Notochord
muscle
— .. Notochord
— Body-wall
. muscle
Tunicates
........ Skeletal
muscle

Vertebrateg

Origi

Mucosa
CCCCC

Visceral
muscle

n of each protein?
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Results: Estimation of actin ori

Dmp%%F?e%)O7g788 é‘ loplasmik I ISNINOI
. B |

C.savignyi ENSCSAQ/ES % &?!f
n i EN: CSA\/POOOOOO121 75

AV
lﬂgﬁgﬂﬂg S EﬁRé“Vg 0 0017903

i T

67— G.galus EN: F088Fo boldg03366‘1 8411
8 § gzué E%&% §gg§ g\mn—cyl%l%glr?\slc@? %&?n_—scytoplasm\c
i?@‘aeé}énslsf@%%%é : amma
(Fﬁ(‘ %ﬁ?/?ﬁ %%%7 (‘ytop 'aﬁm\r -ACT

loFT
Bﬂondae ‘BRAFL11453J cxtop\asm\c ~ACT
Branchiostom: 13444 —cytoplasmjc=Bl
floridae: B FL56687 csvmphsm\c—/\CT
66| Branchiostomal- BAA13350 L,ytop\d\rm(,

B.belcheri BRBE?494WOR* cytoplasmic—A

Strongylocentrotu: SPU026078 r
o §aﬁa§>§ [okiare,
10 Ap\anc\GB 4%[3447\?
Agtsna s ot
trongylo cél%ro(us SPU009433 tr Actln cfoske\etal 3B
I
By Srpeects S n%. %%%Sk‘i'ﬂ‘ fon
65 Stron oentrotus g eletal-28
trongylocentrotus
10 Strt%ngy ntrot %ij%o tr Acn musc\e
Aglanq OKB mus ef

lanci

Saccoglossus Sakowv30000783
PtychoderaPF14598-t1

Ptychodera PF14393 3y
SSUS_! Sakowv30045555

1GCOgI0SS! akowv30026614
\OSSHQ S"AEOW\/US gf 84

e A 6643
%’% s Sk
| 4%\A AT, Bovenschulted?

0t
Pty(,hoderd PF8842-t1
Ptychodera_PF26048-t1

F‘( chodel 1174
94— Bheldhen %FE%E&ZSB;Q? 11, cytoplasmic
B.belcheri BRBEO25860R- H Ly(O; lasmic
B.belcheri BRBE025880R~t1_c} mic

68 B 1130F*ﬂ notochord

A
<
25
K523

belcheri BRB]
[, B.floridas_BRAFL116948 notochord
H B.belcher BRBE215890R~=t1_notochord
B.belchen BRBE2158/0R~t1_notochord
BranchiostomaB, BAAY6546, BTNAZ notochord
B.floridae. BRAF’EWMgbb notoch
B ﬂorwd'}r‘ BRAFL114907 notorhnm
B.fi e_BRAFL 11523/ notoc!
Eranc{ﬂosgomag BAAIRSAS BbNAW no{ochord
ranchiostomal E nol
19sa q 15 5@% acgn jamma-2-smooth-muscle—enteric
000000?%
G " actin-al a—2—smoolh musc\e—aor‘a
al
in-alpha—cal c—musce—
& t“? 55‘ e ﬁ”?\ FH -1
H.s: &5 pha ca‘1 n]
9 % e n a\p ﬁ elﬁ nl}uscle
o i 7 muscie-QiMA?
k I% L B 2 ST mus(fle |\MA1
|k0pleura I P 12403001
|k0pleura \DP 11141 Lmuscle—A T
ikopleura IDP00016817001_muscle-ACT
100 BranchiostomaB BAA13445
= BranchiostomaB | 13351
95~ B .belcheri BRBE%W%;%

—t1_paraxial
raxia

Bbek,heﬂ%SB 2
e e(na%“ﬁgééé %
s

Mo\ u\a L2191i M‘MAT* ult

AX48983 Bl MAZa bodyWallCardiac
Bgtm us, botcts &9914987 70356
8 ul. W? 8?8 MocuMM larva

o D%%ggmm S
e G
Elggtggllgglwﬁ &IEX‘IWQIO% Cf A3fe§gbryonicLarval
EEI%%Q A1 s
0000007718
Csa SCSA PU 0000F

Csav y\ ENS AVP 000001%?06
5 Csavwgny\ ENSCSAVP00000013947

Expression:

Acorn worms
Sea urchin
Lancelets
Tunicates
Vertebrate

==y

= Cytoplasmic

8 — .
C\nstesunahsz GRA\IB107(6 ”Lé 10(0%]7310 29085
s = Cytoplasmic

Cytoplasmic

= Muscle

= Muscle

FRABERGRERHREY

Cytoplasmic

Notoo
otoc

§keﬁe¥al/hea

keletal
Skeletal

J Body-wall

H Skeletal
= Skeletal

‘\//
Observed

Lancelels  [Cytoplasmic

origin

Cytoplasmic
origin

Cytoplasmic
Notochord

M Visceral
M Skeletal
l Skeletal

Skeletal
I Body-wall

Skeletal
Ofi

Skeletal

—_—

Ancestral

Origins can be estimated using expression data.
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Other gene trees

Skeletal myosin HC

Drosophila_Muscle
e
a
|
Chordate
Skeletal -

Acorn wroms_Muscle
Troponin | Troponin T

Sea urchins_Muscle
Drosophila_Muscle
Acorn wroms_Muscle
-] Echinoderm_Muscle
Vertebrates Skeletal
h Tunicates_Skeletal/Body-wall 1 _
Tunicates_Skeletal/Body-wall 2 '

Tropomodulin

ﬁ
(L

Actin

<| Drosophila_Muscle/cell

‘ Acorn wroms_MuscleC
| Sea urchins_Muscle/cell
| Tunicates_Cell

- Vertebrates_Cell

7‘

Ascidians_Body wall
Vertebrates_Skeletal
Oikopleura_Skeletal
Tunicates_Skeletal
Tunicates_heart

Vertebrates_Skeletal
Oikopleura_Skeletal
Tunicates_Skeletal
Tunicates Body-wall

Drosophila_Muscle
Acorn wroms_Muscle
Echinoderm_Muscle

Vertebrates Skeletal
Oikopleura_Skeletal

Tunicates_Skeletal 1
Tunicates_Skeletal 2

Drosophila_Tmod
Acorn wroms_Tmod
Sea urchins_Tmod

Vertebrates Tmod
Tunicates_ Tmod
Vertebrates Lmod
Tunicates Lmod

Tropomyosin o
Cnidarians_Muscle

<] Sea urchins_Muscle

- Urochordate-TPML
Drosophila_Muscle
Acorn wroms_Muscle

[

Tropomyosin
or{?\oglyoup

Vertebrates_Skeletal
Urochordate Skeletal
Urochordate Skel/B wall

f

Troponin C

Drosophila_Muscle

< Vertebrates_Skeletal

i

Urochordate Skeletal
Urochordate Skel/B wall

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

P. flava _
Ancestral Dup. S. purpuratus
— A. planci (Oki) sl
Lancelets Notochord muscle P anc’_(o )
Noto. actin Cytoplasmic b _ Noto muscla] — 2 planci (GBR)
Skeletal MHC  Skeletal d b, d, g \ B. belcheri
Troponin | Skeletal g | B floridae
Tunicates Body-wall muscle a fh i O. dioica 9‘/\/
Skeletal MHC  Skeletal e S T e B. schlosseri
Tropomyosin  Skeletal  f Skeletal ’ — Ciona savignyi
Troponin|  Skeletal h muscle |L—E / C intestinali
Troponin C  Skeletal | acquired BOdY'\INa” v
Body-wall actin Skeletal ¢ muscle | — G. gallus /Q\
Troponin T Skeletal i Species tree — H. sapiens
- Most proteins of - Most duplications were placed near
specific muscles were lineages specific-muscles emerged,

derived from the skeletal type. except for tunicate Skeletal MHC (e).

2¢€



End of presentation



