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Genome data are accumulating
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Why difficult

- > 20,000 genes in each species

- > Sequence is similar, 
      but different function



Inferring functions using orthogroups

Orthogroup clearly shows function candidates
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Other genes
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     Fly, Human and Tunicate, 
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=> Count the number of genes
Fly_A2A2

Human_A2
Tunicate_A2

Fly_A1
A1

Human_A1

Tunicate_A1’
Tunicate_A1

What ORTHOSCOPE can do?

・ Gene functions/names can be estimated.
By identifying orthogroups,





ORTHOSCOPE database

Tunicates

Gene model

Sea urchins 2

8

Basal actinops 2
Sharks 2

Teleosts 52
Coelacanth 1
Amphibians 10
Lizards 10
Turtles/Birds 74
Mammalians >120

Cnidarians 7
Basal metazoans 3

12

Cyclostomes 2

Acorn worms 2

Lancelets 4
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Spiralians 20

Non metazoans

Gene models of >450 species
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Example study: chordates
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3 chordate lineages are dramatically different.
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Chordate characteristics

Fish-like larvae enabled chordate ancestors 
  to swim by beating a tail with notochord.

Larva

“Skeletal muscle”
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ORTHOSCOPE の利用例

脊索動物の出現を可能にした遺伝子 :
ブラキウリ遺伝子

Inoue J, Yasuoka Y, Takahashi H, Satoh N. 2017.
Zoological Letters. 3: 4.



ブラキウリの役割

前口動物

後口動物

ブラキウリは脊索の形成に重要

幼生親
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尾索動物

半索動物
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頭索動物

脊索動物

筋肉
脊索

尾を振る

繊毛を使う



原口

原腸胚

(肛門になる)
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脊索の形成

Brachyury の役割 ： 原腸胚と脊索の形成

A, B どっちで 2 つになった？



Several queries can be used.

The first query



These results can be downloaded.



結果: NJ tree

100

62

68
100

45

74
61

94

100

100

100

100

100

90
100

100

83
68

89
99

100

95

100 100
99

77

100 100

100
100

58
95

53

5390

100

58

100

87

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

第 1 クエリ



ユーザーによる結果の解釈
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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

モデル生物の情報を参照
Drosophila: Brachyenteron

Human: Brachyury

Ciona: Brachyury



Drosophila−melanogaster_FBtr0332070_brachyenteron
Transcript ID

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

Drosophila−melanogaster_FBtr0332070_b
Transcript ID



How to use ORTHOSCOPE results
Drosophila−melanogaster_FBtr0332070_brachyenteron

Ptychodera−flava_PF18670−t1_NONE
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Chordate ancestor possessed only 1 copy of Bra gene

# of orthogroup
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Acorn worms

Chordate 
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Inoue et al. (2017)

脊索動物の祖先
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原口

原腸胚

(肛門になる)
脊椎動物

尾索動物
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脊索の形成

Brachyury の役割：原腸胚と脊索の形成

A, B どっちで 2 つになった？ => B
=> A で 1 つの Bra に 2 つの機能が追加



Origins of muscle proteins

Inoue J, Satoh N. 2017.
Mol. Biol. Evol. 35:914–924

“Skeletal muscle”

ORTHOSCOPE example



Skeletal muscle of vertebrates

Muscle

Actin
filament

Myosin
filament

Skeletal actin
Troponin I

Troponin C

Myosin heavy chain

Troponin T

Sarcomere

<Constriction>

<Expansion>

Z disc Z disc

Estimating origin of each protein



Lineage-specific muscles

Lancelets

Tunicates

Vertebrates

How fast “Skeletal muscle ” emerged?

Common (larva)

“Skeletal
muscle”

Specific (adult)

Visceral
muscle

Notochord
muscle

Body-wall
muscle



Results: Pre/abs of orthogroup members

Skeletal muscle was acquired by using 2 proteins
   Skeletal actin and Troponin C.

Loss of
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Origin of 
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Skeletal muscle of vertebrates

Muscle

Actin
filament

Myosin
filament

Skeletal actin
Troponin I

Troponin C

Myosin heavy chain

Troponin T

Sarcomere

<Constriction>

<Expansion>

Z disc

Troponin I
Troponin C

Troponin T

ActinActin
filamentfilament

スイッチ

新しいレールとスイッチの導入して速くなった
レール

列車



Summary of ORTHOSCOPE

Significance：
・Origin of genes  
・User friendly and quick
　Ishikawa et al. 2019 Science
　Shiraishi et al. 2019 PNAS　etc.
　
Problem：
・Gene function of model organisms
    => Needs to be confirmed



オーソログを 　一つの遺伝子で詳しく検証
ORTHO SCOPE




