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Genome data are accumulating
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Difficult to identify gene with the same funcation



Why difficult

- > 20,000 genes In each species

- > Sequence Is similar,
but different function



Inferring functions using orthogroups
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Orthogroup clearly shows function candidates




What ORTHOSCOPE can do?

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

=> Count the number of genes
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ORTHOSCOPE v1.5.1

Gene tree and orthogroup estimation using a species tree (< 5 min as default). 7 Apr. 2021
Instructions, Species tree Support: Safari(except for v14), Firefox, Chrome Mirror: SAKURA AORI

Focal group

Actinopterygii Mammalia Vertebrata Deuterostomia Protostomia Acropora Plants
Status Ready.
Execute
Mode © Tree Search Only Search/Rearrangement
(Estimating gene tree only) (Comparing gene and species trees)
Upload file Sequences (fasta): @DNA Amino acid Example: fasta file

/%~

Species tree (newick): Z7rALERR 77 AILKER If not selected, this tree is used.



ORTHOSCOPE database

Gene model

<1Non metazoans ... 12
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4 Acorn worms ";‘
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Gene models of >450 species



Example study: chordates
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3 chordate lineages are dramatically different.



Chordate characteristics

Deuterostomes
SmESEY) Acorn worms
TR LT

Sea urchins
k. 3

Notochord/
skeletal muscle

V Chordates
BXREY

Notochord

Pl Al

“Skeletal muscle”

RV 3R
Vertebrates \
= L¥===_ By tail beating

Fish-like larvae enabled chordate ancestors Fish-like larvae
to swim by beating a tail with notochord.
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Inoue J, Yasuoka Y, Takahashi H, Satoh N. 2017.
Zoological Letters. 3: 4.
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ORTHOSCOPE v1.0.2

Gene tree and orthogroup estimation using a species tree (< 5 min as default). 29 Nov. 2019
Instructions, Species tree Support: Safari(latest), Firefox, Chrome Mirror: N, O, S

Focal group
Actinopterygii Mammalia Vertebrata Protostomia

Status Ready. -

Mode © Tree Search Only Search/Rearrangement
(Estimating gene tree) (Comparing gene and species trees)
Upload file Coding or amino acid sequence set Species tree
(fasta) (newick)
ﬂbﬂesg;ﬂ TP AVERR 771 ILFERR
Amino acid @DNA Example If not selected, this tree is used.

B Deut neBra.fas.txt Free Mode
r, B, K

omeBra.fas.txt .

>Homo-sapiens_XXX1
ATGAGCTCCCCTGGCACCGAGAGCGCGGGAAAGAGCCTGCAGTACCGAGTGGACCACCTGCTGAGC
>Branchiostoma-floridae_XXX
ATGAAGCAGACACCGGACCAGTTCTCGGTTAGCCACCTCCTGAGCGCCGTGGAGAGCGAGATCTCG

>Homo-sapiens_ENSTOOO00389554.7_T-box-brain-1
ATGCAGCTGGAGCACTGCCTTTCTCCTTCTATCATGCTCTCCAAGAAATTTCTCAATGTGAGCAGC

Text File » Unicode (UTF-8)~ Unix (LF) ~

The first query

Several queries can be used.



v [ result3300
B 010_candidates_nucl.txt
020_treeRearranged.pdf
020_tree.pdf
Li 100_2ndTree.zip
B 000_summary.txt
B 010_candidates_prot.txt oyt ey .

| T, N e S Y an = y L . careaatas-piancl_st 15,
e e, S 1677 MG
ko fana,_PF1BT5-m_MOHE

#it##nHHAH AR HAH#E Results ######HRHHAHAHY

>Queries_used_in_the_analysis
Homo-sapiens_ENSTOO000296946.6_T-T-brachyury-transcrip
Branchiostoma-floridae BRAFL121413_ NONE

Titaag

Homo-sapiens_ENSTOORO0389554.7_TBR1-T-box-brain-1 *iumwwww”f‘

>BootstrapValue_OrthogroupMonophyly j ﬁJH:éﬁxixﬁ::?““

- = . m’hwnn w—a—rwa
The orthogroup monophyly is supported by 100% bootstra
I SOt i, Y O MOME
s oo e e
>0rthogroup e EE%:::;mﬁnm

Acanthaster-planci_okil5-190_NONE
Botryllus-schlosseri_botctgf02459g63408_NONE |
Branchiostoma-belcheri BRBE102770F-t1 NONE it LSD alk weblio Thesaurus 100 101 103 104 Z<S5®VPS Sakura dbCNS ws oistServer BraSyn BraTree30 |

Branchiostoma-belcheri BRBE102780R-t1 NONE 2251
S - & - Used4treeSearch 00011111111111111111111111111111111
Branchiostoma-floridae_BRAFL121413_NONE Crassostrea-gigas_EKC28235_T-box-brain-protein-1 ---GATA.AGTG. . ..GEEE. .ATNE. . .

Branchiostoma-floridae BRAFL279431 NONE Pinctada-fucata pfu5110-102705t1_NONE ---TA.A.TGTT.. ..GC.G..A..A..¢P
Ciona-intestinalis_ENSCINTOO000001477.3_brachyury-t

oo IO P file///Usersfinouejunmp/Downloads/result3300/010_2lr

. . . - Acanthaster-planci_oki20-22_NONE ---GA.A.. ...TC.. .CEEE. .., . .
Ciona-savi gnyn —ENSCSAVTDGBG@GG?'&SS 'l—NONE Strongylocenirotus-purpuratus_SPUDZ55B4—tr_SP—TBR—UnCharacte -——GA.A..% T. .GESS. .ARSE. . .
Crassos Lr-ea_gigé]g EKC28765 Br'achyu ry-prote in Saccoglossus-kowalevskii_ Sakowv30002752_NONE -—-GAA. .GGTA..I-.. T.G..A..A.

Ptychodera-flava PF12118-tl_ NONE ===GAA. .TGTT ES. .ADR . G
DFO;:DJh ila- melanog,aater FBLrE)%’“-"’GJ.D_byn—brachyenter Homo-sapiens ENST00000177694.1 TBX21-T-box-21 -==GAR. . TN

- e s ‘ 726 . . Y -t Gallus-gallus_ ENSGALT00000042658.3 EOMES-eomesodermin --=GAGA....T.
Gallus ‘—Jllu;_ENSGALT@@BGO@lSI 6 4—T T bra‘:hyur}' t Homo-sapiens_ENST00000449599.3 EOMES-eomesodermin ---GAGA.T..A.

Gallus-gallus_ENSGALTO0000024597.3_TBX19-T-box-19 Gallus-gallus ENSGALT00000067150.1 TBR1-T-box-brain-1 ---GAGEES
B T e e e e N e TR R AR R D S e T s e e =t Homo-sapiens_ENST00000389554.7_TBR1-T-box-brain-1 --=-GAAR....T. «e.TeA..A..T..G

These results can be downloaded.



#8- NJ tree

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

Acanthaster—planci_oki84-25 NONE

87 llus—schlosseri botctg005874g48703 _NONE
_l [ Ciona—intestinalis ENSCINTOOOO 034896.1_NONE
|—:C|ona intestinalis ' ENSCINT00000037322.1"tbx6a—T-box—-transcri
00 100 100 Ciona-savignyi ENStFISAVTIOOOOOO%OOAIQBEO[(\)J%%EZ D 1
0 p————— Drosophila—melanogaster I Qrsocross
D osg hila— melang aste FBtr0076547_Dorsocross2
— Oikopleura—digica_GSOIDT00004289001T NONE
Oikopleura—dioica GSOID‘I‘OOOO7455001 NONE
58 Drosophila—melanogaster FBtr0331162 bﬁj
95 100 p— Botryllus—Schlosseri_botctg007226953212 NONE
53 L— ona-intestinalis, ENSCIN OO 0017704.3 NONE
58 Clona savignyi ENSCSAVT00000016577.1 NONE
Pinctada—fucata_pfu930-101250t1_NONE
- 53 Strongylocentrotus Igurpurat S SPU023386—tr_SP—T X2-3-Unchara
920 Ptychodera—flava_ PF10086-tT NONE
100 p— Homo sapiens_ENST00000310346.8 TBX5-T-box-5
77 L Gallus-galius_ENSGALT00 00001343%2.5 TBX5-T- box transcription—
100 = Ptychodera-flava_PF18712-t1_NONE
Saccoglossus‘kowalevsku Sakowv30012255 NONE
100 Branchiostoma—-belcheri BRBE302740R-t1_NONE
100%™ Branchiostoma-floridaeé_ BRAFL124782_NONE
Oikopleura—dioica_GSOIDT00014261001_NONE
Oikopleura-dioica_ GSOIDT00006159001_ NONE
95 Homo-sapiens_ ENST00000177694.1 TBX21-T-box—21
99 Homo saplens ENST00000449599.3 _EOMES—-eomesodermin
Gallus—gallus ENSGALT00000042658.3 EOMES-eomesodermin
100 700 L100 Ho-saens ENST00000 9554.7 TBR box-bra P
- . D 0,
100 ¢ Branchlostoma s%)elcherl BRBE17699O -t1_NONE
I-Branch|ostoma floridae_ BRAFL75072 NONE
Pinctada—fucata_pfu5110-102705t1_NONE
83 L I Acanthaster—planci_okiz0-22_NONE
68 Stro %ylocent‘rotus purpuratus_SPU025584~tr_SP-TBR-Uncharacte
62 89 |—|_|ﬂhodera “fava, PE121] NONE
99 Saccoglossus-kowalevskii_Sakowv30002752_NONE

Acanthaster— planC| oki58-6_NONE
Drosophila—-melanogaster_FBtr0332070_brachyenteron
Oikopleura=dioica_GSOIDT00000279 01 NONE
Botryllus—schlosseri_botctg0024 5?\(]]163408 NONE
100 e Ciona-intestinalis "ENSCINT00000001477.3 brachyury transcript
e Ciona-savignyi ENSCSAVT00000003855.1 _NON
Acanthaster—planci_oki15-190 NONE
Strongylocentrotus— purpuratus_SPUO13015 tr_SP-BRA-Uncharacte
Ptychodera—flava_PF18670-t1 _NONE
Saccoglossus kowalevskii Sakowv3001 ONE
Branchlostoma belcherl BRBE102 NONE

68

100

45

1027
100 Branch|ostoma ﬂor|dae BRAFL2794

3 E
74 Homo-sapiens_ ENST00000367821.7 TBX19-T-box-19
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94 allus—galius_EI 6.4_
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Saccoglossus—kowalevskii Sakomv630011577 NONE
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Oikopleura—dioica’ GSOIDT0000027
Botryllus—schlosséri botct\g_(r)02459 6
Ciona—-savignyi ENSCSAVT0000000
Ciona-intestinalis ENSCINT0000
Branchiostoma—floridae BRAFL
Branchiostoma—-belcheri BRB
Branchiostoma—floridae "BRAFL
Branchiostoma=belcheri BRBE
Gallus—gallus_ ENSGALTO0
Homo-sapiens_ENST000003678
allus—allus ENSGALT0000001
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Transcript ID

Drosophila—melanogaster. FBtr0332070- brachyenteron

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

Search

All species

for

FBtr0332070

e.g. BRCA2 or rat 5:62797383-63627669 or rs699 or coronary heart disease

-4t FlyBase

Home Tools

Downloads

Links

Community

FB2019_03, released Jun 11, 2019

Gene: Dmel\byn

Species About

Help

Archives

General Information .

Symbol Dmel\byn Species D. melanogaster

Name brachyenteron Annotation Symbol CG7260

Feature Type protein_coding_gene FlyBase ID FBgn0011723

Gene Model Status Curtent Stock Availability

Gene Snapshot

brachyenteron (byn) encodes a T-domain transcriptional activator that acts in developmental
specification, in particulanitispecifiesiposteriorgut structures‘and a subset of posteriorly
derived visceral muscles. [Date last reviewed: 2019-03-07]




How to use ORTHOSCOPE results

Acanthaster—planci_oki58—6_NON
Drosophila— melanogaster FBtr0332070brachyenteron

A e 85 NORE " R BraChyu ry

Saccoglossus—kowalevskii_Sakowv3001 1577_NONE
Ptychodera-flava_PF18670-t1 NONE
Oikopleura—-dioica_ GSOIDTOOUOO27
Botryllus—schlosséri_botctg00245996
Ciona-savignyi ENSCSAVT0000000
Ciona-intestirialis ENSCINT000000

# of orthogroup
members

Gallus-gallus ENSGA
Homo-sapiens_ENSTO
GaIIus—aIIus ENSGALTO0

Protostomes
— AcCorn worms

Sea Urchins
Lancelets
Chordate — Tunicates

2 chtochord

1

ancestor: 1 - =
2R 0 R Vertebrates 2

Chordate ancestor possessed only 1 copy of Bra gene
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ORTHOSCOPE example

.i E i “,

“Skeletal muscle”

Origins of muscle proteins

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



Skeletal muscle of vertebrates

Skeletal actin  Troponin C
Troponin IL

Estimating origin of each protein



Lineage-specific muscles

Specific (adult) Common (larva)

_ Notochord
muscle
B // Body-wall
muscle
Tunicates
| ,‘..f::':i‘fﬁ""' “S keletal
muscle”

Vertebrates V|sceral
muscle

How fast “Skeletal muscle " emerged?



Results: Pre/abs of orthogroup members

10 Number of genes

I 1
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 troponin C |
- v -

i
ilN
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Origin of
skeletal
muscle

A Tunicates

' Acquisition of | L
'skeletal actin Vertebra’ges

___________

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



Skeletal muscle of vertebrates
AAYF = =

i

Skeletal actin © . Troponin C e
Troponin Il Troponin T OO

Myosiny” &
filament

FHLUW—ILERSYTFDEAL TELED/E



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
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