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Orthologues are

Two homologous genes in two different species that derive from
a single gene in the last common ancestor of the species

[ ]Ancestral gene

Duplication

Paralogs in an
" JoW B | 9

ancestral species

Speciation

Al and A2 are orthologues B1 and B2 are orthologues

Eugene V Koonin “An apology for orthologs - or brave new memes”, Genome Biol. 2001; 2(4)
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Orthologues genes and
Last Common Ancestors

© = speciation
1 Gene Loss/Fraudogenization
LA Last COmmon Ancasior

Orthologous Groupe
LCAT: A1, B1,

Species D
LCAZ A1,B1,B2, 2, C3,D1,D2, D3

LCAS: C2, 02 - group 1
303 -group 2
D1 = singleton




Orthology is a proxy for gene function

“a crucial property of orthologs, which is both theoretically
plausible and empirically supported, is that
they typically perform equivalent functions
in respective organisms’

FEugene V. Koonin
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OrthoDB analysis flow

1. collect genomes

& 3 C O NotSecurs
Acanthaster._planci/
Acanthisitta_chloris/
Acanthochromis_polyacanthus/

Aedes_albopictus!

1135 1/ftp.ncbi.nlm.nih Gov/

B9/17, 2:00:00 AM

15116, 10000 AM
518016, 2:00:00 AM
20117, 2:00:00 AM
206117, 1:00:00 AM

4. find all-to-all homologs
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o

7. score evolutionary traits

A bibb bbb b hhbbbddtssd

* Retention
(alt. to propensity to loss)

* Duplicability €2
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2. select representatives

!

GOA
GEa-noray

58
ceas
3

E

3. collate gene annotations

Gallus gallus
B6S01.1 (AQIDSHEYS ) adenasine kinase 59
UniProt: AQALDSNZYS ; AOALLIRY7S ; QSZMKS

IBROZE056

alcohol graup a5 acceptor

ot upkows: gurine rBonucleoside salvage
S o
GEA basicas 1
A-Sootieiis |
o moes 1
A-uzoarees |
GEA biztoncas |
A-Ooz00mes |
GEn onanoces 1
A-Oozcarces |
EEA ddavaaces |
CER-Dnz00e04e 1
GEA btenoucrs 1
A-001 T 08 |
ECA_dvageres |
SEh B ke 1 KEGG: gga: 423735
S5 | Molecular Function: activity;

BRH suggested
orthologs

8. summarise OG annotation

Group 244166at7742 at Vertsbrata level Miew Fasta | Miew Teh Delimiter)
adenosine kinase

Functional dsa

G0 e o 146 genes with GO:0004001: adencsine kinsse activiy
98 genes with GOIDOLE7ZI: phosphotransferass activity, 8lconol Group 8 Soceptor
50 90nes WiEh GO:0L6301: kinase actvity

131 genes with GOODOGLG6! Puring ribonuCieosda salvage
100 genes witn G0:0001 MP Bisyntheth
50 genes with GO:0016310: phasphorylation

60 Ceulr Comgenent 59 genes with GOL0OSAZS: cytosl

30 Qenes with GO:00US634: nucheus
IntarPro Domains 61 genes with [PRO01805: Adenosine kinase
50 genes mith PRO2001E: Rkl
60 ganes with IPRD11611: Carbohyirade kinase i@
57 genes with IFR02173: Carbahycrade/puine kinac, P, canserved site

Evalutianary descriptions
Phyiosc Prafs 324 genes in 242 species (out of 243)
singge capy in 175 speries, multi-coay in 67 sparies

Evestionary 26t ops EEETs am

Gene Archecture Medion Proten Length. 359 (std. 72.9)

Cellular Component: nucleus; nucleoplasm; cytosol
Blological Process: purina ribsnucieos|da sahvage; AMP biosynthetic process; GATP biosynthatic procass
KO: KDDASE

6. cluster BRHs and homologs

9. make the data available

OrthoDB Data Download
Application Programming Interface - API

‘This i the recommended way to dawnload data if the data set is not too large. See note u
Documentation and examples are faund here.

Flat files

OrthoDB data is ao avallstbe for downioad from hars

T Is recommencied i the user ntends 1 process jarge parts of the dota or Fasta or ftot
(5000)

Your SPARQL query

Query Text
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OrthoDB — a catalog of
hierarchical orthologous groups

OrthoDB reicase 10 §$issOrthology

Text

Found 61 groups at Alphaproteobacteria level

¥ | pyruvate kinase

¥ Advanced

UNIVERSITE
DE GENEVE

#AcULTE DE MEDECINE

=

Swiss Instit
Bioinoman

Text

Submit

Phyloprofile

Bookmark OrthoDB@Alphaproteobacteria | Get All Fasta | Get All as Tab delimited

Group 43778at28211 at Alphaproteobacteria level

Pyruvate kinase

Group hierarchy

Bacteria
Pyruvate kinase

Functional descriptions

Functional Categry

KEGG pathviay

EC number

InterPro Domains

Evolutionary descriptions

Phyletic Profile

Evolutionary Rate

Gene Arch
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me
Proteobacteria | 1 Alphaproteabacteria
Pyruvate kinase 1| Pyruvate kinase

G: Carbohydrate transport and metabolism
T: Signal transduction mechanisms
K: Transcription

16 genes with ko00010: Glycolysis / Gluconeogenesis
16 genes with ko00230: Purine metabolism

16 genes with ko00620: Pyruvate metabolism

16 genes with ko01200: Carbon metabolism

16 genes with ko01230: Biosynthesis of amino acids

470 genes with 2.7.1.40: pyruvate kinase; ATP + pyruvate = ADP + phosphoenolpyruvate

482 genes with IPROD1S!
728 genes with [PRO1!

482 genes with [PRO11
482 genes with IPR0158
482 genes with IPRO35%
742 genes with IPRO1!
482 genes with IPRO158

Pyruvate kinase
Pyruvate kinase, C-terminal

Pyruvate kinase, barrel

742 genes in 677 species (out of 745)
single copy in 626 species, multi-copy in 51 species

View Fasta | View Tab Delimited

Pyruvate kinase-like, insert domain superfamily
Pyruvate/Phosphoenolpyruvate kinase-like domain superfamily
Pyruvate kinase, C-terminal domain superfamily

Pyruvate kinase, insert domain superfamily

[Mo filtering]

[Mo filkering]

biales
uvate kinase

Rhodobacterales
Pyruvate kinass

hingomonadales
ruvate kinase

Rhodospirillales
W D uvate kinase

Caulobacteraceae

Fyruvate kinase

Select species:

Search species by name:

=0
v B Bacteria |-
ve
» O
3~

Eukaryota
e.g. B.sub
Protecbactaria

Alphaprotecbacteria

Gammaproteobacteria

¥ | pyruvate kinase

iz, Clostridl

&.4d.

{ewkaryotes) e.g. A.californica, A.gambize. .

um so., Cfepidum, E.c

wrpie phatosynthelic bactenia) a.g
L L - =

E.col, P.fluorescens, ¢

e.g. R.ivofr

Median Protein Length 475 (std. 9.1)

» [0 Betaprotecbacteria |=.2
» [0 Deltaprotechacteria
» OO Epsilonprotecbacteria

O Acidithiobacillus caldus SM-1, genome GCF_000221025.1

http://orthodb.org
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OrthoDB — a catalog of
hierarchical orthologous groups

15K organisms
— 1271 Eukaryota
— 5609 Bacteria
— 404 Archaea

— 7963 Viruses

40M genes
1005 taxonomic levels
OM orthologous groups



OrthoDB — two APIs

* Queries via programmable URLs

* SPARQL endpoint, http://sparql.orthodb.org
About

This SPARQL 1.1 endpoint serves OrthoDB data. The OrthoDB release
10.1 consists of 2'246'378'105 RDF triples describing evolutionary and
functional properties of 40'614'194 genes from 15247 organisms
clustered in 8'952'780 orthologous groups on 1004 taxonomic levels.

This endpoint cooperates with UniProt, NextProt and Ensembl
endpoints due to adopting URIs of UniProt proteins (23'096'350),
NextProt proteins (18'746) and Ensembl genes (684'451). The dataset
also provides a number of clickable links to NCBI genes (13'587'519)
and proteins (36'283'239), Ensembl Genomes (6'056'193), Interpro
(35'285) and GO (21'975) resources.
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OrthoDB taxonomic tree
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Genes and orthologous groups

- o o o o . . . E—
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al

<og>
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up:organism
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N
:LI :hasMember = :memberOf [ :Gene :LI
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<gene>
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Clades, Species and Organisms

Clades
?clade a :Clade; rdfs:subClassOf+ taxon:2; up:scientificName ?name.

Species, Organsims

?clade a :Clade; up:scientificName "Escherichia".

?taxon a :Species; up:scientificName ?tx_name; rdfs:subClassOf+ ?clade.
?org a :Organism,?taxon; up:scientificName ?org_name.

tX name org name
"Escherichia albertii” "Escherichia albertii, genome GCF_881549%55.1"
"Escherichia coli Nissle 1917" "Escherichia coli MNissle 1917, genome GCF_868714595.1"
"Escherichia coli" "Escherichia coli, genome GCF_@81617565.1"
"Escherichia coli" "Escherichia coli, genome GCF_981986655.1"
"Escherichia coli" "Escherichia coli, genome GCF_981908735.1"
"Escherichia coli" "Escherichia coli, genome GCF_981908945.1"
"Escherichia fergusonii ATCC 35469"||"Escherichia fergusonii ATCC 35469, genome GCF_9886826225.1"
"Escherichia coli 0157:H18" "Escherichia coli 0157:H16, genome GCF_PBBE27185.1"

Result IRIs for clade, taxon, org are functional URLs pointing to OrthoDB pages
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Find Last Common Ancestor (LCA) for
fruit fly and honey bee

. et select *

LEA Lot Corvmon Ancee | where {

?lca a :Clade ; up:scientificName ?lcaname .

taxon:7227 rdfs:subClassOf* ?Ica.

taxon:7460 rdfs:subClassOf* ?lca .

filter (not exists {
?xca a :Clade ; rdfs:subClassOf ?Ica .
taxon:7227 rdfs:subClassOf* ?xca .
taxon:7460 rdfs:subClassOf* ?xca .

Orthologous Groups
LCAT: A1, B1, B2

)

LCAZ A1,P1,B2,C2,C3,D1, D2, D3

LCAS: G2, D2 - group 1
C3, D3 -grouwp 2
D1 = singlsinn

Ica Icaname

http://purl.uniprot.org/taxonomy/33392|("Holometabola"
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Organism predicates

<organism>

up:scientificName

:genomelD

Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS
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Genes

Genes
?org a :Organism; up:scientificName "Escherichia coli, genome GCF_001617565.1".

?gene a :Gene; up:organism ?org; :name ?gene_name; :description ?description.

gene_name description
"fucA" "L-fuculose phosphate aldolase"
"alas" "Alanine--tRNA ligase"
"hemG" "Molybdopterin-guanine dinucleotide biosynthesis protein B"
"SY51_RS@2910"||"Lipoprotein”
"rbsA" "Ribose import ATP-binding protein RbsA"
"WM9©_RS12030"||"HCP oxidoreductase"”
"gltB" "Glutamate synthase"”
"smpA™ "Outer membrane protein assembly factor BamE"
"WM9©_RS24495"||"Addiction module toxin RelE"

Result IRIs for org, gene are functional URLs pointing to OrthoDB pages
12-Dec-19 Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS 14
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Gene predicates

<gene> .name

:description

:aaSequence

:geneTranslatedLength

:geneNbExons

Xref

Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS
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Orthologous groups (OGs)

Orthogroups

select ?0g ?og_name ?distance ?clade_name (count(1) as ?cnt)

where {

?org a :0Organism; up:scientificName "Escherichia coli, genome GCF_001617565.1".
?gene a :Gene; up:organism ?org; :name "alaS"; :memberOf ?og.

?0g :0gBuiltAt [up:scientificName ?clade_name; :taxTreeDistance ?distance];
:name ?0g_name; :hasMember ?gene2

} group by ?clade_name ?og ?og _name ?distance order by ?distance

og 0g name distance clade name cnt
http://purl.orthodb.org/odbgroup/91428at2 "Alanine--tRNA ligase”|e "Bacteria” 5604
http://purl.orthodb.org/odbgroup/13856at1224 || "Alanine--tRNA ligase”|1 "Proteobacteria” 2294
http://purl.orthodb.org/odbgroup/26372at1236||"Alanine--tRNA ligase”|2 "Gammaproteobacteria”|956
http://purl.orthodb.org/odbgroup/7453at91347 || "Alanine--tRNA ligase”|3 "Enterobacterales”  |211
http://purl.orthodb.org/odbgroup/1091at543 |"Alanine--tRNA ligase"|4 "Enterobacteriaceae” |98
http://purl.orthodb.org/odbgroup/132at561 "Alanine--tRNA ligase"|5 "Escherichia” 7

Result IRIs for org, gene are functional URLs pointing to OrthoDB pages
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Hierarchy of OGs is a paraphrase of the
gene in evolutionary retrospective

Group 132at561 at Escherichia level View Fasta | View Tab Delimited

Alanine--tRNA ligase

Group hierarchy

Bacteria i
Alanine--tRNA ligase

Functional descriptions

Functional Category

EC number

InterPro Domains

12-Dec-19

- Enterobacterales
Alanine--tRNA ligase

Proteobacteria ___ Escherichia .
Alanine--tRNA ligase Alanine--tRNA ligase
genes: 2294 Gammaproteobacteria .
Alanine—tRNA ligase Enterobacteriaceae

B Alanine--tRNA ligase

_D\g“

J: Translation, ribosomal structure and biogenesis
L: Replication, recombination and repair

F: Nucleotide transport and metabolism

T: Signal transduction mechanisms

5 genes with 6.1.1.7: alanine---tRNA ligase; ATP + L-alanine + tRNAAla = AMP + diphospt

6 genes with IPR002318: Alanine-tRNA ligase, class Ilc
7 genes with IPR0O03156: DHHA1 domain
7 genes with IPR012947: Threonyl/alanyl tRNA synthetase, SAD

Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS 17



Evolutionary stable genes persist
through hierarchy of clades

Group 13856at1224 at Proteobacteria level View Fasta | View Tab Delimited
Alanine--tRNA ligase

Group hierarchy
Gammaproteobacteria
Alanine--tRNA ligase

Bacteria
Alanine--tRNA ligase

Proteobacteria .
Alanine--tRNA ligase Alphaproteobacteria
Alanine--tRNA ligase

|- Betaproteobacteria
Alanine--tRNA ligase

delta/epsilon subdivisior
B 4\ anine--tRNA ligase

Functional descriptions

Functional Category J: Translation, ribosomal structure and biogenesis
T: Signal transduction mechanisms
L: Replication, recombination and repair
F: Nucleotide transport and metabolism

KEGG pathway 61 genes with ko00970: Aminoacyl-tRNA biosynthesis
EC number 1466 genes with 56.1.1.7: alanine---tRNA ligase; ATP + L-alanine + tRNAAla = AMP
InterPro Domains 1514 genes with IPRO18163: Threonyl/alanyl tRNA synthetase, class II-like, putativ

1517 genes with IPR023033: Alanine-tRNA ligase, eukaryota/bacteria

1516 genes with IPRO18162: Alanine-tRNA ligase, class Ilc, anti-codon-hinding don
1514 genes with IPRO02000: Translation protein, beta-barrel domain superfamily
1520 genes with IPRO18165: Alanyl-tRNA synthetase, class IIc, core domain

2290 genes with IPRO18164: Alanyl-tRNA synthetase, class IIc, N-terminal

2288 genes with IPR012947: Threonyl/alanyl tRNA synthetase, SAD

2252 genes with IPRO03156: DHHA1 domain

1520 genes with IPRO02318: Alanine-tRNA ligase, class IIc

Evolutionary descriptions

Phyletic Profile 2294 genes in 2292 species (out of 2337)
single copy in 2290 species, multi-copy in 2 species
Evolutionary Rate 0.8 WM L || ]
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BUSCO- Benchmarking Sets of
Universal Single-Copy Orthologs

BUSCO sampling space 1

1. High universality «——

Vertebrata
Mouse's n Orthologs present in

orthologous groups ]
> 90% of the species

Arthropoda ) .
Fly's (considered as universal)
orthologous groups

Fungi <] 50-90% > 90% of the species
Yeast's I:l 0-50% L
orthologous groups with single-copy genes

2. Low duplicability e————

0-10 10-20 20-30 30-40 40-50 50-60 60-70 70-80 80-90 90-100
% species with single-copy genes in universal orthologous groups

12-Dec-19 Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS
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Orthologous group predicates

<og>

12-Dec-19

‘name @ :0gTotalGenesCount @
rdfs:label @ :09SingleCopyGenesCount <I>
:0gEvolRate :0gPercentSingleCopy @
:0gMedianProteinLength @ :0gMultiCopyGenesCount <I>
:09StddevProteinLength @ :09InSpeciesCount
:ogMedianExonsCount 0 :clade TotalSpeciesCount
:0gStddevExonsCount <E> ‘ogPercentinSpecies

:xref [ ces ]

Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS 20



External references, aka xrefs

N
:Gene

[ =

LI_ <gene>

Transfer by

= quorum —— xref

~N

[ :0rthoGroup :LI

> g

LI_ <og>
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ﬂref

:xrefResource

watchPosition

:Entrezprotein

™

:Uniprot

:Entrez

|

:Ensembligenomes

:Ensembl

:Interpro

:Geneontology

:Nextprot

@

!

/




Human and zebra-fish immune system
orthologous genes: use of GO-terms

select ?gene_h_name ?gene_zf name ?o0g_description ?go_id ?go_name

where {

?gene_h a :Gene; :name ?gene_h_name; :memberOf ?og. # both genes in same OG
?gene_h up:organism/a [up:scientificName "Homo sapiens"]

?gene_zf a :Gene; :name ?gene_zf _name; :memberOf ?og. # both genes in same OG
?gene_zf up:organism/a [up:scientificName "Danio rerio"].

?0g a :0rthoGroup; :0gBuiltAt [up:scientificName "Vertebrata"];
:name ?0g_description; :ogEvolRate ?evolrate; :xref [a :Xref; :xrefResource ?xref]

?xref a :Geneontology; rdfs:label ?go_id; :name ?go_name.
filter (contains(?go_name,'immune response'))
} order by desc(?evolrate) limit 6



Genes from fastest-evolving OGs

gene h name| gene zf name og description
"cpa” "cda-1" "Immuncglobulin®
"cpa” "cda-1" "Immunoglobulin™
"IL12RB1" "si:dkey-13m1.2" "Fibronectin type III"
"Cch226" "cd226" "Immunoglobulin-like domain™
"IRF7" "irf7" "Interferon regulatory factor-3"
"IRF7" "irf7" "Interferon regulatory factor-3"
go id go_name
["60:0035397" "helper T cell enhancement of adaptive immune response”
j"GD:@B@6955" "immune response”
:"60:998282?" "positive regulation of T-helper 1 type immune response”
["Go:0002891" "positive regulation of immunoglobulin mediated immune response”
j"GD:BBBEElQ" "regulation of adaptive immune response”
:"60:3916@64" "immunoglobulin mediated immune response”
12-Dec-19 Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS
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Genes from slowest-evolving OGs

gene h name gene zf name og description

"RBPJ" "rbpjb" "RBP-J/Cbf11/Cbf12, DNA binding"

"RBPJ" "rbpja" "RBP-J1/Cbf11/Cbf12, DNA binding"

"RBPJ" "rbpja" "RBP-J/Cbf11/Cbf12, DNA binding"

"RBPJ" "rbpjb" "RBP-J/Cbf11/Cbf12, DNA binding"
"DKFZp686D10173;POLR3B"||"polr3b” "RNA polymerase Rpb2, domain 2"
"DKFZp686D10173;POLR3B"||"polr3b” "RNA polymerase Rpb2, domain 2"

"ILF2" "ilf2" "interleukin enhancer-binding factor 2"
"RPS6" "rpse” "Ribosomal protein S6e”

go id g0 name

"G0:2BB6959" ||"humoral immune response”

"G0:20086959" ||"humoral immune response”

"G0:0006959" |"humoral immune response”

"G0:PBB6959" ||"humoral immune response”

"G0:0045089" ||"positive regulation of innate immune response”

"G0:0045089" ||"positive regulation of innate immune response”

"G0:PBL6955" ||"immune response”

"G0:0002309" ||"T cell proliferation involved in immune response”

12-Dec-19 Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS



Federation OrthoDB - NextProt

prefix : <http://purl.orthodb.org/>
PREFIX np: <http://nextprot.org/rdf#>

select distinct ?gene_h_name ?gene_zf _name ?disease
where {
service <https://sparql.nextprot.org/> {
select ?entry ?disease WHERE {
?entry np:isoform / np:disease / rdfs:comment ?disease
}limit 99
}
?gene rdfs:seeAlso ?entry; :name ?gene_h_name; :memberOf /:hasMember ?gene?2.
?gene2 :name ?gene_zf name; up:organism/a [up:scientificName "Danio rerio"].
} limit 20



/F orthologues of human genes
implicated in a disease

gene h name

gene zf name

"ERG"

|"fev"

”"Ewing sarcoma (ES) [MIM:612219]: A highly malignant, metastatic,

"MYLK" ”"mylkS" ”"Megacystis—microcolon—intestinal hypoperistalsis syndrome"~~<htt
"MYLK" ”"mylkS" ”"Aortic aneurysm, familial thoracic 7 (AAT7) [MIM:613780]: A dise
"MYLK" ”"mylkS" ”"Familial thoracic aortic aneurysm and aortic dissection"~#<http:
"MYLK" ”"mylkb" ”"Megacystis—microcolon—intestinal hypoperistalsis syndrome"”~"<htt
"MYLK" ”"mylkb" ”"ﬂortic aneurysm, familial thoracic 7 (AAT7) [MIM:613780]: A dise
"MYLK" ”"mylkb" ”"Familial thoracic aortic aneurysm and aortic dissection"~~<http:
"MYLK" ”"mylka" ”"Megacystis—microcolon—intestinal hypoperistalsis syndrome”~"<htt
"MYLK" ”"mylka" ”"Aortic aneurysm, familial thoracic 7 (AAT7) [MIM:613780]: A dise
"MYLK" ”"mylka" ”"Familial thoracic aortic aneurysm and aortic dissection"~~<http:
"ERG" ”"erg" ”"Ewing sarcoma (ES) [MIM:612219]: A highly malignant, metastatic,
"ERG" ”"flila" ”"Ewing sarcoma (ES) [MIM:612219]: A highly malignant, metastatic,
"ERG" |"fliib" ”"Ewing sarcoma (ES) [MIM:612219]: A highly malignant, metastatic,
"AIRE" ”"phlea" |"Familial isolated hypoparathyroidism due to impaired PTH secreti
"AIRE" ”"phlea" ”"ﬁutoimmune polyendocrinopathy type 1"~~<http://www.w3.org/2001/>
"AIRE" ”"phflla“ ”"Auteimmune polyendocrine syndrome 1, with or without reversible
"PATL2" ”"5i:ch211—1@3b1.2"”"Female infertility due to oocyte meiotic arrest"AA<http://www.wz
"PATL2" ["si:ch211-103b1.2"|"0Oocyte maturation defect 4 (0OMD4) [MIM:617743]: An infertility
12-Dec-19 Dmitry Kuznetsov, CEGG/SIB @ SWAT4HCLS 26



Federation OrthoDB - OMA

select * where {

?gene_odb a :Gene; :name ?gene_name_odb; rdfs:seeAlso ?up;
:memberOf/:name ?0g_name.

filter (Pup = uniprot:P12345)

service <https://sparql.omabrowser.org/> {
?gene_oma a orth:Protein; rdfs:label ?gene_name_oma; Iscr:xrefUniprot ?up.
?node orth:hasHomologousMember* ?gene_oma .

Himit 3

gene odb gene name_odb up 0g_name
http://purl.orthodb.org/odbgene/9986_0_0010c¢7|"coT2" http://purl.uniprot.org/uniprot/P12345|"Pyridoxal phosphate-dependent transferase”
http://purl.orthodb.org/odbgene/9986_0_0010c7|"coT2" http://purl.uniprot.org/uniprot/P12345| "Pyridoxal phosphate-dependent transferase”
‘h_rrp:_..-".-"purl.m'thodb.or,c_r..-"odbgene..-"9986 0 OOIOCTH"GOTz" "h_rtp:_..-".-"purl.llllipro‘r.org.mpmt.-’P12345”"Pyridoxal phosphate-dependent transferase"”

gene oma gene name oma node
https://omabrowser.org/oma/info/RABIT10926|"GoT2" http://omabrowser.org/ontology/omafzPARAL OG_GROUP 685335 462
https://omabrowser.org/oma/info/RABIT10926| "coT2" http://omabrowser.org/ontology/oma#GROUP 685335 Theria 483
h_mjs:..-"'..-"'omabrowsel‘.01‘g..-"'0111&-"'1'111’0.-"&%]3ITl0926”"GOT2" Hh_mj:..-"'.-"0111abrowser.01‘2.-"'011t0102&!.-"’011121#GROUP 685335 Metazoa 408
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OrthoDB rank @ YummyData —

Score Ranking

Life Science Dictionary http://lsd.dbcls.jp/spargl
Yu mmyData Colil http://colil.dbels.jp/spargl
N =
DEDNT—H
OrthoDB @ sib.swiss http://spargl.orthodb.org/sparg|
DASHBOARD
Rhea https://spargl.rhea-db.org/spargl
ABOUT
Allie http://data.allie.dbcls.jp/sparg|
RANKED ENDPOINTS
ENDPOINT SEARCH Bio2RDF http://bio2rdf org/spargl
LINK GRAPH Agronomic Linked Data (AgroLD) http://spargl.southgreen.fr/
FORUM
WikiPathways http://spargl.wikipathways.org
CONTACT US
Linked Open Data platform for EBI data http:/Awww.ebi.ac.uk/rdf/services/spargl
TERMS AND

https://vummydata.org/endpoints
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validity
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100 Y

90
80
70
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freshness
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95
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