Ensembl Gene Trees &
Annotation propagation

Javier Herrero & Glenn Proctor
Vertebrate Genomics Team
EMBL-EBI

Wellcome Trust Genome Campus
Hinxton CB10 1SD, UK

EMBL-EBI i .

wellcome trust
sanger
Institute




GeneTree pipeline overview

Load Genes and Longest

Translation from all species n», | WU Blastp + SmithWaterman
in Ensembl longest translation of every
Gene against every other in a
genome-wise manner

Build a graph of gene
relations

(150M links - v53) Hcluster sg

Hierarchical clustering
(max_count 1500)
For each cluster, build a
multiple alignment (MCoffee) g/ From each CDS-backtranslated
based on the protein +». | aligment, build a reconciled
SEQUENCES gene tree with internal
duplication nodes with respect

Interence of ortholog and to a species tree (TreeBeST)
paralogs (OrthoTree) '
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TreeBeST - treemerge

« ML-AA-WAG4 - WAG matrix aminoacidic model -
Maximum Likelihood (PHYML)

- ML-NT-HKY85 - Hasegawa-Kishino-Yano
nucleotidic model - Maximum Likelihood (PHYML)

 NJ-NT-p-distance - any substitutions - neighbor-
joining with bootstrap

NJ-NT-dN - non-syn substitutions - neighbor-
joining with bootstrap

NJ-NT-dS - synonymous substitutions - neighbor-
joining with bootstrap

Curated tree topology (if provided)
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Each method performs best ata g
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ENSLAFG00000003046 Loxodonta africana
ENSETEG00000013364 Echinops telfairi
LOC507878 Bos taurus
ENSMLUG00000004086 Myotis lucifugus
ENSFCAG00000015479 Felis catus
484782 Canis familiatis
ENSEEUG00000009459 Erinaceus europaeus
ENSSARG00000008529 Sorex araneus
o Scap Mus musculus
Scap_predicted Rattus norvegicus
ENSSTOG00000015965 Spermophilus tricedem.
ENSOCUG00000003152 Oryctolagus cuniculus
SCAP Homo sapiens
SCAP Pan troglodytes
SCAP Macaca mulatta
ENSOGAG00000002279 Otolemur garnettii
—— SCAP Monodelphis domestica
Q5F3Q8_CHICK Gallus gallus
SCAP Xenopus tropicalis
ENSGACG00000012618 Gasterosteus aculeatus
L ENSORLG00000015864 Oryzias latipes
ENSORLG00000015859 Oryzias latipes
T SINFRUG00000139640 Takifugu rubripes
_E- GSTENG00006835001 Tetraodon nigroviridis
—_— LOC558292 Danio rerio
ENSD, 3722 Danio rerio
) ] ENSCSAVG00000007555 Ciona savignyi
T ENSCI 0 Ciona
AGAP011336 Anopheles gambiae
.li;—:- AAEL000798 Aedes aegypti

SCAP Drosophila melanogaster
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Homology inference

Hsapl
\ ortholog one2one
) Hsapl:Mmusl

® Duplication node Mmus1l

W Speciation node between_species_paralog

Mmusl:Hsap2
Hsap?2
within_species paralog
Hsap2:Hsap2' Homo sapiens
Hsap?2' ortholog_many2many
Hsap2:Mmus2, Hsap2:Mmus2',
Hsap2':Mmus2, Hsap2':Mmus2'

within_species paralog

ontoglires Mmus2:Mmus2' Mus musculus

Hsap3

yortholog_one2Zmany
Hsap3:Mmus3,
Hsap3:Mmus3'

Mmus3 L .
within_species_paralog

Mmus2':Mmus3'

Mmus3! Euarchontoglires
Recoﬁ“c-i-l-éd"dé.ne tree Mu.l.tiple H;,}};'O'gé';,',}',ference
Sequence
Alignment
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A special case of homology

No duplication observed
in any species

between-species paralog

M:R, H:R
M
H
apparent_ortholog_one2one
—V M:R, H:R
H Duplication node H Duplication node R
B Speciation node B Speciation node

8 Ambiguous node

Orthologues : any gene pairwise relation where the ancestor node is a SPECIATION event.
Paralogues : any gene pairwise relation where the ancestor node is a DUPLICATION event.
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Gene splits

. DNAJC13 is split in platypus:

Hsap Chr. 3 132.14 Mb 132.16 Mb 132,18 Mb 132.20 Mb 132.22 Mb 132.24 Mb '132.2l

I - - — 135.17 Kb Forward strand me—
r T LILLI L]
DMAJC1S =

Known protein coding Ensambl/Hav ana merge gene

= AC0Z0633. 3

Ens=mblHavana g...

Contigs = ACOZ0G63Z 16

H.zap-0.ana blastz. ..
—mm Feverse strand

Hsap Chr. 3 132.14 Mb 132.16 Mb /'1/92.18 Mb '1:)9(20 Mb 132.22 Mb 122.24 Mb 132.24
—-ip =l ; bt
iGene Legend I Known protein coding

— Orthologue 1-to-many or many-ta-mnany
Qana Ultrall? "4.66 Wb 4.64 Mb 4.62 Mb 4.60 Mb ‘.,H 452 Mb 4.56 Mb 4.54 Mb

I 135.17 Kb Rewverse strand me—
H.sap-O.ana blastz... . /
Ensembl gene ENSOANGO0000006775 ENSOANGDO000006776 =

Mowvel protein coding Ensembl gene Nowvel protein coding Ensembl gene

Contigs I cortigzsiss= Contig 25.200 =

—mil Forwared strand 135.17 Kk |
Qana Ultrall? 4,66 Mb .64 Mb 4.62 Mb .60 Mb 452 Mb 4.56 Mb .54 Mb
Gene Legend B Novel protein coding

— Orthalogue 1to4many or many-to-4many

. We annotate them as gene split instead of within-species
paralogues
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Gene splits

IPI00591975.3 Gallus gallus

———— . Most of the splits are in:

DNAIC132 Analis caralinensis

DNAIC13 Monedelphis domestica
4{2 DMAC13 Macropus eugenii .
m pimates: 3 hamalogs N ST (1 N — anole Ilzard, platypus,
— Dnajcl3d Mus musalus

zebrafish, macaque, frog, dog,

Dnajel 3 Dipedomys ordii

DNAJC13 Spermaphilus tride cemlineatus Ze b ra fi n Ch

DNAJC13 Cavia porcellus

E DMAC13 Oryetolagus cuniculus
DNAJC13 Ochetona princeps

— T i Feedback to genebuilders

E DNAC13 Choloepus hoffmanni

DNAJC13 Dasypus noverndnctus
-
[ DNAC13 Loxadonta africana

N e *  ldeally, we want to see
N | |76 ottt T them together in the tree

—0 DNA|C13 Tupaia belangeri

ENSOANGOO000006775 Omithathynchus anatinus
ENSOANGOO000006776 Omithamynchus anatinus

4€:ENS}(HGUUUUUU252EBXenopu! tropicalis L Copy & paste the m iSSing

ENSXET GOO000025270 Xenopus tropicalis

0T T v sequence to the other part

ENSXET GO000000 1850 Xenopus tropicalis
—= Percomarpha: 4hamalags I BN [ VT (WNWE.

ENSCINGD00D0012854 Ciona intestinalis Of the gene

ENSCINGO00 000065 10 Ciona intestinalis

ENSCSASGO0000007 447 Ciona savignyi

0 Rme-2 Drosaphil | an g aster
---0 me-8 Caenorhabditis elegans
LEGEND
—— 1 branch length Gene ID current gene ¥ speciation node collapsed sub-ree AL alignment match/mism
--- %10 branch length Gene ID within-sp. paralog n duplication node collapsed (current gene) [l AA consensus > 66% (mis)
-.. x100branch length ambiguousnode 1 collapszd (paralog) I AA conssnsus > 33% (mis)

AA alignment gap
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Gene splits

3

colapsed subrtree
colapsed (curentgene)
colapsad (pamlog)

AA alignment match/mis match
AA consensus =66% (misjmatch
AA consensus =33% (misjmatch
AAalignment gap

ENSMG AGOD0000DA 442 Meleaghs galopa
ENSGALGO00000 11678 Gallus galus
IPI00531975.3 Gallus gallus ENSTGUG00000004305 Taeriopygia guttatn
DNAJC13 Taeniopygia guttata ENS TG LG000000 14955 Tasniopygia gutbm
DNAIC132 Analis caralinensis 0 Anoli
DNAJC12 Manodelphis domestica ENSMO DEm000001 1724 Manadelphis domestica
Z DNAIC13 Macropus eugenii _+:.|; ENSMELG000000118982 Macropus eugeri
] Primates: 9 hamolags
— ENSD 1D
_| Dnajcl3 Mus musailus _| ENS LAFGM000028054 Lomndonta aficam
NP_001102246,1 Rattus norvegiols ENS LAFG00000014998 Loxodonta africars
i
Dnajel 3 Dipedomys ordii \\ ENS PCAGDD000004650 Procaiia capersis
DNAJC13 Spermophilus tridecemlineatus N ENSET 14833
L
DNAJC13 Cavia porcellus Laurasiatheria: 8 hormalogs
a :
E DMAC13 Oryetolagus cuniculus EMNEM LS G0o000005457 4 Mus musaulus
I L DNAJC13 Ochetona princeps L o ENSMUSGooooo0z=60 Mus musculus
¥ — L1 Dnajcl3 Mus musaulus ENS RNOG00000011 481 Fallus norvegicus
E DN&|C13 Choloepus hoffmanni I_' ENE Ll Boa e pEn 22 B A B i
DNAJC13 Dasypus noverndnctus ENSS
A g X ENECPOGI000008EET Cmia porcellus
[ DNAC13 Loxadonta africana
ENSOCUE00000000887 Oryctolagus cuniculus
DWA|C13 Procavia capensis
ENSO P RG00000004107 Ochatona pinceps
\ DNAJC13 Echinops teffairi \
hesctivora: 2 homdogs
\ n Laurasiatheria: 11 homalogs Prirrmtes: 8 homalogs
N
—0 DNA|C13 Tupaia belangeri \ ! ENSTEEGI000001 4834 Tupain belmgeri
ENSOANGOO000006775 Omithathynchus anatinus \ E ENSOA 3
ENSOANGOO000006776 Omithamynchus anatinus ENSOA 8 Ornil
ENSXET 600000025269 Xanapus trapicalis -£ e
E': ENSXET 600000025270 Xenopus tropicalis 'L ENSXE Henopuz tropicalia
. . EMNSXETGEI0000025270 Jenopus opcalis
ENSTGUGO00000 14955 Taeniopygia guttata
+  — | Percormarpha: 4 hormologs
ENSXET GO000000 1850 Xenopus tropicalis
4 Ciormi
——= Percomompha: 4 hamologs "'—£
Cionai
ENSCINGOD000012854 Ciona intestinalis T . L
) Ciona swignyi
ENSCINGO00000065 10 Ciona intestinalis S ———
ENSCSAVGOO000DOT 447 Ciona savigmi | |..___ 0 Fi8C12 2 Casnarhabdtis elegans
X LEGEMND
{1 Rme-8 Drosophila melanogaster — %1 bmnch kngth Gene D cument gene » speciation node
- -0 rme-& Caenorhabditis elegans --- x10 banch kngth Gene |D withinsp. parakbg n duplication node
LEGEND » --- x100 branch kength ambiguous node
—— 1 branch length Gene ID current gene ¥ speciation node —
--- %10 branch length Gene ID within-sp. paralog n duplication node collapsed (current gene) [l AA consensus = 66% (mis)
-.. x100branch length ambiguousnode collapszd (paralog) I AA conssnsus > 33% (mis)
AA alignment gap
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Orthologues in forthcoming e! 58

. Human-dog

Apparent 1:1 orthologues

many:many orthologues 2095 (358 human genes)
. Human-zebrafish

Apparent 1:1 orthologues 187

many:many orthologues 5034 (933 human genes)

NB: These values include ncRNA genes as well
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Gene name projections

. From human and mouse to all vertebrates

—  Use the 1:1 orthologs
. From human to fish

—  Use the 1:many orthologs

—  Names become NAME (1 of 3), NAME (2 of 3), etc.
. Rules:

— if source gene has an HGNC name, and target
gene has no name or only a RefSeq predicted
name, add name to target gene.

—  Change status to “KNOWN_BY_ PROJECTION”
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GO term projections

. Use the 1:1 orthologs only

. From human and mouse to all vertebrates
. From rat to human and mouse

. From zebrafish to other fish

. From human to zebrafish

. Rules:

— add GO terms from source gene to target gene,
avoiding duplicates. Only project source GO terms
with evidence codes IDA, IEP, IGI, IMP, IPI.

—  Projected GO terms on target gene are given
evidence code |IEA.
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