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What is Ensembl Compara?

A single database which contains precalculated
comparative genomics data and which is linked to
all the Ensembl Species databases.

Access via perl APl and mysq|

A production system for generating that database

(not in this presentation)

EMBL-EBI
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Image obtained using Dendroscope (D.H. Huson and C Scornavacca,
Dendroscope 3: An interactive tool for rooted phylogenetic trees and

networks, Systematic Biology, 2012)
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Help & Useful documentation

perldoc — Viewer for inline APl documentation
— shell> perldoc Bio::EnsEMBL::Compara: :GenomeDB
— shell> perldoc Bio::EnsEMBL: :Compara: :DBSQL: :MemberAdaptor

Online documents (website)
- http://www.ensembl.org/info/docs/Doxygen/compara-api/index.htmi
- http://www.ensembl.org/info/docs/api/compara/index.html

- CVS
- ensembl-compara/docs/protein_schema.png
- ensembl-compara/docs/genomic_schema.png

ensembl-dev mailing list:
- dev@ensembl.org
- helpdesk@ensembl.org
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Compara data

Genome level (this afternoon)

Gene level (now!)

Families (clusters of proteins + multiple align.)

EMBL-EBI

Bsanger e/



Javier Hererro

| i

Leo Godon Miguel Pignatelli

BYsanger e/




Outline of the course

 |ntroduction about Compara

— Resources

- AP -

 Base objects

- Genes, peptides, RNAs

— Multiple / pairwise alignments

« Data objects

— Families

— (Gene trees

- Homologies

EMBL-EBI

Bsanger e/



The Compara Perl API

e Written in Object-Oriented Perl

 Used to retrieve data from and store data into the Ensembl
Compara database

» Links species together for Ensembl website
e Generalized to extend to non-Ensembl genomic data (Uniprot)

* Follows same ‘Data Object’ & ‘Object Adaptor’ DBAdaptor
design as the other Ensembl APIs

EMBL-EBI



Compara template script

use strict;
use Bio::EnsEMBL::Registry;
my Sreg = "Bio::EnsEMBL::Registry";

Sreg->load registry from db(
-host => "ensembldb.ensembl.org",
-user => "anonymous"

) ;
my Sxx adaptor = Sreg->get adaptor ("Multi", "compara", "XX");

my Sall interesting xx = Sxx adaptor->fetch all by YY();

print "All XX objects from E!Compara :\n";
foreach my Sthis xx (€Sall interesting xx) {

print "\t", Sthis xx->stable id, "\n";
} _ _




Compara object model overview
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Overview of Member objects

Compara Core
GeneMember: ot Gone (|
ENSEMBLGENE el

A

A

get all SegMdmbers ()
gene member ()

get Transcirppt ()
SeqMember: Z

ENSEMBLPEP get Translgtion()
ENSEMBLTRANS

N
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(*)Member object / (*)MemberAdaptor

 GeneMember / GeneMemberAdaptor for genes
ENSEMBLGENE

« SegMember / SegMemberAdaptor for RNAs and proteins

ENSEMBLPEP, ENSEMBLTRANS, Uniprot/SPTREMBL, Uniprot/SWISSPROT

» Objects share most their properties:

$seq member adaptor->fetch by source stable id(...)
$gene member adaptor->fetch all by source taxon(...)

Attributes Methods
Stable ID Smember->stable id()
Coordinates Smember->chr name ()

smember->chr start () ..

Sequence (SegMember only) smember->sequence ()
Function Smember->description ()

BYsanger e/




HOWTO: get a GeneMember from a
gene symbol

 Compara only references genes by their Ensembl stable |D

 From a gene symbol, you first have to use the core API to
get the stable id(s)

 Gene symbols may not be unique (for instance: UG)

my Shg adaptor = Sreg->get adaptor ("human", "core", "Gene");

my Sall genes = Shg adaptor->fetch all by external name (XX) ;

foreach my Sgene ((@{Sall genes}) {
do some stuff with Sgene->stable id();

}

EMBL-EBI
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Exercises - Member

* Print the sequence of the Member corresponding to
SwissProt protein 093279

* Find the Member(s) for the human ncRNA gene(s) FAM41C

* Find and print the sequence of all the peptide Members
corresponding to the human protein-coding gene(s) FRAS1

EMBL-EBI
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AlignedMemberSet object

» Base object that represents a set of members aligned
together, e.g. a multiple alignment of peptides / ncRNAs

* “Applied” in gene trees, families, and homologies

* No specific adaptor

Attributes Methods
List of members Saln->get all Members ()

Alignment (BioPerl object) Saln->get SimpleAlign()
Description (if available) Saln->description ()
Stable ID (if available) Saln->stable id()

EMBL-EBI
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HOWTO: print a BioPerl alignment

 Compara objects return alignments as BioPerl instances

$aln->get SimpleAlign ()

BioPerl provides an AlignlO object to format the actual
output in various formats (fasta, clustalw, phylip ... )

use Bio::AlignlO;
my $alignIO = Bio::AlignIO->newFh (-format => "fasta");

print $alignIO Saln;

EMBL-EBI
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Families

Families are clusters of similar peptides

Ensembl
(all transcripts)

Uniprot/SWISSPROT Uniprot/SPTREMBL
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Example on the web:
ENSFM00500000271501 in Zebrafish

ZEBRAFISH genes in this family

Ensembl genes containing proteins in family ENSFMO0500000271501

o
N
o
o
o
o
e
o
of
=

Gene ID and Location Gene Mame Description(it known)

ENSDARGO0000041086 CABZ010T1177.1 Uncharacterized protein

Chmmosome 7: 75.50m [Source:UniProtKB/TrEMBEL, Acc:F1QLIFT]
ENSDARGO0000024771 slc24as solute carrier family 24, member 5 [Source: ZFIN; Acc: ZDB-
Chmmosome 18: 4.64m GEME-031210-1]

BYsanger e, EMBL-EBI

institute ()




Family object / FamilyAdaptor

 Represents a group of similar peptide members

$family adaptor->fetch all by Member(...)
$family adaptor->fetch by stable id(...)

* Alternative transcripts can belong to different families ! A
Families contain both SegMembers and GeneMembers

e (almost) the same methods as in AlignedMemberSet

Attributes Methods
Alignment Sfamily->get SimpleAlign ()
Biological function Sfamily->description ()

sfamily->description score ()

Gene content Sfamily->get all Members ()

BYsanger e/




Exercises - Families

» Get the multiple alignment corresponding to the family
with the stable id ENSFM00250000006121

» Get the families predicted for the human gene
ENSG00000139618. What do you notice ?

EMBL-EBI
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GeneTree example on the website

Tree Multiple alignment

- N A\

I — SMORD 126, Macropus eugenii
L 1 SNORD126, Sarcophilus harisii

0 SMORD 126, Sarcophilus harisii

—-—

0 SNORD 126, Macropus eugeni

SNORD 126, Pan troglodytes
SNORD 126, Homo sapiens

1 SMORD 126, Nomascus leucogenys

L SNORD 126, Callithric jacchus

SNORD 126, Tarsius syrichta

—————————————0 SNORD126, Tupaia belangeri

SNORD 126, Choloepus hoffmanni

SNORD 126, Dasypus novem cindus
SNORD 126, Loxodonta africana
SNORD 126, Procawia cap ensis

O SMORD 126, Ochotona princeps
SMORD 126, Pteropus vampyrus

SMORD 126, Myotis Ludfugus

SNORD 126, Vicugna pacos

———0 SNORD 126, Felis catus

E;E)TPbranch length Gene ID current gene m speciation node collapsed sub-tree I AA alignment match/mismatch

--- x10branch length Gene ID within-sp. paralog . d“pl'_‘at"’” node collapsed (current gene) B AA consensus > 66% (misimatch

--- %100 branch length = ambiguous node 1 collapsed (paralog) I AA consensus = 33% (misimatch
@ gene split event — AA alignment gap
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Protein-Tree pipeline overview

—% All e/ genes — canonical prot.

|
all-vs-all blastp BLAST

+ hcluster_sg

hcluster_sg

MCoffee: MSA

M=l

TreeBeST: (+ reconciliation)

— -1l
-ﬁn-—um:gk
/

- -

m_

Orthologs & Paralo

s Ortholog/Paralog inference

Vilella et al., Genome Res. 2009
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NncRNA-Tree pipeline overview

A A
% All e/ ncRNA genes

—% %" % G = Grouped in Family Models - RFAM

Infernal alignment + RaxML trees

PRANK alignment + NJ/ML trees

+
S N -
= |__|__':§ == E TreeBeST (tree reconciliation)

SR,

s Ortholog/Paralog inference

Pignatelli et al., in preparation

B e/




Gene Tree object /| Gene TreeAdaptor

 Represents a set of members, in a phylogenetic tree

Sgenetree adaptor->fetch by stable id(...)
Sgenetree adaptor->fetch default for Member(...)

» fetch all* methods require some more arguments:
—clusterset id => 'default'

—-tree type => 'tree'
-member type => 'protein' or 'ncrna'

Alignment Stree->get SimpleAlign()
Stable ID Stree->stable id()
Tree export Stree->newick format ('simple')

stree->nhx format ('full')

stree->print tree()
EMBL-EBI
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Gene TreeNode object

The actual tree structure is a hierarchy of Gene TreeNode objects

4 N

AN

Y

GeneTree
4

A

[ hY
ear2 o0 -/
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Gene TreeNode object

The actual tree structure is a hierarchy of Gene TreeNode objects

is leaf() == 0 \

/\children ()

\ is leaf () == 0

GeneTree
b g is leaf() == 1

Achi Idren ()

y A

\ is leaf() == 1 is leaf() == y

Additional information is stored with “tags”

$node->get all tags()
$node->get tagvalue('node type') or 'taxon name', 'bootstrap'

BYsanger e/




Exercises — Protein and ncRNA trees

* Print the protein tree with the stable id
ENSGT00390000003602

* Print all the members of the tree containing the human
NcRNA gene ENSG00000238344

e Count the number of duplication events in the tree of the
zebrafish protein-coding gene ENSDARG00000003399

EMBL-EBI
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Homology inference

m Duplication node
m Speciation node

Euarshontoglires
(suprapgjmates)

Schematic gene tree
containing 2 species
Hsap and Mmus (numbers
point te different genes)

Reconciled gene tree Multiple
Sequence
Alignment

[4 wellcome trust
BYsanger e,
Institute

Consists in tagging the
pairs of genes of all the
trees with a relation type,
depending on the tree
topology.

EMBL-EBI



Homology inference

m Duplication node

®m Speciation node

Hsap?

Hsap2'

Mrmus2

Mmus2'

Hsap3

Mmus3

Schematic gene tree
containing 2 species
Hsap and Mmus (numbers
point te different genes)

Mmus3®
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Homology inference

wellcome trust

Sdan

institute

ger

m Duplication node
®m Speciation node

Hsap2 . _
within_species_paralog
HsapZ:Hsap2' Homo sapiens
Hsap2'

Mmus2
within_species paralog
MmusZ2:Mmus2' Mus musculus
Mmus2'

Hsap3

Schematic gene tree Mmus3

containing 2 species
Hsap and Mmus (numbers
point te different genes)

within species paralog
Mmus2":Mmus3'
Mmus3* Euarchontoglires
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Homology inference

m Duplication node
®m Speciation node

Hsap?
Hsap2'

Mrmus2

Mmus2'

Hsap3 «_
\":." Ot "||'||.."||': oneZmany
3:Mmus3,

AHsap3
Mmus3-" |~

Schematic gene tree
containing 2 species
Hsap and Mmus (numbers
point te different genes)

Mmus3'
/

Mmus3®
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Homology inference

m Duplication node

m Speciation node between _species_paralog

Mmusl:Hsap2

within_species_paralog
HsapZ:Hsap2' Homo sapiens

’ 1\". ortholog manyZmany

A \Hsap2:Mmus2, Hsap2:Mmus2',
- 2':Mmus2, Hsap2':Mmus2

within_species paralog
Mmus2:Mmus2' Mus musculus

Schematic gene tree
containing 2 species
Hsap and Mmus (numbers
point te different genes)

within species paralog
Mmus2':Mmus3'
Euarchontoglires

BYsanger e, EMBL-EBI
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Homology object /| HomologyAdaptor

 Represents a relationship between two members

Shomology adaptor->fetch all by Member(...)
Shomology adaptor->fetch all by MethodLinkSpeciesSet(..)
$homology adaptor->fetch all by Member paired species(..)

« One-to-many relationships are split: A
- “H ortholog to M1” and “H ortholog to M2” are different objects

Alignment Shomology->get SimpleAlign ()
Natural selection Shomology->dn () / Shomology->ds ()
Gene content Shomology->get all GeneMembers ()
Homology characteristics Shomology->description ()

shomology->taxonomy level ()

EMBL-EBI

Node in the gene tree Shomology->node id ()
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Exercises - Homologies

» Get all the homologues for the human gene
ENSG00000229314

e Count the number of “one2one” homologues between human
and mouse

* Find the human orthologues of ENSMUSG00000004843 and
ENSMUSG00000025746. For each homology, display the
alignment and the dn value. Comment on the divergence

el



