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5 BYsanger
Ensembl Compara

lﬂ@

A single database which contains precalculated
comparative genomics data and which 1s linked to
all the Ensembl Species databases.

Access via web 1nterface, perl API and mysql

A production system for generating that database
Sep 2008



=i Blsanger
Studying the evolution

* Comparing extant species

* Protein level h
* Multiple alignments

* Gene Trees (protein

. n region
trees) Conserved regions

> * Non-conserved-regions

* Genomic level . .
o . * Lineage-specific changes
* Pairwise alignments

* Multiple alignments

* Syntenies y
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Load Genes and Longest
Translation from all species
in Ensembl

Build a graph of gene
relations based on
BRH and BSR

For each cluster, build a
multiple alignment (MUSCLE)
based on the protein
seguences

Interence of ortholog and
paralogs (OrthoTree)

I¥sanger

institute

WU Blastp + SmithWaterman
longest translation of every
Gene against every otherin a
genome-wise manner

From each aligment, build a
reconciled gene tree
with internal duplication
nodes wrt a species tree
(TreeBest)

BSR: Blast Score Ratio. When 2 proteins P1 and P2 are compared,
BSR=scoreP1P2/max(self-scoreP1 or self-scoreP2). The default threshold used

in the initial clustering step is 0.33.
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TreeBeST — treemerge algorithm

e 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)

Sep 2008
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TreeBeST approach
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E_ ENSLAFG00000003046 Loxodonta africana
ENSETEG00000013364 Echinops telfairi

LOC507878 Bos taurus
ENSMLUG00000004086 Myotis lucifugus
ENSFCAG00000015479 Felis catus
484782 Canis familiaris
1 ENSEEUGO00000009459 Erinaceus europaeus
ENSSARG0O0000008529 Sorex araneus
E.—-E:
{
—

Scap Mus musculus
Scap_predicted Rattus norvegicus

. ENSSTOG00000015965 Spermophilus tricedem.

ENSOCUGO00000003152 Oryctolagus cuniculus
SCAP Homo sapiens
SCAP Pan troglodytes
SCAP Macaca mulatta
ENSOGAGO00000002279 Otolemur garnettii
SCAP Monodelphis domestica
Q5F3Q8_CHICK Gallus gallus
SCAP Xenopus tropicalis
ENSGACGO00000012618 Gasterosteus aculeatus
ENSORLG00000015864 Oryzias latipes
ENSORLG00000015859 Oryzias latipes
SINFRUG00000139640 Takifugu rubripes
GSTENGO00006835001 Tetraodon nigroviridis

———————mm LOC558292 Danio rerio

ENSDARGO0000053722 Danio rerio
ENSCSAVG00000007555 Ciona savignyi
- ENSCING00000008250 Ciona intestinalis

L

AGAP011336 Anopheles gambiae
AAELO00798 Aedes aegypti
SCAP Drosophila melanogaster

=m  scp-1 Caenorhabditis elegans
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Homology inference

Hsapl
\\ ortholog_one2one
) Hsapl:Mmusl

® Duplication node Mmusl

®m Speciation node between species paralog

Mmusl:Hsap2

Hsap?2 o .
within_species_paralog

Hsap2:Hsap2' Homo sapiens

Hsap2' ortholog_many2many
\Hsap2:Mmus2, Hsap2:Mmus2',

Hsap2':Mmus2, Hsap2':Mmus2'

within_species_paralog

ontoglires Mmus2:Mmus2' Mus musculus

Hsap3

yortholog_one2many
Hsap3:Mmus3,

Mmus3 IHsap3:Mmus3'

within_species paralog
Mmus2':Mmus3'
Euarchontoglires

'
.....
- .
. .
R I T
-------------
....................

------
---------
-----------
.........................

Reconciled gene tree Multiple Homology Inference
Sequence
Alignment
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Dubious duplications |

Mmus m Duplication node

m Speciation node

Rnor

Mmus
Hsap
> Rnor
Hsap
apparent_ortholog_oneZone
_ Mrmius:Rnor
sap
Jubious licati
_ .[ Lo _Dup cation apparent_ortholog oneZone
species_intersection_score=0 £Mmus’ Hsap:Rnor -
Rnor

Orthologues : any gene pairwise relation where the ancestor node is a SPECIATION event.
Sep 2008 Paralogues : any gene pairwise relation where the ancestor node is a DUPLICATION event.



Topological timing of
duplication events

@ Fungi_Metazoa_Group
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Primates
\/ ~
Catarrhini
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\
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T
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Duplication rate (blue: internal nodes, red: species-level nodes)
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‘ Saccharomyces cerevisiae
Caenorhabditis elegans

Drosophila melanogaster
Anopheles gambiae
Aedes aegypti

Ciona intestinalis

Ciona savignyi

' Danio rerio

Tetraodon nigroviridis
Takifugu rubripes

Oryzias latipes
Gasterosteus aculeatus

Xenopus tropicalis
Gallus gallus
Ornithorhynchus anatinus
Monodelphis domestica

Dasypus novemcinctus

Bos taurus

Erinaceus europaeus
Myotis lucifugus

Felis catus

Canis familiaris
Tupaia belangeri
Oryctolagus cuniculus

Rattus norvegicus
Mus musculus
Otolemur garnettii

Macaca mulatta

Pan troglodytes
Homo sapiens
Loxodonta africana

Echinops telfairi
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Sitewise dN/dS

wielloome trust

8 >din

institute

* Looking for nonneutral evolution at specific codons in the

alignments

* SLR by Massingham and Goldman (EBI)
Doable in 24hr x 400CPUs

SLREnsembl
saturation

-- Choosing subtrees based on dS

Calour Calculal |,&J|I Hefpo |
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Gene Tree in Ensembl

ERCAZ Takifugu nbripes | B

GSTENGIO0301 70001 Tetraodm nigroviridis I

BRCAZ Gasterceteus acdeatus I_:.:
W ERr a2 Oryzias latipes [ 1 ||

BRCAZ Homo sapiens
CE8HAD1_PANT R Pan roglodytes
ERCAZ Pongo pygmasus
ERCAZ Macaca mulatta
ERCAZ Moroozebus murinus
— ™ proaz Tupaia bdangeri
MGI109337 Mus musculus
BroaZ<i=2sup=m Lwmfi=<fsup> Ratus norvegicus
BRCAZ Spemaphilus ridecamineatus
BRCAZ Cawia porcellus
_El-fﬁﬁz Oryctolagus cuniculus
BRCAZ Ochooa princaps

NP_D010066 5 2 Canis familiars

BRCAZ Felis catus

XF._028054.1 Bos taurus

ERCAZ Equus caballus

BRCAZ NMyolis luciiugus
BRCAZ Ernaceus surcpasus
BRCAZ Sorex aransus
BRCAZ Loxodoba aificana
BRCAZ Echinops taiari
BRCAZ Dasypus novermdncius

BRCAZ ¥encpus tropicalis

MNP_920307 1 Gallus gallus
BRCAZ Ormithorhynchus anatinus
BRCAZ Monodelphis domestica

@ ERCAZ Obolemur garnetii

AAELD14TT4 fedes asgypi _ [ WINNT 11 II TN
4T AAELD10133 Asdes aegypl [ 1 | I Ny
B S AFO0T032 Ancphdes gambias _ HTNENTETIIT0 T
LEGEMND
— x’1 brarch kngth Gare |ID Species A cument gene B speciation node 0 Asalgnment matchimismatch

---- x10 branch kength Gere ID Species A withinsp. pamkbgue B duplcation node — Asalgnment gap
Sep 2008 ---- %100 branch Eergth




Sep 2008

. oo Blsanger
Genomic Alignments | ’

BlastZ-Net
* used to compare closely related pair of species
* BlastZ-raw — BlastZ-chain — BlastZ-net

/T 1| 1 | p— ]
[ F— ] [
[ F—— F— ]

Translated BLAT
e used to compare more distant pair of species

* we use the same approach (chain & net) starting from 50!
Pecan (Mercator-Pecan)

* multiple global alignments
 all vs all coding exons wublastp — Mercator — Pecan on

each syntenic block
EPO (Enredo-Pecan-Ortheus)

* Segmental duplications + multiple alignments + ancestral
sequences inference

* Anchors — Enredo — Pecan — Ortheus
GERP (G. Cooper et al., Stanford)

* Scores the conservation of each col. in the alignment
* Define constrained elements as stretches of high scores
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Mercator-Pecan Pipeline Overview

* Mercator e 0 _
[l i i : | 8 I
« Defines blocks of orthologous c%i ihoiid bb .H.ﬂ
sequences based on coding exon -ﬁ- -\ —en b2 s
similarities e
* Pecan s
* Consistency based multiple aligner §
* Optimized to cope with long genomic N
sequences
* GERP e
- Estimates the conservation of each Tty
:E!-.CI‘S"L!'-_GS
position in the alignment by lookingat | _—c¢:ic-c®°°
HTCTG = = =
the expected and observed number Of  ossenesrae 22§55} 24 160024
. Expected Rate 2.0 i?_._ﬂ__g_.%_:l__l._'%ﬂ.z EL1_2::2
mutations R=XExp-Obs) 43 39 12
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Strategy

* Global aligner needs orthology maps
* Mercator-Pecan pipeline:

* 1. Get all coding exons

» 2. all-vs-all blastp

* 3. Mercator => strict maps

* 4. Pecan => multiple alignments

Sep 2008



T r— . welloome trust
A ey . g

Strategy
e 5 | Bl ([ EN - H-E. ) - '
v'¢
e 5 | HE (BN BN - [ ] ] ‘
BN [ | H-E s '

By § | i —3 (a3 BN

* Use all coding exons

Sep 2008
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P, | '-'we lcome trust
B Bsanger

Strategy
4 (
[ B ' m | l'l’ _ S i

E-B

s
s = ' e = e TR ] . el ‘

By § | B —3 (i BN _ an nll
)

HE-E EE BN N '

* Use all coding exons
* Get sets of best reciprocal hits
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* Use all coding exons
* Get sets of best reciprocal hits
* Create orthology maps

Sep 2008
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AT sanger
=iz, ,
¥ LS, Enl Instiune

Strategy

Use all coding exons

Get sets of best reciprocal hits
Create orthology maps

Build multiple global alignments

Sep 2008
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Pecan
a consistency based multiple-alignment program
ATGGGCTTTTGCATTTG
ATGGGCTTTTGCATTTG ATGGGC---AGCATTTG
Vs
ATGGGCAGCATTTG ATGGGCTTTTGCATTTG
ATGGGCA---GCATTTG
/ ACGGGCATTTGCTTCTG
guide tree
ATGGGCTTTTGCATTTG
ATGGGCA---GCATTTG
ACGGGCATTTGCTTCTG

Progressive aligner
Sep 2008
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Pecan
a consistency based multiple-alignment program
ATGGGC GCATTTG
ATGGGCTTTTGCATTTG ATGGGC---AGCATTTG
VS
ATGGGCAGCATTTG ATGGGCTTTTGCATTTG
ATGGGCA---GCATTTG
ACGGGCATTTGCTTCTG
ATGGGCTTTTGCATTTG
ACGGGCATTTGCTTCTG
RIGGECA-——GCATIT® | areeecrrrrGCATTTG
ACGGGCATTTGCTTCTG
ATGGGCTTTTGCATTTG ATGGGCA- ——GCATTTG
ATGGGCA---GCATTTG ACGGGCATTTGCTTCTG
Takes into account all pairwise
alignments, 3:ross the entire tree
ATGGGCTTTTGCATTTG
ATGGGCA---GCATTTG
ACGGGCATTTGCTTCTG
Consistency based aligner Progressive aligner

Sep 2008
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Pecan optimizations

* Look for anchors (regions of high
similarity)

* perform a banded posterior
alignment

gfﬁ

* Use cut lines and points to
enerate effective sub problems
or each pairwise alignment

simultaneously

cut-line

* Much redundancy between
pairwise alignments: use
transitive anchors

N R ®

hidden
cut-point

Sep 2008



EPO Pipeline Overview

* Enredo
* Defines blocks of collinear sequences
* Supports segmental duplications

* Pecan
* Consistency based multiple aligner
* Optimized to cope with long genomic
sequences

Ortheus
* Ancestral sequences reconstructor
(Tree Aligner)
* Infers the history of insertion and
deletions

* GERP

* Estimates the conservation of each

Sep 2008 position in the alignment

P, | '-'we lcome trust
BB Klsanger

1 fis, D)
e

'
14 g 13 R H
=7

10Mb

10Mb .

o
«

G ~g®
e

:

A A C T A G
B A T i G & A G
C A C T G T A G G
E A C T G & A G G
F G C© T G A G G A
¢ A C T G

_: H T ¢ T G - =

Observed Rate 2.2 1.6 0.0 0.0i2.4 16500124
: : bt
Expected Rate 2.0 120 2.0 1.9:1.2 1.2:1.211.2

R = E{Exp - Obs) a3 Tze TR



i BYsanger
ENREDO graph

* Similar in spirit to a De Bruijn graph of sequences used for
assembly

* homologous regions between genomes will be
represented as one edge

* Formed by creating a set of non-redundant anchors (short
regions) which are present 0, 1 or multiple times in each
extant genome

* Anchors could be all coding exons, made non-redundant to
handle duplications

* In our case, a series of pairwise alignments defines short
regions of high homology between genomes

Sep 2008
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ENREDO: Mapping the anchors

* Mapping the anchors
* Cleaning up the anchor set

* Removal of overlapping anchors
* Removal of anchors mapping too many times

12 34 562 345 7 891011 1213 14

] 2 4 3 9 10 11 12 13 7 8 9

] 6 54 3 2 7 891011 12 13 15 14

Sep 2008
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ENREDO Graph
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Enredo assessment

* Human, Mouse, Rat, Dog and Cow
* Mercator, MultiZ and Enredo coverage

human genome human genome human protein coding genes
900000 100 100
800000 90 90
700000 80 80
600000 70 70
60 60
500000 M
erc_ator 50 B Mercator 50 O uncov ered
400000 [ Multiz O Multiz B Partial
H Enredo 40 B Enredo 40 M Full
300000 30 30
200000 20 20
100000 10 10
0 0 0
N50 Coverage (bp) Mercator MultiZ  Enredo

* Putative rearrangements between human chromosome X
and any autosome in another species

Method blocks length

211117 28.0% 25785059 19.0%

* from UCSC 17 way MultiZ

Sep 2008
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] ] -___ 4 we In:-::ri.ni'I trust r
Multiple aligner assessment: ==l sa gc

ancestral repeats

Hsap
Mmus
Rnor
Cfam
Btau

Hsap
Mmus
Rnor
Cfam
Btau

ancestral repeat
(consensus sequence)



- . :+_:;r_ ! < -.melr_-::'*ﬁ trust r
Multiple aligner assessment: == 2ege

ancestral repeats
Type 1l transposons

Hsap ———s{ [ pm——— Do aligned repeat-masked
Mmus ————— el o n——— 110 e0tideS correspond to

Rnor _% o .
Cfg?m e the same position in the
Btau e consensus sequence?
:
45 Mercato.r+Pecan u
40
MultiZ
35 i
Mercator+Mlagan
> 30 |
O
S 2
>
8 20
©
15
10
5 * from UCSC
17way multiZ
0
0 5 10 15 20 25 30 35
coverage
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Ortheus

Addresses the inference of insertion-deletion histories
and substitution events

Uses a multiple alignment as guiding input

Reconstructs the ancestral sequences in the tree and
refines the mput alignment

Insertion/deletion events are

Insertion

handled using a branch (cont.
transducer model f
Delet10 Insertio
(cont.)
/7 N\ \“91 o
-i Deletion ¢ %
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Ortheus transducer model for
2 descendants and 1 ancestor

[(T-a) ¥}
v Il'n |
. .' 1
a(1-y) (-Ple @ [(-E1(1-ETe] |
|I 'T'
)

1

Sep 2008
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Ortheus: inference of
the ancestral sequence

* Substitution are handled using Tamura-Ne1 nucleotide
substitution model.

* Works 1n a progressive manner:

* Ancestral sequences are represented using weighted

sequence graphs
% \q {AAT 3, AAAT -2 AAA 3,
CT:5 CAT 0, CA S5}

NS
2

Sep 2008
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Display on AlignSliceView

Homao_sapiens

[ElEnsembl trans.

DNA(contigs)

0 o 20.00 Kb 40.00 Kb 50,00 Kb 50.00 Kb 100,00 Ko 12000 Koy

F 13823 Kb

m
ENSTO0000400457
Ensembl Novel Pseudogene

ALA4E212.9.1. 166657 =

Ancestral_sequences

DhA(contigs)

< Ancesior3d 167

Dbo 20.00 Kb 40.00 Kb 60,00 Kb 50.00 Kb 100,00 Kb 120,00 Kb

Mus_musculus

ob-———+  ——+mh++—— ., 4+ %ttt 41"

ElEnsembl trans. Brca2
Ensemizl Known Protein Coding
DNA{contigs) AC1548858 =
Obo 20.00 Kb A40.00 Kib 6000 Kib B0.00 Kb 10000 Kb 120,00 Kb
= = = = = =
Ancestral_seqguences
DMA{contigs) < Ancastor3d 168
Obo 20.00 Kb A40.00 Kib 6000 Kib B0.00 Kb 10000 Kb 12000 Kb
= = = = = =

Rattus_norvegicus

ElEnsembl trans.

DMAjcontigs)

"+ s+ 4+ %%ttt 4+t
BreaZ=sup=m1lwm</sum
Ensembl Known Protein Coding

< RNORD3221858

0 o 20.00 Kb 40.00 Kb 50,00 Kb 50.00 Kb 100,00 Kb 120,00 Kby
——

Ancestral_sequences

0o 20.00 Kb 40.00 Kb 50,00 Kb 50.00 Kb 100,00 Kb 120,00 Kby
Bos_taurus
r+~——"7+t—"t " 1
ElEnsembl trans. ¥R _028054.1
Ensembl Known Protein Coding

Ancestral_sequences

DHAjcontigs)

0o 20.00 Kb 40.00 Kb 60,00 Kb B0.00 Kb 100,00 Kb 12000 Kb
0bo 20.00 Kb 40.00 Kb 60,00 Kb B0.00 Kb 100,00 Kb 12000 Kb

Canis_familiaris
ElEnsembl trans.

DhAfcontigs)

rY}mmm 't~ s+t %+ttt 7 4+ "7 [ i
NP_001006654.2
Ensembl Known Protein Coding

Dbo 20.00 Kb 40.00 Kb 60,00 Kb 50.00 Kb 100,00 Kb 12000 Kb
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Current sets of alignments

* Primates:

* 4-way EPO alignments (high-coverage genomes only)

e Mammals
* 9-way EPO alignments (high-coverage genomes only)
» 23-way EPO alignments (including 2X genomes)

e Amniota

* 12-way Mercator-Pecan alignments (high-cov. Only)

e Fish
* Planning a 5-way EPO alignments set for 2009

Sep 2008
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Gerp Constrained Elements

* Stretches of the alignment with a high conservation

A A C T - T &2 G C
b5 2 T T G A A G C
_: cC A C T GTAG G
6 A C T G T A G
_: E A C T G A A G G
F G T G A G G A
_: 6 A C T G = = = =
H T CT G - - =

hrsmsmsms e e

Observed Rate 2.2 i1.E 0.0 IZI.EIEE.-!- 1.5:IZI.IZI!2.4
1 " : I
Expected Rate 2.0 120 2.0 1.9:1.2 1.2:1.2]1.2

lmamesnmeemamed feamad

R = E(Exp - Obs) B R TR

Cooper et al. Genome Research, 2005
* Constrained elements and coding exons

0 14
T Branches (subs/sita)

* 74% of coding exons are associated with constr. elem.
* 22% of constr. elem. are associated with coding exons

e (Co-occurrence of features

100%

90%

 Annotation of constr. elements ol
60%

* genes, TSS, Reg. features... o

30%

 Annotation of SNPs 2%
0%

° in Constrained elements or not Non-gene associated Unclassified

Gene associated Promotor associated

Sep 2008
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chr. 17
Length

2.2
= Corservation
-2.93
Rnor blastz
Cana blastz
Mmus blastz
=gal blastz

Xt trans BLAT
Trub trars BLAT
Olat tans BLAT

El Ereembl trars.

DNA{cortigs)

Reqg. Features

Length

==re kegerd
Req. feats kegerd

wielloome trust

sanger

institute

ContigView: p23

27,838,000 27 230,000 27 240,000 27241000 27 242 000 27 243,00
F— Forward simnd . 617 Kb . -

Comimined element

—=t 617 Kb Feversesimnd 1

=—:—:—:—:—:—:—:—:—:—:—:—:—:—:—=
27838000 27,839,000 27,240,000 27,841,000 27,842 000 2724300

I Common Known Proteincoding

-Gene associated Lncleesified

Ther are cumertly 12 Stracks switched off, Lee the menus abtove the image to turntkem on.
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GeneSegAlingView: p23

THIS STYLE: Location of conserved regions (where =50% of basaes in alignments match)
THIS STYLE: Location of START/STOP codans

THIS STYLE: Location of selected exons

THIS STYLE: Location of SMPs

_ Location of delations

Homo_sapiens > chromosome:MCBI36:17:27838014:2TE42583:1
Macaca_ mulatta > chromosome: MMUL 1:16:2781037T5:2TR23565:1

Homo sapiens
Macaca_mulaktta

Homo sapiens
Macaca mulatta

Homo sapiens
Macaca mulatta

Homo sapiens
Macaca mulatta

Homo sapiens
Macaca mulatta

Homo sapiens
Macaca mulatka

Homo sapiens
Macaca mulaktta
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B BYsanger
Summary

Ensembl 1s a system created for the study and analysis of
the genomes

Comparative genomics
* Protein tree and inference of homologues

* Genomic alignments, conserved regions
Many views to match different usages

* ContigView: genomic region

MultiContigView: side-by-side comparison

AlignSliceView: alignment in genomic context

GeneSegAlignView: alignment of genomic regions

GeneTreeView: protein trees, homologues

* many other views...
All data accessible through the web and the Perl API



Pan-Ensembl compara BBl 9

* Take advantage of the whole new span of Ensembl
Genomes

* Link the projects together
 Breakout session after the coffee/tea break!!

e! Ensembl Bacteria e! Ensembl Plants

Ensembl
e" e f Ensembl Fung:

(Vertebrates) ¥~ pan compara / *

SN

e f Ensembl Metazoa e.’ Ensembl Protists
L ]
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