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OverviewOverview
• Rationale
• Species available
• Comparative genomics
• Genome-wide DNA alignments
• Outlook
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• From the Ensembl perspective joins species 
through
– chromosome synteny links

• From a broader perspective
– Where are syntenic regions located?
– How many genes are conserved?
– Is gene order conserved?

Comparing different speciesComparing different species
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The Compara database is one single 
multispecies database

• Gene orthology/paralogy prediction
• Protein clustering
• Whole genome alignments
• Synteny regions

ComparaCompara
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Red :    whole genome assembly available
Green : whole genome assembly due within the next year in Ensembl

* 19 species currently in Ensembl* 19 species currently in Ensembl
++ 9 9 Pre! Pre! EnsemblEnsembl
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Million years

T. rubripes (torafugu) *
T. nigroviridis (spotted green pufferfish) *

D. rerio (zebrafish) *

C. savignyi (sea squirt) +

D. melanogaster (fruitfly) *
A. gambiae (African malaria mosquito) *

C. elegans (nematode) *

O. latipes (Japanese medaka)

O. aries (sheep)

G. gallus (chicken) *
X. laevis (African clawed frog)
X. tropicalis (western clawed frog) *

C. intestinalis (transparent sea squirt) *
A. aegypti (yellow fever mosquito) +

M. musculus (house mouse) *
R. norvegicus (Norway rat) *

M. mulatta (rhesus macaque) *
P. troglodytes (chimpanzee) *

C. familiaris (dog) *
F. catus (cat)
E. caballus (horse)
S. scrofa (pig)
B. taurus (cow) *
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S. cerevisiae (baker’s yeast) *

M. domestica (opossum) *

170

I. scapularis (tick)

1500?

L. africana (elephant) +

105

H. sapiens (human) * +

A. mellifera (honey bee) *

Comparing different speciesComparing different species
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Aligning complete genomesAligning complete genomes
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Evolution at the DNA levelEvolution at the DNA level

…ACTGACATGTACCA…

…AC----CATGCACCA…

Mutation

Sequence edits

Rearrangements

Deletion

Inversion
Translocation
Duplication
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AligningAligning genomesgenomes, , whywhy??

• Understand what evolution has done on the species 
compared, after their speciation 

• Define syntenic regions, those long regions of DNA 
sequences were order and orientation is highly 
conserved

• Finding conserved non coding regions
– Good guides to find and test putative regulatory 

regions
• What is missing in one species, present only in 

another? 
• Differences between closely related species 

(human/chimpanzee, human/macaque), may help 
understanding speciation
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Basic ideasBasic ideas

Speciation event

selection

mutations

alignment

Ancestor sequence

Mutation
Regulatory region
Exon
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Using a local alignerUsing a local aligner

• Local alignment
– Find all highly similar regions over 2 

sequences
• Find the orthologous as well as all the 

paralogous sequences
– Separated by segments without alignment

– Can handle rearranged sequences
– Need post- filtering to limit too much 

overlapping alignments
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Local Local vv Global AlignmentGlobal Alignment
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Local Global
Advantages Compares large genomic regions 

(requires syntenic maps)
Can detect, rearrangements like 
translocations, inversions and 
duplications (!)

Detects insertions and deletions

Disadvantages Fails to identify insertions or 
deletions

Fails to detect rearrangements 
(inversions)
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GlocalGlocal Alignment ProblemAlignment Problem
Find least cost transformation of one sequence 
into another using new operations

•Sequence edits (indels, 
mutations)

•Inversions

•Translocations

•Duplications

•A combination of these
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Glocal aligner (Brudno et al., 2003)



13 of 25

AligningAligning large large genomicgenomic sequencessequences

• Independent from protein/gene predictions
• Issues

– Heavy process
– Computes run only by few dedicated groups
– Scalability (more and more species available)
– Time constraint
– As the «true» alignment is not known, then

difficult to measure the alignment accuracy and
apply the right method
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all all versusversus all approach usingall approach using
BLASTZ BLASTZ (collaboration with UCSC)(collaboration with UCSC)

• Can handle large sequences

• Used 2-weighted spaced seeding strategy
• Dynamic masking

• Makes distinction between repeat and 
non-repeat sequences (soft masking)

• Try aligning inside repeats

• One iterative step with lower threshold 
to expand alignments 
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Blastz strategyBlastz strategy

• 10Mb Human fragments (3000)
• 30Mb Mouse fragments (100)
• Lineage-specific repeats removed

• 48 hours on 1024 CPUs

• Generates 9Gb of output

• When filtered for Best hit on Human, 
reduced to 2.5Gb
•10Mb Human fragments (3000)
• 30Mb Mouse fragments (100)
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Blastz human genome coverageBlastz human genome coverage

• 40% of the human genome is covered by an
alignment of mouse sequences

By rescoring the alignment over a “tight” matrix 
that is very stringent and look for high conservation 
(>70% identity), the coverage goes down to 6% 
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DNA/DNA matches web displayDNA/DNA matches web display
ContigView human 

BRCA2
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DotterViewDotterView
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StrategyStrategy

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

• Use all coding exons
• Get sets of best reciprocal hits
• Create orthology maps
• Build multiple global alignments
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MultiContigViewMultiContigView
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Multiple alignmentsMultiple alignments
• Currently 2 sets:

– MLAGAN-mammals:

– MLAGAN-vertebrates:
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ContigView human BRCA2

MultipleMultiple alignmentsalignments
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Multiple alignmentsMultiple alignments
AlignSliceView human BRCA2 v other 

mammals
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Multiple alignmentsMultiple alignments
GeneSeqalignView human BRCA2 v other 

mammals

...
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