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e Comparing different species

« From the Ensembl perspective joins species
through

— chromosome synteny links

e From a broader perspective
— Where are syntenic regions located?
— How many genes are conserved?
— Is gene order conserved?
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Compara

The Compara database is one single
multispecies database

 Gene orthology/paralogy prediction
* Protein clustering

 Whole genome alignments

e Synteny regions
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e Comparing different spemes

elephant

armadillo
sloth

hedgehog
shrew
microbat
megabat

co W
dog
cat
pangolin
mouse
guinea pig
squirrel “
rabbit
human
- chimpanzee

bus hbaby \
tree shrew B
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Aligning complete genomes
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Evolution at the DNA level

Deletion

M éjtation
...ACTGACAlTGTACCA... Sequence edits

AC----CATGCACCA..

> > >

Rearrangements l
Inversion > € >
Translocation > > >

Duplication > > > >
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Aligning genomes, why?

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 ideas
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° Using a local aligner

e Local alignment

— Find all highly similar regions over 2
seguences

 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 v Global Alignment

AGTGCCCTGGAACCCTGACGGTGGGTCACAAAACTTCTGGA

AGTGCCCTGGAACCCTGACGGTGGGTCACAAAACTTCTGGA
2

AGTGACCTGGGAAGACCCTGAACCCTGGGTCACAAAACTTAATC

Local

AGTGACCTGGGAAGACCCTGAACCCTGGGTCACAAAACTTAATC

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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° Glocal Alignment Problem

Find least cost transformation of one sequence
Into another using new operations

\

i eSequence edits (indels,
! mutations)

elnversions

Translocations

Duplications

! A combination of these

GTGCCCTGGAACCCTGACGGTGGGTCACAAAACTTCTGGAG

|
AGTGACCTGGGAAGACCCTGAACCCTGGGTCACAAAACT

Glocal aligner (Brudno et al., 2003)
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Aligning large genomic sequences

* Independent from protein/gene predictions

e [ssues
— 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 versus all approach using

BLAST/Z (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

14 of 25
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Blastz 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 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%

16 of 25



: EMBL-EBI

E_qropean Bioinfqrm_atics II_‘ISt_Itl_.lt_e

H‘l

welloome trust

Sdn

institute

DNA/DNA matches web display
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Strategy

e Use all coding exons

o Get sets of best reciprocal hits
 Create orthology maps

e Build multiple global alignments
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° Multiple alignments

e Currently 2 sets:
— MLAGAN-mammals:

Y .

— MLAGAN-vertebrates:
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GeneSeqalignView human BRCA2 v other

mammals

FECTAFTCT CFAACTCCTGEEITCAARC AT CTTCCT FCCT CAFCCTCCCARAAGT FLT FAFATT AL AFFCATGAFCCACT GT GOCC ARS
CTTGTACTTCTTATTTT 232
CEAACTCACAFAGATCCGCCTGCTTCTGCCTCCCAAGT LT FFEAFCECCACCACTTGT ACTTCTTATTTT A48
ATGT AATTCTTGCTTCAGS

CACTACCTTTTTRACTT AGT GAARAAT ATTT AGT =2AT 6T =ATT AT -ET ACTTTAATTTTFTCACTTT T -TTTTTATFTTT AGFTTT A
CACTTT - —AACTTFFEAAAAGCACT FAGT AGAT - -CGTACTCTAACTTTETCACT CTETATT CTT AT #CTT AGET AT &
CACTAT- —AACTTGCRAARAGCACT CAGCT AT GCAATT AAT CETACT CTAACTTTATCACT CTGTTTTCTTATCAT AGGT AT 2
TATTTT- “TACTT AT FaAAAAT ACTTART FAAT ¢T #ATT AT FEC ACTTTAATTT - FTCACTTT T FTCTTCATFCTT ARETTT &

TTECATTCTTET BT CAAAAGAAGCT GTT CACAFAAT GATT CT FAAFAACCAACTTT FTCCTT AACT AGCT CTTTT FEFAC AATTCT FAGE
CCAFATTCTTCAAT CAAAACAAGCAATTTACCAAAT FAT CCTFAAGAGCCATCTTTGTCCTT GACCAACT CTTTT T FACT =C
CCAFATTCTTCT FACAAAAAAL FCT FTTTACCFAAT FAT COT FARAFAGCCA-———— TCCTT r&CCAACTCTTTT FEFACT 0
TTECATTCTTCT AT CAARAAAAACT GTTTACAFAAT FACT CAFARLAACCAFCTTTFTCTTIT ARCCAFCT CTTTT FEFACAATTCT FAGS

AAATGCTTCT AFAAAT GAAACAT GTT CT AAT AAT ACAGT AATCTCTC AGFAT CTT FATT AT AAAGAAGCAAAATCT AAT AACCAARAACT &
----- TFCCART AAAFARATT AGTT AT ATT CAT FCATT FATATCTCAGFAT CT ALAT FACAAAFAAFC AAT ACT CACT FAAFAARAGCCE
----- TACCART AAAGARATT AFTT AT ATT CATFCATT FATATCTCAFGAT CTT AAT FACAAAGAAFC AAT ACT CATT FAAFAARRACCA
A3ACTTTCCART AT GHFAGCCAGTT CT AAT AAT ARAAT AAT ATCTC AGFAT CCT FATT AT FRAGD TTAAT AAG TT -

CAGTTATTTATTACCCCAGAAGCTGATTCT CTETCAT GLCTFCAGFAACGACACT T FAARAT GATCCAAAAAGT ARAAAACGTTT CAFAT
CAFCCATAT ACAFCCCT AFAAFCTFACTTTCTFTCFT FLTT FCCAFARAGAT CATPT FAAAAT FATC ARAAAAGT CCAARAGTTT CCFALC
CAGCCATAT ACAGCCCFAGAAFCTFACTTT CTCTT AT FCTT FCCAFAAAGAAC AT FT FAAAAT FACE ARAAAACT CCAARAGTTTCC AAT
FAGTCATTT AT AACCAC AGAAACTGATTGT CTFTCATCCCTFCAGE, CATTFCEFAAGAT AT O C FAGTTTCAFAT

AT AAARFAAGAFET CTT GGCT L AGCAT GT CACCCAGT ACAACATT CAALAGT G rAAT ACART AT ACT FACTTT CAATCCCAGARAAGT
CrAAAAFAAALAGT CTT AGTCT CAGCATGT CCTCCTTC ARFAAGGFCAGC AT GCAFCT CARFC AGCATT AGCTTT FACTCTCAGFAAAALD
FrAAAAGAAAAAGT CTT AGTTT CAGCATGT CTTCCTT - - ——————— CAGCAGTFCAACT CAGCAGCATTAGCTTT CAATCACAGGAAAAC
ATAAAAGAAAAMAGT CTT GCCTACAGT AAGT CACCCTCCTETFCCA- - AFAAGT CFAAGGT AFT AT ATTCACTTT CACTCTCC AFAAAGT

CTTTTATAT GATCAT FAAAATFCCAGCACT CTTATTTT AACTCCTACTTCC ARG GAT GTTCT FTCAAACCT ACT CATFATTTCT AFAGGD
CCTCTT&GT AFCCACAACGT AACAAGT ACT CTT ARATT AACT CCCARCCOFAAGACACCTCT FTCAAASC CAGTT FTGGTTT CT AFAGGE
CCTCTTHCTFACCACAACGFAACAAGT ACT CTT AAATT AACT CCCAGCTCAAAGCTACCTCT CTCAAAGCCAGAC ATCCTTTCT AGAFAG
TTTTCATTT GACT T AT AATACCAR- “TCTFITAACTCCTAGCTCT AGE AT TCTCC AT CARFCCT AFTT T FAT FT LT AR AR S

AARAGAATCATACAAAAT CTCAFACAAGCT C AAAGET AACAATT AT FAAT CT FAT GTT FAATT A&CC T ATT CCCAT GG AAT
A224---TCTGTAAAAT GCLAGAGAAACT -CAATGT AAGACTT CT AAACAT AAT ATT FAATT AACCAARAACAT CCCTCT GGG HTT AAT
BARAE---TETET AAAAT FCCAFAGAAACT O AAT T FAGAFTT ¢T AAACTT AAT ATT FAACT A&CT AAAAACAT C -~ -TTEFAGCT ARAT
ARAGAATCATAT AAAAT ATCAFAGAAACT AAAATFT AAGAAT CAT FARACT FGTTTT FAATT AACTC TATTCCCATGE FaAT

CAAFAT CTATGTGCTTT AAAT CARAATT AT AAAAACCTTFAGCTCTTECCACCT CAAAAAT ACAT CAFAGCT AGCATCACCTT C AACAAAL
~ - FARATCTETETCTT AACT FAAAATTCT FAAACACCT FAGCTT CT FCCACCT CT A-AAT AT AT AACAFAACT FTCCTCATCAGT FAAR
-~ FARATATET ATCTT AAGT FAAAATTCT ARAACT CCTEFECTT CT FCCACCT BT FAAAAT AT AAT AFAAGT #FCCTCTTC AAT FAAL
CAAGACATACATETTTT A2ATFCACATTCT AAAAAT GLT AAACT CTTCTCAACT GAAAAAC AT AT AACAFT AFCATCATCTTC AGT 2240

CTACAATTCAACCAARACACAAAT CTAAGAGT AAT CCAARAAAAT CAACAAGAAACTACTTC AATTT CAAAAAT AACT T CAAT CCAFAC
TCACAFTTC AARTCAARAT ACAARRAT AFCAGTCGT ACAARAFFACC ARAARAFACTCAACTTTT ATTT CAFAAGT AACAGT CCAT AT FAAT
TCACAGTTC AATCAAAAT GLAAAAAT ---AGT AT ACAGAAFFACC AAAAAGGCTCACCTTTT ATTT CAFAAGT AFCAGT CAAT AT FAAC
FTTCAGTTCAACCAARAT L AAAT CTCACCACAAT CCAARAAFACC ARAAAGAAACTACTTT AATTT CAAAAAT AACTGCTT AAT CCAAAC

TCTrAAFAACTTTT CTC AGAC AAT GAFAAT AATTTTGT CTTCCARRT AGLT 24T GAAAFFAAT 2ATCTTECTTT AFFAALT ACT AAGEAS
TCTFAAFAACTTTT CCC AFAAAAGGAFAAT AATTTT CCTTTTCAAGRT AACC AAT CAAAGC AAT AAACCCAAT AT AFFAAGT ACT CT FEAS
TCTFAAFAACTTTT CCCAGACAGT GHFAAT AATTTTZCTTTT CAAGT AACT AAT AAAT FCAAT AAGCCTCATTT ACGAAGTTC AT FFAR
TCTFAAFAACTTTT CCCAGAT AT CAAAAT AATTTTCT CTT AAAGAT AACT AAT FAAAGT AATACTCCTCTTTT ACGAAAT ACT AAGFAS

CTTCAT FAAACAGACTT FACTT FT T ARACFAACCCATTTT CAAGAACTCT ACCATFETTTT AT AT FH-AFACACAFCT AT AAACAAGCA
TTCCAFFAAGAAFACCT CAGCC ACACAARAGGGC AT ACT CT CAAGAACTCT CCCAT FAC AGT AFAT AGAFACCT AFAT GAT FAGCAAGCA
CTCCAGFAAGAAGACCT CAGCCACACACAAGGFCCTACT CTCAAGAACTCT CCCAT GEC AGT ACGAT CAAGAT CT AGAT GAT ZCFCATFCA
CTACAT FATTCARACCTCTGTT FTFT AACAFATTCT GTTCCT AAFAACTCT ACCAT #ET AT AT FTACAFACCT FRAT FAC AAACAARCE

ACCCAARGTGTCAATT AAAAAAFATTT ZETTTATGCTT CTT FEAGAGFAGALD ARAALT ACT 5T A2AGE AGC AT AT A3AAAT FACT CT AGGT
GECCAAGTCTTCATTAC AGAGEFACTT ACT CCATGATT CTAC AAAGAAGAGC AGAAAT ACTAT ACAGC AGC AT CAFARAGCAACT >C AFAC
FOCCARFTGTT FATTAC ARACFACTT FFT CCAT FATT AT AC AFACAAFAGL AFALAT AAT AT AFAGL AFCACC AFARAGFAAL CRAARAD
FCCARRFTGTCFATTAT FAAAFATT —~ AT AFAT AT CTTACAFARAFFAAC AFAAGT ACCAT ARAGE ARCAACT AAARAT FACT CT AFAT
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