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Comparative genomics: a growing challenge
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Characterized genes
Validated models

Comparative genomics makes
most sense in this vicinity

Very many applications
• Health
• Biotechnologies
• Biodiversity

Essentially scaling challenges
for computer science
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A A A G A A A T A C A A C A A A G A C AATGTCACGAGCCCGACGAGTAGCCAGAGAGATGGAGGATG
TGCGGTCCGACTCCGAAGCCGGCATCACCATCCAGGCCATCAACGATGCCGACATCTCCC
ATCTGAAGGGCACCTTCCACGGGCCTCCCGGCACTCCCTACCAGGGCGGCACTTTTGTGG
TCGATATCCAGATCCCCAATGATTgtgagta a a g a g a g c c a c a c a g a c a a t g t g g c c a t g

t c t g c c g c t g c c gaactaaca cagACCCCTTCAAGCCTCCTCGAATGAAGTTTGACACTC
GCATTTACCACCCCAACATTTCGTCGCAGACCGGCGCCATCTGTCTCGACATTCTCAAGG
ACGCATGGTCGCCTGTCTTCACGCTCAAATCGTCGCTTATCTCGCTGCAGTCGCTGCTGC
AATCTGCCGAGCCCAACGACCCCCAGGATGCTGAGGTGGCCAAGATCTATCTCACCGACA
AGGCCGCTTTTGAGCGTACTGCAGCAGAATGGACAGCCCAGTACGCCGGTGGCAACGCTG
GAGGAGATCAAGACGAGATCGCACGCCTTGGCCTGGATCGAGACGCCGTTGAGGGATTCG
CCAGCATGGGTTTTGGCAAAGACAAGATCATCGCCGTGTTCAAAAAGCTGCAAATCAAGA
AGCCTCAGTCTCAAGAGGACGAGCAGAGAGTGGTCGAGGAGCTTCTGAACTAGG C T G T T A

ADN

mRNA peptide

From genome to cellular function

centromere

telomere

Genes on antisense strand

protein
interaction

Genes on sense strand
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Interactions between components

KEGGA.-M. Gavin et al.

interactions metabolism
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UDP-glucose

!-D-glucose-1p

!-D-glucose-6p

5.4.2.2
sckdy

2.7.7.9
sckdy

YHL012w (YHL012w) 2.7.7.9 sckdy 3 2 2 2 2 GLC.2368
UGP1 (YKL035w) 2.7.7.9 sckdy 3 2 2 2 2 GLC.2368
YHL012w (YHL012w) 2.7.7.9 sckdy 3 2 2 2 2 GLC.2368
UGP1 (YKL035w) 2.7.7.9 sckdy 3 2 2 2 2 GLC.2368

!-D-galactoseD-galactose
2.7.1.6
s-kdy

2.7.7.12
s-kdy

GAL7 (YBR018c) 2.7.7.12 s-kdy 1 0 1 1 1 GLS.81
GAL1 (YBR020w) 2.7.1.6 s-kdy 2 0 1 1 1 GLS.80
GAL3 (YDR009w) 2.7.1.6 s-kdy 2 0 1 1 1 GLS.80

UDP-galactose
5.1.3.2
s-kdy

GAL10 (YBR019c) 5.1.3.2 s-kdy 3 0 1 1 1 GLS.83

Links from genome to function
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SRI PathwayTools

Metabolic paths in S. cerevisiae
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Roche ! 1993 Boehringer Mannheim GmbH - Biochemica
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MAGNOME ———       Algorithms and models for the genome

Related genomes compared to
a reference species or strain
• cell factories
• biotechnologies
• pathogens

High-throughput sequencing

Assembly

Comparative
Annotation

! http://magnome.bordeaux.inria.fr

link
genomic
to
phenotypic
differences

Comparative genomics
Hierarchical stochastic modeling
Classification & learning

Genome-scale models



11

What techniques do we use?

Genome
assembly

Classifi-
cation

Data & grid
management

High-level
queries and
workflows Modeling

methods &
software

Enrichment
& pre-

annotation

Hypothesis
generation

Metabolic
modeling
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Current projects for closely related species

Pathogenic & nonpathogenic micro-
organisms from the same clade

Oleaginous yeasts with different
efficiency or effect 

Industrial strains more or less
adapted to a given wine must
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Genomic DNA

Annotated genome Protein families

Gene models

Homolog groups

Protein-coding genes

RNA genes and
other elements

Curated genes

Simultaneous
gene annotation

Integration

Systematic compar-
ison and consensus

Predictive methods

Curation updates

Transcript
sequencing

Algorithmic
sequence analysis

Classification

Complementary
analyses Magus

Legend

GÉNOLEVURES technique

GÉNOLEVURES result

Predictive methods

External technology

External data source

The Annotation Process
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The “big iron”

Production

Redundant, high disp.

Servers
• 3 web

• 1 database

• Mini-cluster

Storage
• 11 Tbyte RAID

Dinkum-thinkum

74 cores 4 Gbyte
• IBM, Dell
• x86_64

Rocks + bio roll
• HMMER, NCBI BLAST,

ClustalW, EMBOSS,
Glimmer, Fasta,
MrBay es,Phy lip, T_Coffee,
MPI-Blast, GROMACS

GenCore 6

Web Service Bus

Fast browser
database

Genomes
database

Genome
Browser

U.I.  
components

Rule
checker

Rules

Computed
results

KB

Alignments
&

DB search

In silico
predictions

Web
usersWeb Service Bus



16Viewing a Locus on a Genome



Validating a Gene Model



Annotating Homolog Groups



19Browsing a genome region
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Data

Results

Algorithmic
–

otherwise 
not interesting

Biological
–

otherwise
not interesting

A solved problemThe hard part

The hard partPush button

Which one are you?
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MAGNOME ———       Algorithms and models for the genome

Permanent
• D. Sherman DR INRIA HDR Symbolic computation, software engineering
• P. Durrens* CR CNRS HDR Genomics and yeast cellular biology
• E. Bon* MCF U.Bordeaux 2 Genomics, physiology, lactobacilli
• T. Martin* IR CNRS Bioinformatics

*biologist or pluridisc. training

Non permanent
• A. Garcia, IJD INRIA ADT BioRica – compiling hierarchical models
• A. Goulielmakis, IE ANR -Omics of Oenococcus oeni
• N. Loira, PhD CONICYT (4/4) Comparative metabolic reconstruction
• R. Assar, PhD INRIA (3/3) Hierarchical modeling as an enabling technology
• A. Sarkar, PhD EMMA (3/3) Classification
• N. Golenetskaya, PhD INRIA (2/3) Integrated high-level queries& grid computation
• R. Issa, PhD PAB Syria (1/4) Symbolic analysis in knowledge bases
• Alexander Makarov (intern DRI) Web services for high-throughput annotation
• Anna Zhukova (intern DRI) Data modeling and warehousing for HTA
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Some open questions

Collaborative genome annotation
• Interaction design and human-computer interfaces

Mathematical modeling
• Hierarchical stochastic models of fermentation
• Metaheuristic optimization fo evolutionary scenarios

High-performance computing
• Deploying grid-aware web services
• Distributed NoSQL databases

Contact
• David Sherman david.sherman@inria.fr
• http://magnome.bordeaux.inria.fr
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Two examples

Finding median genomes
• Population
• Stochastic local search
• Experimental results

Finding parsimonious scenarios
• Ant colony optimization
• Hybridization with random walk
• Experimental results
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Finding median genomes

Population-based local search

No crossing-over

[Goëffon et al GECCO 2008]



25

Probabilistic neighbor selection

Need to select the most pertinent
neighbors at each step

• Simultaneous descent
• Dependant replications

Probabilistic neighborhood
• Encourages adjacencies which are

not, or are less represented in the
population to be broken

• Replaces as a function of the
proportional representation of the
broken adjacencies
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Protoploid Hemiascomycete yeasts

[Souciet et al Genome Res. 2009]
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Multiple scenarios

Explore solution space
• No one scenario is best
• Suboptimal solutions

may be more biologically
plausible

ACO formulation
•
• Evaporation rate !
• Edge detection threshold "
• Select k random neighbors

(except in the endgame)
! 

"#$ =1/(l % d +1)

[Vyahhi et al GECCO 2009]


