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Comparative genomics: a growing challenge
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Bracketing genome

Reference genome

Bracketing genome

> Nearby genomes

Bracketing genome

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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From genome to cellular function

centromere Genes on antisense strand

Genes on sense strand

Ubiquitin mediated proteolysis
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Interactions between components
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Links from genome to function
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Metabolic paths in S. cerevisiae
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MAG N O M E —— Algorithms and models for the genome

link
genomic

to
phenotypic
differences

Assembly

Comparative
Annotation

Related genomes compared to Genome-scale models
a reference species or strain
» cell factories

* biotechnologies
 pathogens

Comparative genomics
Hierarchical stochastic modeling
Classification & learning

High-throughput sequencin
J 9hp q 9 =» http://magnome.bordeaux.inria.fr
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What techniques do we use?

Hypothesis
generation

Classifi-

cation Enrichment Metabolic
& pre- modeling
annotation

High-level
queries and
workflows

Genome
assembly

Modeling
methods &
software

Data & grid
management
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What techniques do we use?

Hypothesis
generation

Classifi-
cation

Enrichment Metabolic
& pre- modeling
annotation

Higaave)

gueries and
workflows

Genome
assembly

Data & grid
management

Modeling
methods &
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Current projects for closely related species

\

Pathogenic & nonpathogenic micro-
organisms from the same clade

Industrial strains more or less
adapted to a given wine must

Oleaginous yeasts with different
efficiency or effect
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The Annotation Process
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The “big iron”

In silico Alignments Rule U.l.
predictions & checker components
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Viewing a Locus on a Genome

Genolevures locus locus.Sakl0G.17298
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Locus Sakl0G from 1292755 to 1294627
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17 Gene models
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+ SAKL-ORF3149

Found 18 mRNA genes overlapping locus.Sakl0G. 17298.
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Validating a Gene Model
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Cenolevures gene KithOC.mRNA.2174.m
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Protein MW 27726.9 Da, IP 4.48, Gravy -0.218
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Annotating Homolog Groups
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Genolevures group vGLR.641

gg g @ G http://cbi.labri.fr/Genolevures/magus/group?id=vGLR.641
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homolog group vGLR.641 derived from GLR.641

Gene 1 - YPL214C in groups vGLR.641, vC.7284 1, vC.7284, GLR.641.
p!P41835 Saccharomyces cerevisiae YPL214c THI6 thiamin-phosphate
‘pyrophespharylase, member vGLR.641 %
Gene 2 - vCAGLOE
highly similar to sp|P41835 Saccharomyces cerevisiae YPL214¢ THI6 thiamin-
phosphate pyrophosphorylase start by similarity, member vGLR.641 Y
Gene 3 - vKLLA-ORF9724 in groups vGLR.641, vC.7284 1,vC.7284, GLR.641.
similar to sp|P41835 Saccharomyces cerevisiae YPL214C THI6 bifunctional
enzyme with thiamine-phosphate pyrophosphorylase and 4-methyl-5-beta-
Gene 4 — vKLTH-ORF1764 in groups vGLR.641, vC.7284 1, vC.7284.

enzyme with thiamine-phosphate pyrophosphorylase and 4-methyl-5-beta-
hydroxyethylthiazole kinase activities, member vGLR.641 /4
Gene 5 — vSAKL-ORF15337 in groups vGLR.641, vC.7284 1, vC.7284.
enzyme with thiamine-phosphate pyrophosphorylase and 4-methyl-5-beta-
hydroxyethylthiazole kinase activities, member vGLR.641 /4
Gene 6 - vYALIOC1 in groups vGLR.641, vC.7284, GLR.641, GLR.641.
phosphate pyrophosphorylase and hydroxyethylthiazole kinase start by
similarity, member vGLR.641 /4
L (Validate these annotations ) /I (Select all) . (Clear all) . (Reset) i (Copy group defline)
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Browsing a genome region
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Which one are you?

The hard part Data A solved problem

Push button The hard part

Biological Algorithmic

otherwise Results otherwise

not interesting not interesting
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MAG N O M E —— Algorithms and models for the genome
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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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ZYRO

Two examples

68

Finding median genomes Z=267
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 [Goéffon et al GECCO 2008]

A chromosome m = (m1,...,7Tm) is represented by a se- Search space
quence of signed gene markers whose sign indicates their rel-
ative direction on the chromosome. A size-n multichromoso-

mal genome I is defined as a set of chromosomes {r',..., 7"}
such that ). |7*| = n. Markers take their value from the set e
of ordinals 1,...,n; no given marker appears in more than ,".

one chromosome.

Given a set of size-n genomes {II;} and a genome distance u:"\_
function d, an instance of the combinatorial minimization v
problem MGP is defined by two elements (mn, ¢):

Initial configurations
candidates

1. a search space, 7n, composed of the set of all possible
size-n genomes, and

2. an objective function ¢ : 7, — N (score) defined by o o
o(I1) = Zn,. d(I1, I1,). 1. the initial configuration is taken from {II:},

2. the ewvaluation function is the same as the objective

A median genome for a given set of genomes {IL;:} is a ! ¢
function ¢: the rearrangement distance d,

genome II that minimizes ¢(II). Every optimal solution to

MGP is a median genome. 3. the neighborhood relation we call R' is a 1-step rear-
rangement: R'(I1) = {I' € ,,d(I1,II') = 1},
Population-based local search 4. the move strategy is a first-improve selection (FI) which

accepts better and equivalent configurations (side-walk
mechanism, SW [16]), given a specified number of it-

No crossing-over erations nbit
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Probabilistic neighbor selection

Need to select the most pertinent Algorithm 1 .
. Require: {II;,...IIx}: a set of k multichromosomal
enomes of size n; [.k: the size of the population; nbit:

nelgh borS at eaCh Step %he number of descent iteterations. oo

Ensure: an approximate median genome set P

S|mU|taneOUS descent let P be the multiset of the current genomes population,
. . which initially contains [ copies of each II;.
Dependant repllcatlons let numit «— 0 be the number of performed local search
iterations
- . . hil it bit d
Probabilistic neighborhood Morall llePdo
loop
i i i domly select II' € R*(II
Encourages adjacencies whl_ch are e p((n{n,m P
not, or are less represented in the end loop
. if ¢(I1') < ¢(II) then
population to be broken I
endal
Replaces as a function of the end for
. . numat — numat + 1
proportional representation of the end while

return P = argmingp» ¢(I1)

broken adjacencies

_H{II” e P\ {11}, (A(IT) \ A(IT")) N A(IT") # 0}|

p(IL, IT', P\{IT}) = 1 B
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Protoploid Hemiascomycete yeasts

KLTH|SAKL |KLLA|ERGO
(A) ZYRO (B)  weewise[ 703 T 92 T 157 [ 148 ZYRO
o] pairwise |  §4 79 | 115 | 101 |©
47 | 124 | 11s |, ..
45 | 105 | ss |KLTH
1S | 106 | o ks
68 08 N5
121 14
109 ‘
2=267
ERGO

[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
At =1/(l-d+1)
Evaporation rate p
Edge detection threshold ¢

Select k random neighbors
(except in the endgame)
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[Vyahhi et al GECCO 2009]

(-12)(34) (-214)(3)

o @
| (-2143)
(12)(34)

= ol
(1 2/4.>N /
(124 3)

/ N\

DEFINITION 1. A scenario of length m between two size-
n multichromosomal genomes II and I is a sequence S =
(Ho, Ce ,Hm) s.t.

- Vi€ [0,m],II; is a size-n multichromosomal genome,

-Ilo =1 and I1,,, =T, and

- V 7 € [O,m - 1],d(Hi,Hi+1) = ]_' (

If m = d(II,T"), then S is a parsimonious scenario.
A sequence S s.t. m = d(II,T") + o without cycles, that
is, where II; # II;Vi,j € {0,...,m}(i # j), is called an
Qa—Pparsimonious SCENATio
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