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1 Problem Setting

Abstract: Motif discovery in eukaryotic genomes
is an abstraction process that describes regulatory
DNA sequences as collections of cis-regulatory
sites. The result enables researchers to decipher
complex gene regulatory networks. In silico meth-
ods prioritize cis-regulatory sites and aim to in-
crease the efficiency of arduous wet lab research.
Computational discovery of cis-regulatory sites is
however often an ill-posed problem, resulting in
many false positive detections.

1.1 Motif Discovery in Eukaryotes

1.2 State of the Art

CRS Modules [1] vs Evolutionary Conservation [2]

Characteristics:

• Knowledge representation with graphical models

• Bayesian inference with Monte Carlo methods

• Modular computation on heterogeneous data

2 Approach

Abstract: We formulate the problem as a
constraint-based inference problem (CBIP) and in-
fer a set of sites (cis-regulatory module) simultane-
ously by adding consistency constraints in an at-
tempt to make the problem well-posed. A collective
of computational agents can serve as a framework
to solve the combined CBIP. Each agent infers part
of biological reality given possibly different data
sources. Synergy emerges as in bounded rational
noncooperative games.

2.1 Constraint-Based Inference in Games

A CBIP is a tuple (X, D
∗, R, C) [3]. The general

approach enhances knowledge integration
and cross-fertilization of solution algorithms.

Example. A HMM in CBIP terms :

X
t = {Ot, H t, θ} , D

∗ = {DO, DH, Dθ}

R = ([0, inf), +,×) , C
t = {φO, φH}

with φO = p(Ot|H t, θ), φH = p(H t|H t−1, θ), C
0 = {p(θ)}. �

The (Bayesian-like) inference task becomes:
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We aim for a more tractable modular compu-
tation by considering the product constraint

Q(x1, x2) = QX1
(x1) ⊗QX2

(x2) ≈
⊗

φ∈C

φ

in analogy to a mean field approximation. A
collective of agents AXi

compute the QXi
by

solving Ci - the subsystems of constraints in-
volving Xi - as generalized max-sat problems
with Lagrangian
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Global dynamics are similar to that of
bounded rational noncooperative games.

Example. Lagrangian (to minimize) and
update rule of probability collective used in
pilot study [4]:

L(QXi
) = EQXCi

[G] − TS(QXi
)

QXi,t+1 = QXi,t − αQXi,t{
E[G|xi] − E[G]

T
+ log(QXi,t) + S(QXi,t)}

with G = log(
∏

pj∈Ci
pj) and S(QXi

) = −
∫
QXi

log(QXi
)dXi.

We use a sample based version by consider-
ing QXi,t as proposal distribution for QXi,t+1. �

2.2 Parallel Computation in a MAS

Characteristics:

• Heterogeneous multi-agent system

• No central control, synchronous update

• Non-active / emergent cooperation

• Agents have alternative utility functions

3 Preliminary Results

Abstract: In a pilot study, we implemented a
3-agent system (module structure, location, motif
matrices). We observed the performance on a syn-
thetic dataset and searched for heart-specific cis-
regulatory modules in a small case study. Prelim-
inary results suggest that the sketched approach
can deal consistently with heterogeneous data and
allows for efficient distributed processing. The ob-
servations encourage us to investigate further the
design of the coordination scheme.

3.1 Performance Analysis

Synthetic data with realistic SNR.

The outcome of interest is the output of
Amatrix: a sample with combinations made
out of 20 matrices.

Performance was measured on the aver-
age combination (PD over the 20 matrices).
The effect of the sample size (variance)
seemed to be important.

Sample size (X) versus performance (Y).

Since the game may have more than one
Nash equilibrium, convergence to subopti-
mal solutions needs to be investigated more
in the future.

3.2 Case Study

We searched for a heart specific cis-regulatory
module. Amatrix used data from Transfac and
MotifSampler. Validation of results with En-
deavour was not convincing so far.
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