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One usual question that researchers on gene expression ask is why two genes are co-expressed. In
bacteria a first answer is given by the operon structure: two genes in the same operon are transcribed
together and thus are co-expressed. A second approach is to look for shared regulators which potentially
impact on the expression of the relevant genes. A well established way to determine these regulation
relationships uses homology and/or position weight matrices to putatively determine regulator genes
and their targets over the bacterial genomic sequence. These methods often yield thousands putative
regulations, one order of magnitude over the number of experimentally validated regulations in model
bacteria as E.coli.

In this work we present a method to filter those putative regulations by integrating information of differ-
ent nature: putative regulatory relationships, operon predictions and co-expression evidence. The first
two sources of information are based on sequence analysis, while the last one comes from microarray or
other types of expression experiments.

This integration is implemented on the framework of Answer Set Programming, where facts derive from
each information source, and their relationships are established as logical constraints. ASP is an efficient
way to compactly describe this kind of criteria and explore the combinatorial space to determine the set
of elements satisfying the constraints.

Our method first builds an oriented graph where each node is an operon and there is an edge between
operons X and Y whenever there is a gene in X which putatively regulates one or more genes in Y . The
weight of each edge is a discrete value among three (high, medium or low) or five levels, chosen in
consideration to the confidence level of the putative regulation.

Then we integrate co-expression evidence, which can be stated using an index like mutual information,
and use it as a constraint for a minimization problem: for each co-expressed pair of operons we look
for the set of paths in the graph connecting a shared regulator to them, which minimize the total edge
confidence level. The resulting graph has a reduced size respect to the inital prediction and includes
regulation relationships which may not be explicit in the co-expression analysis.

In a test case using E.coli sequence and a set of microarray experiments in 240 conditions, the regula-
tion graph reduced to 31.2% of the initial size, while keeping 55.3% of the regulations independently
described on literature. An hypergeometric test shows that this ratio is significantly biased towards
experimentally validated regulations when compared versus random selection (p-value ≈ 10−35).

In terms of predictions of regulations affecting any given operon, the average number of regulation
relationships decreases from 5.7 to 1.9, while the precision with respect to known regulations increases
from 24.2% to 42.9%.

This results allows any researcher to focus on a reduced number of regulations to validate. Also, it
provides a small and manageable set of genes connected by regulation with the genes of his/her interest.
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    ABSTRACT  

Plants are sessile organism and have developed robust mechanisms to perceive external 

signals and subsequently evolved with complex networks of defence responses against 

different types of stresses [1]. Complex regulatory circuits consisting of transcriptional activators 

and repressors known as transcription factors (TFs), control the plant’s defence transcriptome. 

Unfortunately, comprehensive genome scale understanding regarding activity of transcription 

factors (TFs) and their regulatory relationships with target genes are presently not yet 

available for the model plants like Arabidopsis thaliana (A. thaliana). Several computational 

algorithms have been developed to identify regulatory network modules and their condition-

specific regulators from genome scale expression data. By employing a powerful systems 

biology approach- Network Component Analysis (NCA), we have constructed a differential 

stress regulatory network model in A. thaliana during 11 stress conditions and predicted 

regulatory connections that might be crucial during combined stress exposure in plants. For 

this purpose, we have used a unique and homogeneous gene expression dataset (total 207 

arrays) from ten A. thaliana ecotypes [2], in response to 5 single and 6 combined stress 

conditions (59 unique stress experiments). Differential activities of stress specific and 

multiple-stress regulated TFs have been computed and analysed. Apart from retaining several 

previously known interactions (cross validated using AraNet, AthaMap), many novel 

interactions between key TFs and their respective target gens involved in the stress response 

in A. thaliana were suggested.
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We present a fast computational method for inferring a sparse graphical
model for a large number of categorical variables. The area of high dimensional
statistics deals with estimation in the ”large p, small n” setting, where p and
n correspond, respectively, to the number of random variables and sample size.
Such high dimensional problems routinely arise in genetics where the number
of measured genomic features exceeds the number of biological samples. As a
motivating example we consider genetic inbreeding data in maize, where we aim
to uncover the conditional dependence relationship between 273 DNA sequence
markers. Moreover, we aim to construct the related gene association network.
Graphical models provide a probabilistic tool to display analysis and visualize
the dependence structures by drawing a graph describing the conditional depen-
dencies between the variables.

Keywords: High-dimensional problems; Copula Gaussian graphical model;
graphical lasso; latent variable; EM algorithm.
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Abstract

Reverse engineering of gene regulatory networks remains a central challenge
in computational systems biology, despite recent advances facilitated by bench-
mark in silico challenges that have aided in calibrating their performance. We
consider wild-type time series data as inputs and assume that nonlinear dynam-
ical models are particularly appropriate for the inference task. We introduce a
novel nonlinear autoregressive model based on operator-valued kernels that
simultaneously learns the model parameters, as well as the network structure.

A flexible boosting algorithm (OKVAR-Boost) that shares features from
L2-boosting and randomization-based algorithms is developed to perform the
tasks of parameter learning and network inference for the proposed model.
Specifically, at each boosting iteration, a regularized operator-valued kernel
based vector autoregressive model (OKVAR) is trained on a random subnet-
work. The final model consists of an ensemble of such models. The empirical
estimation of the ensemble model’s Jacobian matrix provides an estimation of
the network structure.

This study makes a number of key contributions to the challenging problem
of network inference based solely on time course data. It introduces a powerful
network inference framework based on nonlinear autoregressive modeling and
Jacobian estimation. The proposed framework is rich and flexible, employing pe-
nalized regression models that coupled with randomized search algorithms and
features of L2-boosting prove particularly effective as the extensive simulation
results attest. The models employed require tuning of a number of parameters
and we introduce a novel and generally applicable strategy that combines boot-
strapping with stability selection to achieve this goal. The performance of
the proposed algorithm is evaluated on a number of benchmark data sets from
the DREAM3 challenge and then, on real datasets. The high quality results
obtained strongly indicate that it outperforms existing approaches.
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In gene Networks the objective of data-intensive studies is to infer the re-

lationships between various actors under scrutiny. A graph is one possible way

to describe these relationships. When data is obtained from noisy measure-

ments of the nodes in the graph, then graphical models present an appealing

and insightful way to describe graph-based dependencies between the random

variables.

In this talk, first, we briefly present our recently developed framework for net-

work determination [1] and a discussion of its performance for high-dimensional

problems. The proposed method is easy to implement and computationally fea-

sible for large graphical models. We illustrate the efficiency of the proposed

methodology on simulated and real data sets. Besides, we have implemented

the proposed methodology into an R-package, called BDgraph which is freely

available online.

Keywords: Gene network inference; High-dimensional problems; Bayesian

model selection; Birth-death process; Markov chain Monte Carlo; Gaussian

graphical models.
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Pig (Sus scrofa) is both a source of food and an animal model for the study of metabolic 
diseases. Fatty acids (FA) are a major energy source, playing a relevant role as cellular 
signalling molecules in various metabolic pathways and its composition influences pork meat 
quality. In this study, the results from genome-wide association studies (GWAS) were exploited 
in an Association Weight Matrix (AWM) approach to predict gene networks related to 
intramuscular FA composition in pigs. The associations of single-nucleotide polymorphism 
(SNP) that were individually associated with a primary phenotype of interest were explored 
across 15 related traits. In the AWM matrix, rows represent genes or SNP and columns 
represent traits.  Each    {i, j} cell value corresponds to the z-score normalized additive effect of 
the ith gene (via its neighbouring SNP) on the jth trait. Columnwise, the AWM recovered the 
genetic correlations estimated via pedigree-based restricted maximum-likelihood methods. Gene-gene or 
gene-SNP interactions were predicted using pairwise correlation from the standardized additive 
SNP effects across AWM rows. Gene Ontology (GO) and Pathway enrichment analysis were 
performed to study the predicted gene network and an overrepresentation for GO terms and 
pathways related to lipid metabolism was observed. To identify potential regulators, we 
focussed on the transcription factors (TF) found in the gene network. After computing all 
possible combinations of TF trios we identified three TF which are network hubs: Nuclear 
receptor coactivator 2 (NCOA2), E1A binding protein p300 (EP300) and four and a half LIM 
domains 2 (FHL2). All three key TF have Transcription Factors Binding Sites in their promoter 
region for some well know TF that are considered as important regulators of lipid and 
carbohydrate metabolism. According String database, experimental data confirmed that protein-
protein interaction exist among the three identified TF and those master regulators of lipid and 
carbohydrate metabolism. Additionally, 39 of the AWM-predicted target genes have been 
recently reported in two large-scale meta-analysis studies for plasma lipids in humans. 
Interestingly, many of these genes, including the three key TF, would be missed by the 
traditional single-trait GWAS. As noted before and confirmed by this study, AWM points to 
new candidate genes, TF and gene interactions via exploring SNP co-associations across 
multiples traits beyond the one-dimensional approach for identifying genes affecting specific 
traits. In conclusion, our results suggest a cooperative role for the three TF in the transcriptional 
regulation of Intramuscular FA composition and the control of energy homeostasis in pigs. In 
addition, we provide additional evidence supporting the pig as an animal model for the study of 
metabolic diseases in humans. 
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Methodological development for the inference of gene regulatory networks from transcriptomic data
is an active and important research area. Several approaches have recently been proposed to infer rela-
tionships among genes from observational steady-state expression data alone, primarily based on the use
of graphical Gaussian models [1]. However, these methods rely on the estimation of partial correlations
and are only able to provide undirected graphs that cannot highlight causal relationships among genes.
A major upcoming challenge is hence to jointly analyze observational transcriptomic data with interven-
tion data obtained by performing knock-out or knock-down experiments in order to uncover causal gene
regulatory relationships.

Two methods have recently been proposed for causal gene network inference from observational and
intervention data. Pinna et al. [4] propose a direct, naive comparison of observed expression values
to expression under each intervention through the calculation of a standardized deviation matrix. In a
more sophisticated approach, Maathuis et al. [3] use the PC algorithm [2] to produce partially directed
networks using observational data, and intervention data are subsequently used to direct edges otherwise
left undirected. When intervention data are unavailable, the PC algorithm arbitrarily chooses the direction
of edges to avoid specific structures in the graph, such as cycles. Although this method has been shown
to enable prediction of strong causal effects from observational data alone [5], it has a major drawback:
the skeleton of the graph is fixed after estimation using the observational data, and cannot be changed
based on contributions from the intervention data.

The aim of this paper is to propose a MCMC algorithm to jointly infer causal gene networks from
observational and intervention data in the context of Gaussian Bayesian networks. In our approach, the
structure of the graph can be modified based on the additional information brought by the intervention
data. A classical Metropolis-Hastings algorithm was found to perform poorly for this purpose and was
much improved by an empirical Bayes approach with a maximization over parameters for a given graph
structure. We compare our proposed method to those of Pinna et al. and Maathuis et al. on simulated
and real data from the DREAM (Dialogue for Reverse Engineering Assessments and Methods) 2007
challenge. Our simulation study confirms the difficulty in accurately estimating causal relationships
from observational data alone, while the addition of intervention data allowed at least a partial recovery
of these relationships. We also demonstrated that multi-factorial intervention experiments could provide
more information than mono-factorial ones, thus raising the question of optimal experimental knock-out
designs for future work.
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Motivation: In addition to the analysis of genotype-phenotype relationships, mapping 

interactions between phenotypes also provides structural insight into the functional 

mechanism of biological systems. Various methods have been proposed to reconstruct 

directed phenotype networks. A recent interesting proposal, the QTL-directed dependency 

graph (QDG) approach, uses QTL information on phenotypes to infer causal directions for 

edges in an undirected phenotype network. A prerequisite for this approach is that at least one 

QTL has been identified for each trait studied. In practice, however, this prerequisite is often 

not met due to factors such as limited sample size, weak QTL effects and measurement noise. 

Results: We developed a general method to infer causal directions for edges in a large-scale 

undirected phenotype network, using both the relevant phenotypic interactions and the 

detected QTLs. Our method does not require QTLs for each and every trait. We evaluated and 

compared the performance of our method with the benchmark QDG algorithm via simulations. 

Results show that our method is applicable to general cases and leads to more accurate overall 

orientations. Finally, we illustrated our method with a real example involving metabolic and 

QTL data in ripe tomato fruits.  
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Background: Gene duplication is readily accepted as a primary mechanism for generating 
organismal complexity. However, the mechanisms responsible for the maintenance of 
duplicated genes at the genome scale are still poorly understood. Analysis of biological 
networks can help us to understand better which evolutionary forces are acting on duplicated 
genes, as their interacting context is taken into account. Using protein-protein interaction 
networks and gene regulatory networks, inferred from gene expression data, we look to 
investigate the functionalisation of duplicate genes in Arabidopsis thaliana.  
 
Description: We used the clustering algorithm Walktrap1 to define duplicate genes into 
families from a set of potential paralogous genes (found using BLAST). Making use of the 
scale free nature of protein-protein interaction networks we could investigate what effect 
duplicating a node (gene) has on the network, using such metrics as the Jaccard index, and the 
centrality and connectivity of nodes within the network. The gene-regulatory networks for 
Arabidopsis thaliana were inferred from gene expression data using SIMoNe.2 Within these 
sparse networks, the length of the shortest path between duplicate genes gives an indication to 
what functionalisation the duplicate gene pairs under went.  
 
Conclusions: Using the Arabidopsis thaliana protein-protein interaction network, our study 
showed gene function is linked to family size. This is in agreement with previous studies in 
vertebrates and invertebrates genomes. While the gene regulatory networks, implied that the 
functionalisation of duplicate genes is in part dependent on the type of duplication. Of which 
we find precedence in previous studies investigating gene expression data for Arabidopsis 
thaliana under different experimental conditions. Using biological networks to investigate the 
genome, has helped us to understand which genes can undergo duplication without overly 
affecting the protein-protein interaction network. Whilst in turn, gene regulatory networks can 
look into the functionalisation of genes after duplication. 
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