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Motivation

Research on gene expression data is essential to identify functional interactions between genes
in a species, by reconstructing gene regulatory networks. The gene@home project implemented
the OneGenE method [1] to discover novel candidate genes that could be associated with an
initial gene regulatory network, by performing a so-called task of gene network expansion.
However, the expansion lists produced by OneGeneE do not determine the causal direction of
the putative relationships between genes. We consider here to post-process the expansion lists
by means of the MPC-stable algorithm (a version of PC algorithm [2]) that explores and tests the
relationships and, possibly, orients them causally. The application of MPC-stable to gene
transcriptomic data aims at giving causal direction to the top associations found among genes
by OneGenE. This procedure builds, as a working hypothesis, a model for a directed gene
network in silico: it could shed light on gene functional dependencies and be a useful tool for the
biologist, by testing, and possibly discovering, relationships of cause and effect between gene
transcripts.

Methods

The OneGenE method expands a candidate gene of an organism, by applying a systematic and
iterative version of the PC algorithm's skeleton function, given an input matrix, which contains a
chosen subset of genes, including the candidate gene, and their observational expression data.
Since this method is applied to both Homo sapiens and Vitis vinifera genes, input matrices are
retrieved from two different resources: the FANTOMS dataset for human genes and the
VESPUCCI compendium for grapevine. After building the complete undirected graph,
connecting every pair of genes with each other, the function computes the graph skeleton:
undirected edges are cut according to the conditional independence test, performed on all
couples, by means of their expression data. If gene X and gene Y pass the test, the edge between
them is cut and the subset S of genes, conditioned on in the independence test, is included in
their separation set. If X and Y fail the test, the edge is preserved. Note that since S C adj(G, X)\
{Y}, the S cardinality increases from zero to |adj(G, X)\{Y }|. Each iteration of this function is
RAM and time consuming: furthermore, separation sets need to be stored in order to proceed
with the following orientation steps of the PC algorithm. The expansion list follows a decreasing
order: the first ranking gene has the highest relative frequency and the strongest correlation
with the candidate gene. At high relative frequency the correlation between a high-ranking gene
and the candidate gene can be interpreted as corresponding to a direct causal relationship. The
MPC-stable algorithm, which is a modified version of the original PC algorithm, is applied to a
subset of the candidate gene expansion list, by adding to the candidate gene the first thirty
genes in the ranking and a variable number of the subsequent genes on the list. In successive
runs of the algorithm, this number is increased until it coincides with all the genes of the
candidate gene expansion list. The MPC-stable applies the above-mentioned skeleton function
and proceeds to orient as many of the remaining edges as possible in two major steps: v-
structure orientation and orientation rules. If an edge between two genes X and Y is oriented in
the graph, as X-Y, X is interpreted as a direct cause of Y. The output should be a completed
partially directed acyclic graph (CPDAG), where nodes represent genes and directed edges
reflect causal relationships. The candidate gene and the first thirty genes of its expansion list
are tracked in the multiple iterations of the MPC-stable algorithm, to check if they are present
as nodes in the output graphs and in which causal relationship they stand with each other, by
checking edges and their direction. Note that the MPC-stable is applied to an increasing input of
genes, so edges between the candidate gene and the first thirty genes may vary in number and
orientation. The MPC-stable code used is a package available in the R environment.

Results

The MPC-stable algorithm has been used to investigate the gene network of a V. vinifera
transcription factor and a human lysophosphatidylcholine (fatty acids) transporter. Biological
validation of the obtained graphs and analysis results has been performed by integrating
additional experimental data.

Since edge directions and node connections are the main focus of this work, results, which may
be interesting for further consideration by specialists in bioinformatics, are shown in the form of
Cytoscape graphs, in accordance with the algorithm output.
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