Functional inference by genetic context analysis — an
application to ABC transporters
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The availability of multiple complete genomes offers the opportunity to develop new methods to complement
more traditional similarity-based methods for predicting protein function. Among them, methods that predict
higher order of organisations such as metabolic pathways, regulatory networks, or protein assemblies appear to
be the most promising. According to [6], these methods fall in three classes: identification of fused genes [3][9],
phylogenetic profiles [12][15-16], and analysis of conservation of the local neighbourhood of genes [2][11]. In
the past few years, the later received the largest attention. This approach is based on the observation that a
prominent feature of bacterial chromosomes is the presence of transcriptional units (operons) composed of
functionally related genes. This observation is further confirmed by statistical analysis of functionally related
ORFs that have a strong tendency to be in the same strand when there are located in the same neighbourhood
[11]. In this context, the question of the conservation of genomic context has been addressed throughout the
analysis of genes belonging to the same transcriptional unit. Since these units are generally unknown, they are
inferred as sets of genes in the same orientation and with spacer regions of less than 300 bp (referred as genes in
runs in [11]).

Surprisingly, several studies have consistently shown that only a few genes exhibit highly conserved
neighborhoods in many genomes, moreover most of them encode proteins in direct physical interactions. Aside
models based on physical interactions and co-regulations, other hypothesis have been proposed to explain gene
neighborhood conservations [8]. It is worthy of note that some of them do not rely on constraints such as
orientation and spacer between genes, but just rely on genomic proximity. For example, gene clustering might be
beneficial when high local concentration of protein products in the cytoplasm is necessary to perform a complex
function (referred as Molarity Model in [8]). From an evolutionary perspective, genes that function together can
confer a selectable phenotype and thus, their grouping in discrete region of the chromosome may facilitate their
propagation to other organisms throughout horizontal transfers. In this case, the gene cluster is initially beneficial
to the genes themselves, not to their host organisms (referred as Selfish Operon Model in [8]).

Therefore, there are evidences for genes functionally related to be conserved in the same neighborhood without
the constraint to remain in the same operon. Hence, we decide to develop a method to delineate such conserved
gene clusters from a large number of genomes, without restraining the analysis to genes in the same orientation
and in a close proximity. We applied our algorithm to genes coding for proteins participating to the assembly of
ABC transporters systems reconstructed from bacterian genomes. These systems, involved in the exchanges
(import and export) with the external environment, are suspected be to transmitted by horizontal transfers. Genes
encoding different components of these systems are known to be conserved in the same neighbourhood, but not
necessary in the same putative transcriptional unit [13-14]. In addition, analysis of the proximities of these genes
could reveal new partners of the integrated system, such as proteins implicated in the metabolism of the
substrate.

Given a query gene in a given genome, our aim is to study the conservation of its neighbourhood in all other
genomes. Thus, the analysis is anchored by the query gene in one genome and its relative in the other genome.
These genes are referred as the pair of anchor genes. We assume that we are able to define relationships between
genes in from two genomes (i.e. homology or othology relationship). Another assumption of our method is that
functional relationship between genes will decrease with increasing distances between them. Since our analysis
do not rely on transcriptional constraints, distances can be expressed as the number of intervening genes between
the related pairs of genes and without constraint on their orientation. The region to explore apart the pair of
anchor genes can be either chosen by the user (fixed window size) or computed with an upper gap threshold as
parameter.

If the window length is fixed, a simple way to resolve this problem is to consider neighbour conserved genes as
lists in each genomes. These lists should include the anchor gene and are extended from each side until a gap
greater than the accepted level is encountered. However, since conserved genes in one list are not necessarily
present in the second one, an intersection of lists is performed to get the subset of common genes. At this step,



the eliminated genes may increase the gap length and reduce the list length on both sides. Hence, the procedure
is iterated until convergence. At the end, we obtain the list of conserved genes around the anchor gene in both
genomes, for a fixed window length and a gap threshold. Since the set of genes conserved with gap d-1 is
included in the set of genes conserved with gap , the algorithm can start with the greater gap length, and uses
the list computed at gap & to compute the conserved genes at gap 6-1. This greedy algorithm has been
implemented to serve as reference. However, keeping in mind that our aim is to explore complete genomes, a
more efficient algorithm will be presented. It was developped using the framework of the temporal satisfaction
problem [10] belonging to the artificial intelligence field. The complexity obtained is linear and allow to analyse
the large amount of biological data. This method will be implemented as a task in the ABCKB database [1].

When we look for conserved neighbourhood, we first assume that it is possible to identify conserved genes
between genomes. This is generally achieved by the delineation of orthologous relationships. This notion of
orthology received prominent attention because it is generally admitted that orthologous genes encode the same
function in different genomes. However, if the notion of orthologous genes can be clearly established at the
evolutionary level [4-5], its implementation is almost impossible since evolutionary pathway of the genes cannot
be reconstructed with enough confident level. However, one may ask whether orthologous relationships are an
absolute requirement when we are looking for conserved gene clusters. Indeed, co-occurrence of homologous
genes could be as well as informative to suspect functional links. An illustration of this idea is the identification
of unexpectedly frequent associations of genes encoding two-component systems with genes encoding ABC
transporter in Bacillus Clostridium group [7] which were found functionally linked, at least at the transcriptional
level.
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