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Summary :

A pangenome variation graph (VG) is a model that compresses complete genomes [1]. Nodes
are labeled by genome sub-sequences and edges represent their contiguity in, at least, one
genome. Original genomes sequences are modeled as colored traversals of the graph. Today,
VGs are primarily utilized for analyzing structural variants in eukaryotic species. Although many
tools exist to index and query a VG, these developments mainly focused on the process of
sequence-to-graph mapping and subsequent variant calling. For many well-established
genomic analyzes such as functional annotation or specific motifs detection, no tools facilitates
straightforward querying of a VG.

We investigated the possibility to identify regulatory motif differentials from a VG when motifs
are defined as a probabilistic matrices, such as a PWM or a PSSM. Existing tools allowing such
analysis in a VG extract the linear sequence from the graph and apply traditional scoring
schemes [2], thus duplicating many score computations and overlooking the advantages of the
graph representation. We aimed to exploit the compression inherent to the graph with a
targeted approach. Initially, for each pair of genomes we identify a subset of nodes with specific
properties, the “bifurcation nodes”. From these nodes, we defined the chains and sequence
positions for which computation of differentials is relevant. Subsequently, non-redundant
computations of PSSM scores were performed, and only the most significant differences were
reported (via a user-defined probability threshold, see [3]). The final output is a set of graph
nodes and associated genome positions where putative functional changes may have occurred.
This approach, along with the consecutive optimization problems it reveals, will be presented in
details.
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Figure: Score differentials for a genome pair (g1, g2) in chromosome 1 from an apricot VG (data courtesy of V. Decrooq’s team,
INRAE, BFP, Bordeaux), by setting the p-value threshold of g1 to 10 Most regions (bifurcation nodes) are associated to a low
score differential (interval [0-10]), and 50 regions show a high differential (>10), e.g. a significant motif change resulting to putative
change/loss of biological function.
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