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Abstract
The de Bruijn graph has become a standard method in the analysis of sequencing reads in computa-
tional biology due to its ability to represent the information contained in large read sets in small
space. A de Bruijn graph represents a set of sequencing reads by its k-mers, i.e. the set of substrings
of length k that occur in the reads. In the classical definition, the k-mers are the edges of the graph
and the nodes are the k − 1 bases long prefixes and suffixes of the k-mers. Usually only k-mers
occurring several times in the read set are kept to filter out noise in the data. De Bruijn graphs have
been used to solve many problems in computational biology including genome assembly [4, 9, 1, 8],
sequencing error correction [10, 7, 11, 5], reference free variant calling [13], indexing read sets [6],
and so on. Next I will discuss two of these problems in more depth.

The de Bruijn graph first emerged in computation biology in the context of genome assembly [4, 9]
where the task is to reconstruct a genome based on sequencing reads. As the de Bruijn graph can
represent large read sets compactly, it became the standard approach to assemble short reads [1, 8].
In the theoretical framework of de Bruijn graph based genome assembly, a genome is thought to be
the Eulerian path in the de Bruijn graph built on the sequencing reads. In practise, the Eulerian
path is not unique and thus not useful in the biological context. Therefore, practical implementations
report subpaths that are guaranteed to be part of any Eulerian path and thus part of the actual
genome. Such models include unitigs, which are nonbranching paths of the de Bruijn graph, and
more involved definitions such as omnitigs [12].

In genome assembly the choice of k is a crucial matter. A small k can result in a tangled graph,
whereas a too large k will fragment the graph. Furthermore, a different value of k may be optimal
for different parts of the genome. Variable order de Bruijn graphs [3, 2], which represent de Bruijn
graphs of all orders k in a single data structure, have been proposed as a solution but no rigorous
definition corresponding to unitigs has been presented. We give the first definition of assembled
sequences, i.e. contigs, on such graphs and an algorithm for enumerating them.

Another problem that can be solved with de Bruijn graphs is the correction of sequencing
errors [10, 7, 11, 5]. Because each position of a genome is sequenced several times, it is possible to
correct sequencing errors in reads if we can identify data originating from the same genomic region.
A de Bruijn graph can be used to represent compactly the reliable information and the individual
reads can be corrected by aligning them to the graph.
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