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Abstract

The exponential growth of DNA sequencing data calls for efficient approaches for their compression
and search [1,2]. Modern bioinformatics increasingly uses k-merization as a central tokenization
technique. This process enables a unified representation of various genomic data types and facilitates
data reduction via techniques such as subsampling [3] and sketching [4]. k~~-mer-based methods have
been successfully applied in large-scale data search [5—7], metagenomic classification [3,8], infectious
disease diagnostics [9,10], and transcript abundance quantification [11,12], among other applications.
As the resulting sets may encompass hundreds of billions of k-mers [7,13], efficient storage, querying
and associated k-mer set operations have become critical issues in sequence bioinformatics [14—16].

Traditional information theory-based approaches offer worst-case lower bounds for storing k-mer

sets [17]. However, much better compression can be achieved in practice by exploiting their non-
independentness of k-mers via the so-called spectrum-like property [18]. This concept was used in
unitigs and later simplitigs / Spectrum Preserving String Sets (SPSS) [19-22], followed by matchtigs /
repetitive SPSS (rSPSS) [23]; all compact k-mer along non-branching paths in the associated de Bruijn
graphs. Importantly, the resulting sequences can be efficiently compressed with general-purpose
compressors and are integral to numerous k-mer-set data structures [24-26]. However, (r)SPSS, when
applied to modern data that incorporate k-merization combined with subsampling [3] or sketching [4],
do not achieve high compressibility due to their reliance on (k-1)-long overlaps, which are typically
absent.

In this talk, we will present our recent results on masked superstrings as an efficient representation of
unconstrained k-mer sets, suitable for indexing and dynamic operations [27-29]. Masked superstrings
consist of an approximated shortest superstring of the k-mers to be represented, accompanied by a
mask distinguishing the true represented k-mers from the false positives [27]. Masked superstrings
unify and generalize all (r)SPSS [19-23] and further enhance the resulting compression efficacy [27].
Although computing optimal masked superstrings is NP-hard, they can be near-optimally
approximated in linear time [27], as implemented in the KmerCamel tool
(https://github.com/OndrejSladky/kmercamel). Furthermore, we have used masked superstrings to
develop FMSI [29] (https://github.com/OndrejSladky/fmsi), a space- and time-efficient data structure
for k-mer set indexing using a modified version of the Burrows Wheeler Transform (BWT) [30] called
Masked BWT (MBWT). FMSI substantially improves space efficiency compared to the state of the art
[25,31-33], while maintaining competitive query times. We will conclude by demonstrating that
masked superstrings are amenable to dynamic operations, via an algebraic merge-based framework of
so-called function-assigned masked superstrings (f~-MS) [28]. Overall, our work demonstrates that
indexes and representations based on superstrings are a highly general, efficient, and dynamic
approach for modern k-mer sets, without imposing constraints on their structure.
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