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Abstract

Bacteria play a crucial role in human health, and their rapid identification is essential for
timely interventions in cases of infections or outbreaks. The rapid progress in genome
sequencing technologies has led to the creation of large bacterial genome collections, such as
661k [1] (n = 661,405) and AllTheBacteria [2] (n = 2,440,377). These databases have
significant potential for applications such as rapid diagnostics of antibiotic resistance [3] and
epidemiological surveillance [4], provided they can be efficiently searched in real time at
points of care on portable devices.

However, real-time alignment across million-genome collections on portable devices is not
possible with the available methods. While traditional tools such as BLAST [5] offer
near-real-time search, they depend on a cluster and search only a limited subset of available
genomes [6]. State-of-the-art k-mer indexes [7-9] struggle to scale to millions of genomes
[10,11] or require clusters [8,9]. LexicMap [12] provides a moderately efficient BLAST-like
search (15 mins per plasmid), but with resource requirements unsuitable to portable devices
(AllTheBact index >4TB disk). The most promising has been Phylign [6], which manages
alignments to the entire 661k collection on a standard laptop (index 100 GB disk, 14 GB
RAM, 0.25 min per plasmid with batching). However, Phylign’s suitability to time-critical
decision-making at points of care [13] is limited by its dependency on COBS [13], which is fast
only for short queries or near-exact matches. Although phylogenetic compression could be
combined with more modern low-level indexes [10,11], no established methodology yet exists
to guide their selection, mode of use, and parameter choice.

In this presentation, we will introduce a methodology for k-mer matching across million
genome collections on portable devices using phylogenetic compression. We will begin by
translating selected biological and epidemiological questions into k-mer-based algorithms and
explore four types of atomic k-mer queries required across different types of questions. Next,
we will summarize techniques for integrating k-mer matching within large-scale workflows
using phylogenetic compression such as Phylign. We will then present results from our
performance evaluation of three state-of-the-art k-mer indexes: Fulgor [11], Themisto [10], and
Metagraph [9]. Finally, we will show that replacing COBS with phylogenetically compressed
Fulgor reduces k-mer matching time by a factor of >6x for long sequences, while maintaining
the comparable space requirements. Overall, our work provides practical guidelines for
biologists and epidemiologists for applying k-mer-based search to their specific biological
questions, on standard laptop computers.
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