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In the past decades, sequencing data has been produced at an unprece-
dented pace, thanks to various sequencing projects [9–14]. FM-index based read-
aligners [4, 6, 7] played a fundamental role in the analysis of those data. The
alignment process, first build an index for one or a few genomes, then align the
reads, typically, using the seed-and-extend paradigm. We first use the index to
find exact matches of the reads in the reference, called seeds, then we extend the
seeds using dynamic programming to find approximate matches. Maximal exact
matches (MEMs) are exact matches — between the reference and the reads —
that cannot be extended neither on the left nor on the right. They are proved
to be effective candidates as seeds [5, 8].

Using only few genomes as reference can bias the results of the alignment,
leading, for example, to medical misdiagnosis. Hence, increasing the number of
reference genomes could alleviate the bias problem. The FM-index allows to in-
dex the references by storing them in a compressed space using their run-length
compressed Burrows-Wheeler Transforms (RLBWTs). However, the functionali-
ties of the FM-index to support MEM-finding are more challenging to compress.

A recent major breakthrough in text indexing is the r-index [2], which sup-
ports exact pattern matching in O(r) space, where r is the size of the RLBWT
and n is the length of the original text. In [3] it was shown how to build the
r-index efficiently for very large high-repetitive datasets, by using the prefix-free
parsing (PFP). The r-index, theoretically, can be enhanced to include function-
alities to support MEM-finding in O(r log(n/r)) space, but its design is complex
and has not been implemented. In [1] the RLBWT is augmented with r thresh-
olds such that, if we have fast random access to the text, then we can quickly
compute the matching statistics of a pattern, from which we can easily find
MEMs. The proposed solution is simple and promises to be practical — but
they did not say how to compute their thresholds efficiently!

We show how to compute the thresholds with PFP in O(n) time and space
bounded by the size of the PFP, which is often significantly smaller than the
text, while simultaneously building the r-index. As a byproduct, we also show
how to compute the longest common prefix (LCP) array, another important data
structure in text indexing, in the same time and space bounds. We have imple-
mented our algorithm and proven its practicality experimentally by building the
thresholds and r-indexes on several datasets, including 1000 human chromosome
19s and 10,000 Salmonella genomes. Finally, we have demonstrated the utility in-
dexing a large number of genomes comparing MEM-finding with a single-genome
reference, observing that on 500 genomes we find 3.7% more sequence reads with
a MEM of length greater than 50.
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