ReSkmer: Modeling Repeats Improves Low-Coverage,
Alignment-Free Estimates of Genomic Distance
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Simulated and Biological Data Results

Reference-Free, Alignment-Free Distance Estimation Ordinary Least Squares Estimates Error-Free Coverage

= Genomic distance (d) is a direct measure of genetic diversity (0). Observed k-mer histograms (0) ¢ Mash & Skmer & ReSkmer-ref & ReSkmer-noref
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= Skmer assumes that genomes are not repetitive.

= r, = number of k-mers that appear i times in a genome (i.e., its repeat

spectrum, R).

= Uniqueness Ratio (UR = r{/L) is the ratio of the number of unigue
k-mers to the length of the genome.

= UR varies across the tree of life, ranging from 1.0 — 0.28 [3].

Figure 2. Observed k-mer histograms (O) are a convolution of the genome
repeat spectrum (R) and the sequencing process. If there is no error (top),
O’s distribution is parametrized by A. If € # 0 (bottom), then O is a sum of
two distributions: 1) counts of error-free k-mers parameterized by £ and, 2)
a distribution of erroneous k-mers. For larger k-mer frequency bins (h), we
expect no errors. Thus, for a selected range Hy < h < Ho, we estimate &

Figure 3. Simulated Distances Results. \We simulated population-level
distances by introducing SNPs to genomes with varying URs (shown on the
right). Here is a comparison of alignment-free distance methods.
ReSkmer-ref refers to ReSkmer with R obtained from an assembly, while
ReSkmer-noref refers to an R estimated with Respect [3].

using OLS. In both cases, A = Zh(0h>/ L. Apis mellifera Drosophila melanogaster
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Figure 1. Repeats change the intersections between k-mer sets.

= k-mers occur at different multiplicities (r;) in a genome.

= |f k-mers are uniquely represented, then I only depends on d (bottom).

" |n repetitive genomes, k-mers will occur at different multiplicities (r;),
because MinHash sets I ignores multiplicites, Iset # I tcet (Middle).

= The intersection of two genome skims is changed by k-mer coverage

(\) and error rate (¢) (top).
= To get d, we model: E||I|] = Z(d; R, A\, €) using estimates of A, ¢, and R.

https.//github.com/echarvel3/ReSkmer

2. Erroneous k-mers artificially inflate the intersection due to error.
= Consider two lists containing randomly picked 1-neighbors of u, with replacement.
= Moreover, we have r'" k-mers repeated i times in GO, and thus,
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Finally, We then model how neighbor lists are generated through
mutation and/or errors (not shown here) and add both intersections:

0, (da R(1)7 )\(1)7 €<1)7 77<1)7 )\(2)7 6(2)7 77(2)) — EH]O” + EHhH

upon repeat-agnostic methods.

= Biodiversity monitoring may decrease cost by eliminating the need for
a reference genome and by sequencing at coverage as low as 1x.
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