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High-throughput sequencing is often used to examine intra-species diversity. Most studies are focused on calling and

genotyping SNPs. For some loci, it is difficult to identify reliable SNPs. For instance, piled up mappings from closely

related sequences (like paralogous genes) produce fake heterozygous SNPs (Fig. 1). These mappings can be

considered as a kind of Copy Number Variation specific to non-identical copies. Here we present a new software

pipeline, kmeleon, aimed at identifying and analyzing these mappings.
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Input data for kmeleon are read mappings from one or more samples. First, the software
extracts the different sequences mapping to each reference genome locus. Then, these
sequences, known as k-mers of user-defined length k, are counted. These k-mer counts can be
compared between samples or could be used directly for downstream analyses. Moreover,
kmeleon allows translating those k-mer counts to a BED file of intervals, which may be used also
for downstream analyses (e.g. detecting in which genes there are polymorphic intervals). In
addition, kmeleon computes pairwise distances between samples, based on k-mer counts.

A species genome, the pan genome, bears Presence-Absence Variation. Thus, a single genome as reference is an incomplete framework. Due to this, there are
loci which are difficult to genotype using SNP-based approaches. Nonetheless, k-mer count analysis allows detecting polymorphisms in those loci. This intra-
species variability, which is often related to paralogous genes and pseudogenes, could be associated to beneficial phenotypes and, therefore, it could be useful
for genetic studies. Further analysis of this barley data revealed gene families which are either enriched (e.g. NBS-LRR encoding genes) or depleted (e.g. genes
enconding for pentatricopeptide-repeat containing proteins) in those regions. As such, k-mer count analysis could contribute to detect differences in the rate or
mode of evolution of different gene families. We hope that the kmeleon pipeline could be useful to research groups interested in genetic variation.
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https://github.com/eead-csic-compbio/kmeleon

BARLEY EXOME CAPTURE DATA

Samples and sequencing

DNA was obtained from 75 barley accessions. Most of these were
pure lines derived from Spanish landraces (SBCC lines), whereas a
few of them were cultivars, including Morex as control (Fig. 2). All
accessions were subjected to exome capture (Mascher et al. 2013)
and sequencing with Illumina HiSeq2000. 68 samples were pooled
in groups of 4 samples, before exome capture at CNAG (Barcelona,
Spain). A group of 7 samples were captured and sequenced by a
different facility at IPK (Gatersleben, Germany).

Data analysis

Reads were mapped to the Morex Genome (Mascher et al. 2017),
using bwa mem with default parameters. Read duplicates were
removed with Picard tools before undertaking indel realignment
with GATK tools. Resulting BAM files were processed with kmeleon.
Histograms and proportions of k-mer counts were obtained for in
on- and off-target regions. Intersections of kmeleon intervals with
existing annotations were performed with bedops and bedtools.
The pairwise distances matrix was used to set up a phylogenetic
tree with R hclust after correcting for batch effects (Fig. 3).

Figure 2 – Total number of mapped bases with a given k-mer count, between 1 and 10,
for each sample. The left-most vertical group of dots shows the relative distribution of
samples (each sample represented with a dot) for total number of mapped bases. Most
samples have between 79 and 124 Mbp mapped (the sample in black is an outlier).
Morex (red dot and arrows) is approximately in the center of the distribution. Morex
also appears in the center of the distribution for k-mer count = 1 (second vertical group
of dots). However, the number of mapped bases from Morex falls below the distribution
for k-mer counts > 1, as expected given that is the genotype used as reference. The
average number of mapped bases with k-mer count > 1 is 3.9 Mbp.

Figure 3 – A) Phylogenetic tree obtained from clustering of pairwise distances between samples, computed from the
intersection of intervals with more than one k-mer. The four background rectangles in the tree correspond to accessions from
the same population group. B) Probability of belonging to a STRUCTURE population group (Q1-Q4), obtained from SNP data
(Illumina 9K). The phylogenetic tree is mostly congruent with that obtained from SNP data. C) Each color represents a different
capture and sequencing library. Distances were normalized for samples from the same library to remove batch effects.

Figure 1 – Example of piled up mappings in one locus for which one related sequence is
absent in the reference. Left: reads from two paralogous loci are sequenced. Right: after
mapping to the reference, lacking one locus, heterozygous variant callings (“h”) are
produced, besides homozygous callings (“H”).
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