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Abstract

Summary: Searching for amino acid or nucleic acid sequences unique to one organism may be challenging depend-
ing on size of the available datasets. K-mer elimination by cross-reference (KEC) allows users to quickly and easily
find unique sequences by providing target and non-target sequences. Due to its speed, it can be used for datasets of
genomic size and can be run on desktop or laptop computers with modest specifications.

Availability and implementation: KEC is freely available for non-commercial purposes. Source code and executable
binary files compiled for Linux, Mac and Windows can be downloaded from https://github.com/berybox/KEC.

Contact: beranp02@jcu.cz

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

With the availability of modern online databases and sufficiently in-
expensive high-throughput sequencing, the accumulation of large
amounts of DNA sequence data of many organisms is trivial. Using
these data for subsequent analysis, however, usually requires high-
performance computers and bioinformatically skilled personnel.
Even routine PCR primer design, if based on genomic data, is mostly
conducted using several Linux-based tools for sequence trimming,
assembly, alignment, filtering, etc.—a process which requires con-
siderable time and experience (Larrea-Sarmiento et al., 2018).

In this work, we present a new software application, K-mer elim-
ination by cross-reference (KEC), which allows for a simple search
of unique sequences in large datasets. The main advantages of the
software are its speed, and ease of use. The output provided is useful
for subsequent detailed analyses like primer design, comparative
genomics, motif finding, etc. KEC is a command-line application
that is available for all major platforms (Linux, Mac, Windows) as a
stand-alone executable binary file without any dependencies.

2 Software description

KEC is written in the Go programming language which allows for
compilation on all major modern operating systems.

The original motivation for KEC was to find sufficiently unique
DNA sequences within bacterial genomes for diagnostic PCR primer
design, which requires the identification of unique sequences among
many closely related bacterial species. After preliminary testing, it
was determined that KEC can quickly and efficiently process larger
eukaryotic genomes as well. Moreover, the software can be useful

for other genome, transcriptome or proteome related tasks. In the
case of primer design, other tools or pipelines like UniqPrimer
(Karim et al., 2019) are available. Those, however, use a different
approach and only the specific purpose of primer design.
Comparing DNA K-mers is also used to solve specific tasks like mi-
crobial identification (Panyukov et al., 2017). Our approach is
unique and has a wide range of applications beyond these singular
tasks.

The strategy used for the unique sequence search is based on the
creation of K-mers, with K being a user-specified parameter, of tar-
get and non-target sequences. The K-mers are stored in native Go
maps, a data type analogous to key/value dictionary in other pro-
gramming languages (e.g. Python). In the second step, target and
non-target maps are cross-referenced, producing a unique set of K-
mers which are not present in the non-target map. Target specific K-
mers are placed back to their original position within the original se-
quence to find regions of overlapping K-mers that are merged to cre-
ate larger sequences (Fig. 1). The larger sequences have, on average,
at least 1 out of K nucleotides unique to the target; e.g. if K is set to
12, then at least 1 nucleotide of 12 is different from non-target
sequences through the whole target. Users can specify the minimum
length of unique larger sequences returned by KEC.

Alternatively, KEC allows the cross-referencing in step two to
keep, rather than exclude, the K-mers present in non-target, while
excluding all target sequences not present in the non-target. In this
case, the resulting merged sequences are those present in both target
and non-target sequence pools.

Thanks to very high speed of Go maps, KEC operates very fast.
So far, KEC has been successfully tested on bacterial genomes. With
an average office computer or laptop, the time to compare one tar-
get bacterial genome to a non-target genome is usually under one
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second (around 500 ms with an average bacterial genome size of
5 Mb).

KEC does not aim to be all-in-one solution for any specific task.
Instead, it provides a convenient, simple and fast alternative in
established workflows. In the case of primer design, even a research-
er without specialization in bioinformatics can move from short, sin-
gle sequences (e.g. a single gene) to genomic sequences without the
need to learn new operating system specifics or complex tools. More
information about the software and a tutorial for a simple use case
scenario is available as a Supplementary Material.

3 Conclusion

KEC is a new tool for searching for unique sequences in large data-
sets. It quickly compares K-mers of target and non-target sequences

and returns sequences that are not present in the non-target sequen-
ces. The main advantages of the software are its speed, memory effi-
ciency and ease of use. KEC enables researchers working on any

major operating system to easily compare multiple sequences to find
unique regions.
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Fig. 1. KEC unique sequence search strategy. (1) K-mers are created based on target

and non-target sequences. (2) Target and non-target K-mers are cross-referenced,

target K-mers present in non-target pool are removed. (3) Surviving target K-mers

are placed to the original position within original sequence. (4) Overlapping K-mers

are merged into larger sequences. (5) Resulting larger sequences are recovered
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