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Abstract

Summary: Microsatellites are found to be related with various diseases and widely used in popula-

tion genetics as genetic markers. However, it remains a challenge to identify microsatellite from

large genome and screen microsatellites for primer design from a huge result dataset. Here, we

present Krait, a robust and flexible tool for fast investigation of microsatellites in DNA sequences.

Krait is designed to identify all types of perfect or imperfect microsatellites on a whole genomic

sequence, and is also applicable to identification of compound microsatellites. Primer3 was seam-

lessly integrated into Krait so that users can design primer for microsatellite amplification in an effi-

cient way. Additionally, Krait can export microsatellite results in FASTA or GFF3 format for further

analysis and generate statistical report as well as plotting.

Availability and implementation: Krait is freely available at https://github.com/lmdu/krait under GPL2

License, implemented in C and Python, and supported on Windows, Linux and Mac operating systems.

Contact: chizhang_swmu@126.com

Supplementary information: Supplementary data are available at Bioinformatics online.

1 Introduction

Microsatellites, also commonly referred to as simple sequence re-

peats (SSRs) or simple tandem repeats (STRs), are short tandemly re-

peated DNA sequences of 1–6 bp unit length. Owing to their

ubiquitous occurrence and high polymorphism, they have been ex-

tensively utilized as powerful molecular markers in genetic mapping,

population genetics, DNA forensics and phylogenetics (Ellegren

2004; Vieira et al., 2016). Microsatellite mutations are dynamic

processes within tissues and across generations that are implicated

in numerous human genetic diseases and play pivotal roles in vari-

ous regulatory mechanisms and evolution (Kelkar et al., 2011). For

example, it has been reported that microsatellites are mainly respon-

sible for morphological evolution in domestic dogs and distinctive

social behavior in voles (Merkel and Gemmell, 2008).

With the rapidly increased availability of genomic data, a new in

silico approach based on computational tools is widely used to

extract microsatellite markers instead of using the cost- and labor-

intensive traditional approaches. To date, large numbers of algo-

rithms and bioinformatic software have been developed for micro-

satellite search and investigation, such as MISA (Thiel et al., 2003),

SciRoKo (Kofler et al., 2007), msatcommander (Faircloth, 2008),

MSDB (Du et al., 2013) and GMATA (Wang and Wang, 2016).

Most of them exhibit excellent performance in genome-wide micro-

satellite searches, except the web-based tools that only able to deal

with a limited range of genomic sequences. Generally, searching for

microsatellites within genomes is not only used to study their distri-

bution and abundance, but more importantly, to obtain useful and

stable markers for subsequent biological analysis. Unfortunately,

animal and plant genomes are so large and contain vast numbers of

microsatellites that it remains a challenge to screen for microsatellite

markers from huge datasets that meet our requirements for primer

design. For example, the human genome contains two million
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microsatellite loci (Subramanian et al., 2003). Additionally, all the

previously developed search tools have their own proprietary output

formats that restrict biologists to carry out the downstream analysis

and provide no visualization for microsatellite search results (see

Supplementary Table S1 for full comparison).

Here we present Krait, a robust and ultrafast tool with a

user-friendly graphic interface for genome-wide investigation of

microsatellites, which attempts to overcome the limitations of the

currently available tools. Krait allows searches for perfect, imperfect

and compound microsatellites and can be easily used to screen

microsatellite markers for subsequent primer design.

2 Implementation

Krait is written in Python and can be run as a standalone desktop

application on Windows, Linux or Mac systems without dependen-

cies. The microsatellite search engine is written in C and compiled as

Python modules for import into Krait.

2.1 Microsatellite search algorithm
We employed brute force search algorithm 2 described by Sokol

et al. (http://dimacs.rutgers.edu/Publications/Modules/Module09-2/

dimacs09-2.pdf) to search perfect microsatellites. Let S be a DNA

sequence, S[i] denotes a nucleotide at position i and p denotes the

period of the repeat. Thus, for each position i in the sequence, the al-

gorithm first looks for a mono-nucleotide repeat tract (p¼1) by

comparing S[i] with S[iþp] and increments of i if they are equal,

until no further equation can be found (Supplementary Fig. S1A). If

no mono-nucleotide repeat tract is detected, then it looks for a di-

nucleotide repeat tract (p¼2) and so on until searching for a hexa-

nucleotide (p¼6). If an identified repeat tract meets the user-

specified minimum repeats, it will be reported in a result table.

For imperfect microsatellite search, the algorithm first looks for

a perfect SSR seed, and then the seed is extended in both 50 and 30

directions with some edit operations like substitutions and indels.

The extension is a process that aligns the original sequence to its ex-

pected perfect counterpart by using the dynamic programming algo-

rithm to calculate edit distance (see Supplementary Section S2.2 for

details). The extension will be terminated when consecutive edit op-

erations exceed a maximum that is user-specified or extend to the

end of the sequence. Once the extension is finished, the optimal

alignment will be constructed and the number of substitutions, in-

sertions and deletions are calculated respectively (Supplementary

Fig. S1B). Finally, the candidate imperfect microsatellite score is cal-

culated according to a simple equation:

Score ¼Matches� Substitutions �MP� Indels �GP

where MP denotes mismatch penalty and GP denotes gap penalty. If

the score of the candidate imperfect microsatellite meets the user-

specified minimum required score, it will be reported in a result

table (see Supplementary Section S2.3 for details).

2.2 Primer design
Krait can design amplification primers for identified microsatellite

markers using Primer3 (Untergasser et al., 2012) as its primer design

engine. Primer3 was seamlessly integrated into Krait, which is attrib-

uted to the primer3-py project (https://github.com/libnano/primer3-

py), while currently available tools implement Primer3 from the

external environment. In this way, Krait extremely improved the

performance of batch primer design for a large number of microsat-

ellites. The parameters used by Primer3 can be specified by the user.

The results including primer sequences and detailed information are

summarized in a table.

2.3 Input and output
Currently, Krait accepts FASTA formatted files containing any num-

ber of sequences as input for microsatellites search. Furthermore,

Krait can accept a gzip compressed FASTA file as input that is suit-

able for large genome analysis. Krait can utilize Gene Transfer

Format (GTF) or Generic Feature Format (GFF) formatted annota-

tion file to determine in which region (CDS, UTR, Intron or Exon)

the microsatellites are located. Krait supports many output formats.

The microsatellite search results can be exported as Comma

Separated Values format (CSV), GFF3 or FASTA file. In addition,

Krait can generate a PDF formatted statistical report.

3 Run time evaluation

Run time was benchmarked by applying Krait and five other micro-

satellite detection tools to three genomes for perfect microsatellite

identification. The minimum number of repeats were selected as 14,

7, 5, 4, 4, 4 for mono- to hexa-nucleotides, respectively. The bench-

mark results (Table 1) clearly demonstrate that Krait is the fastest

tool for microsatellites detection.
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