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Introduction:-

Simple sequence repeats (SSRs) or “microsatellites” as coined by Litt and Luty in 1989 are short tandem repeats
(motifs) of length 1-6 nucleotides (Toth et al., 2000) and are found in genomes of both prokaryotes and eukaryotes
(Field and Wills, 1996). As per repeating unit pattern SSRs can be categorized into mono- (C)n, di- (TA)n, tri-
(TAT)n, tetra- (AGAC)n, penta- (ATTAA)n and hexa- (TTTAAC)n nucleotide repeats where n is the number of
repeating motif within the SSR locus. Further SSR can be categorized as perfect [without interruptions or we can say
continuous repeat of single motif; (AGA) 15], imperfect [with interruptions by non-repeat nucleotide or with a base
pair disruption between repeats; (AGA) 7A (AGA) 8] and compound [two or more SSRs are found adjacent to one
another; (GTG)8(AT)16] (Bachmann and Bare, 2004). In addition to this, a compound SSR can also be categorized
as a perfect compound [(AT)n(GA)n] and overlapping compound [overlap of few bases of previous SSRs with next
SSR; (CCA)Nn(CT)n]. Further, Microsatellites can be genomic, if developed from genomic DNAs (gSSRs) or can be
expressed, referred to as EST-SSRs if developed from an expressed sequence database, (Vieira et al., 2016, Ellis and
Burke 2007). EST- SSRs have high power because of their associations with expressed genes, directly contributing
to a phenotype (Varshney et al., 2005). In plants, SSRs can also be classified as nuclear SSRs if they occurred in
nuclear DNA (nuSSRs) and chloroplast SSRs (cpSSRs) if they occurred in chloroplast DNA.SSRs are present in
both coding and non-coding regions of the genome (Tauz and Renz, 1984; Gupta et al., 1996; Shanker et al., 2007a).
The SSRs found in the coding region affect gene activation, resulting in the expression of protein and reflects lesser
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polymorphism in the coding part (Hancock, 1995) and SSRs are present in the non-coding region affect gene
regulation (Lawson and Zhang, 2006). Tautz and Schlotterer (1994) reported that these repeats may be generated as
a result of the slippage mechanism during replication. These microsatellites promote the development of markers
that are widely used by researchers in DNA-based genetic analyses for the past 25 years, which show locus
specificity, high reproducibility, co-dominance inheritance and hypervariability (Squirrell et al., 2003). The flanking
sequences of SSRs help in selecting PCR primers that amplify the repeat sequence (Botstein et al., 1980). SSRs play
important role in studying genetic variation, gene tagging, linkage mapping (Gupta et al., 2003; McCouch et al.,
1997; Ramsay et al., 2000) and evolutionary studies (Buchanan et al., 1994). Many researchers have reported the
involvement of SSRs in transcription, translation, regulation of promoters (Martin et al., 2005; Vinces et al., 2009)
and certain neurodegenerative diseases (Ashley and Warren, 1995). These are widely used in paternity testing,
mapping locations within the genome; Researchers use microsatellites in population genetics and species
conservation projects. Plant geneticists have proposed the use of microsatellites for marker-assisted selection of
desirable traits in plant breeding. Microsatellites are used for assessing chromosomal DNA deletions in cancer
diagnosis. Microsatellites are widely used for DNA profiling, also known as “genetic fingerprinting”, of crime stains
(in forensics) and tissues (in transplant patients).

Considering the importance of microsatellites in studying genetic similarity/dissimilarity, various studies have been
made to identify and characterize them in the laboratory. The development of SSR markers in the laboratory is
intensive and time-consuming (Zane et al., 2002). The increasing availability of genome sequences of various
organisms in biological databases proved to be a fast and inexpensive way for in silico mining of SSRs (Shanker et
al., 2007b). Therefore with the advancement in technology and the easy availability of genome sequences at NCBI,
many bioinformatics tools have been developed to detect microsatellites. In a survey broadly three types of tools
were found like web-based, species-specific databases and standalone software. The web-based tools such as
Tandem Repeat Finder by Benson (1999), MISA-web (Beier et al., 2017), SSRFinder, PALFinder (Hodel et al.,
2016 and Vieira et al., 2016) and SciRoko (Kofler et al., 2007) conduct SSR mining, whereas other tools, such as
SSRLocator (Maia et al., 2008) and SSRPoly (Duran et al., 2013) also design primers. Genome specific SSR
identification databases such as Cotton Marker Database (Blenda et al., 2006), EuMicroSatdb (Aishwarya et al.,
2007), PIPEMicroDB (Sarika et al., 2013), Setaria (Pandey et al., 2013), MitoSatPlant (Kumar et al., 2014),
ChloroSSRdb (Kapil et al., 2014), cotton (Wang et al., 2015) and CyanoSat (Kabra et al., 2016) were developed.

These may detect perfect, imperfect or both microsatellites. Our study revealed that for many web-based SSR and
EST mining tools like ParPEST (Chiusano et al., 2005) and ESAP plus (Ponyard et al., 2016 ) literature is available
but access to them is difficult. Similarly, WebSat: software for marker development restricts the user to upload
150,000 characters only. The offline tools available do not provide batch processing like GMATo (Wang et al.,
2013) and GMATA (Wang and Wang, 2016). Krait tool (Lianming Du et al., 2017) performs batch primer design.
All these tools have different features that cater to different needs as per study or objectives. In the present work, an
effort has been made to develop robust standalone software that provides batch processing of files for primers design
of Perfect motifs to identify common, unique and polymorphic microsatellites to show length polymorphism in other
genomes for a specific genetic study.

Material and Methods:-

Input files:

Genome or nucleotide sequences in Genbank and FASTA format were downloaded from NCBI Genbank.
(https://www.ncbi.nlm.nih.gov/genbank/).

Technology used:

Input files were processed for microsatellites detection using the in-house built standalone tool with an interactive
user-friendly graphic user interface that has been designed using Java Net Beans IDE 8.0.2; it is robust and
platform-independent technology. Strawberry Perl is used for implementing Perl script misa.ini which is a
configuration file to set the number of interruptions and repeat size and misa.pl (MISA, http://pgrc.ipk-
gatersleben.de/misa/download/misa.pl), a Perl script that is used for mining perfect and compound simple sequence
repeats. The entire algorithm has been written using Java programming language that performs a call to misa.ini,
misa.pl and Primer3 software (http://primer3.org/releases.html) with default parameters. Microsatellites considering
the flanking region of 200 nucleotides are used in the pipeline to design batch primers of all the detected
microsatellites. The workflow is demonstrated in figure 1.
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Batch PCR Primers designed using Primer3

Data imported via excel and text files for downstream analysis

Figure 1:- Workflow of the Microsatellite Identification/Primer design and related statistics.

Results and Discussion:-

This tool has been successfully tested and run on various size complete genome sequences for mining and analyzing
perfect and compound microsatellites. Batch processing of FASTA format files results into information such as SSR
type (perfect or compound), size, start position, end position, coding, and non-coding region, Flanking sequences of
200 nucleotides for both upstream and downstream region of SSRs are provided with left and right primers, left and
right primer length, primer TM, primer GC %, product size. These primers are important for developing
microsatellite-based markers and to identify common, unique and polymorphic simple sequence repeats. Details of
null primers i.e. microsatellites for which primers are not formed due to insufficient flanking regions or poor melting
temperatures are stored in separate files. Statistics details is displayed in separate files mentioning total humber of
sequences examined, total size of examined sequences (base pair), total number of identified SSRs, number of SSR
containing sequences, number of sequences containing more than 1 SSR, Number of SSRs present in compound
formation, distribution to different repeat type classes; having unit size with corresponding number of SSR and
frequency of identified SSR motifs. The data is automatically saved to text and MS excel formats in designated
folders.

Unique features of the tool:

1. The minimum number of nucleotides and interruptions can be reset and saved in the configuration file.

2. Proper validations are applied to check valid file types and extensions.

3. It checks the FASTA format files. For batch processing the number, names and location of files send for mining is
displayed (figure2).

4. Multiple files can be processed at a time with a single click, no need to attach or upload files again and again.

5. The files after mining (simple sequence repeats and statistics) are saved to properly designated folders (figure 3).
6. No file size restrictions.

7. The users can either simply detect microsatellites and related statistics or by using corresponding GenBank file
they can detect coding, non-coding regions with flanking sequence and primer design.

8. Output formats are text and excel files. Results can be used with BlastN for further analysis.

Batch processing of sequences with accession number BKO010421.1 (364 kb), EU999004.1 (2.0 kb),

EU999005.1(3.0 kh), EU999006.1(2.0 kb), EU999007.1(1.0 kb), EU999008.1 (2.0 kb) and FJ156734.1(1.0 kb)
having total file size 375 kb was performed in 6.0 seconds.

794



ISSN: 2320-5407 Int. J. Adv. Res. 8(02), 792-797

Repeat Types [_Mono |0 )| m [ __Ten ]| Peta || W |

Mindmun fuceotides  — | I [} | 1 J 1 k] I 1 1L il |
Interruptions [ 0 |
| Save Parameters i | Reset |

ﬁ.-uguguu.

G FASTANG. . and i3 moved foc miniC \stambemyperoutlowtiasuploadNe, 001320 tna b
i FASTA Me_. andis moved for miningC \suambenmipambintlentiosuploadtiC_001548 ate
3 15 FASTA fe _and I8 moved for miningC \strawdeny\pembinNonfiesuploadc_001631 hatd
3 18 FASTA 0. 300 18 moved tor miningC: P Ea3uplosaNC_001844 it
15 FASTA Me __and s moved for miningC strawdormy'perfinilonfiasuploadhiC_00184% Ina td
15 FASTAfe__and 18 moved for miningC: Y Heowhe ANC_001879 thate

[omatrai] [t | [oosts | s

Drop Getank Fles here— UYes (ke

[otoomr| | ownpomes | [ wam | | x|

Figure 2:- Tool displaying batch submission of files for processing.

* Mining Simple Sequence repeats....
Repeat Types I Meno [ o 00w [ vetm [ penta [ Wea |
Minimun fudeotides [ 12 ! [ || ) 1 [ 3 [ 3 1 3 ]
Intesruptions [ ) |
| Save Parametess | ¥ Reset |
“1
Drop Mes here 1o upload ..
5 FASTA fe__and is moved for mininpC: ONC_ 001320 tnatd
5 18 FASTA fee _andis for miningC: NC_O0558 nate
15 FASTA tie__and is moved for miningC 001831 tna e
8 FASTA fee__ana i moved for minngC: NC_001684 Ina
15 FASTA fte... and Is moved for miningC NC_001285 tnatd Message
8 FASTA Be__and is moved for miniegC o i C_001879 na bt

U]
Fills have been mined 304 5aved 1o pah

| poad rastartes | vploadesttles | | mnessks | [cioar Soected s o Youcan ot o ok ol 3 et ot

(o)

Drop Geatiank Hes here... UYes Mo

Figure 3:- Tool displaying batch files processed and saved at respective paths.
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Conclusion:-

This integrated tool is a standalone application of MISA that detects perfect and compound simple sequence repeats,
design primers and can perform similarity search of flanking regions using BlastN for finding common, unique and
putative polymorphic simple sequence repeats. This tool contains rich features that save time, cost and efforts for
identifying microsatellites. The output files are properly formatted and can be used as input to other pipelines. The
tool is developed and tested on AMD E-350 processor 1.60 GHz with 2.0 GB RAM and 32-bit operating system.
This tool can be used with upgraded computers and can give much better performance.
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