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Abstract Public databases contain large datasets of plant
expressed sequence tags (ESTs) that can be used for mining
microsatellite/simple sequence repeat markers. The identifica-
tion and annotation of these markers take considerable time.
Here, we describe an efficient, high-throughput microsatellite
mining, and analysis pipeline, standalone EST microsatellite
mining and analysis tool (SEMAT). The pipeline bundles
sequence trimming, assembly, microsatellite identification,
primer selection, and blast annotation, for which it consecu-
tively uses SeqClean, CAP3, MISA, Primer3, and Blast.
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SEMAT is written using Perl scripts, and it runs under
Ubuntu and Fedora Linux. SEMAT is an efficient and time-
saving bioinformatics tool to accomplish the high throughput
EST-SSR analysis. It is freely available from http://semat.
cpcribioinformatics.in/.
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Introduction

Expressed sequence tags (ESTs) are single-pass, redundant,
partial nucleotide sequences that represent the transcribed
portion of the genome. Advanced high-throughput sequenc-
ing technologies have generated vast number of ESTs and
most of the sequences are available in public EST database
(73,360,923, dbEST release 120701). Using EST sequences,
one can perform gene discovery, transcriptome annotation,
gene structure identification and proteomic exploration
(Jongeneel 2000; Dong et al. 2005; Rudd 2003).
Microsatellite or simple sequences repeats (SSRs) are short
(1-6 bp) tandemly repeated DNA motifs and occurs abun-
dantly in eukaryotic genomes. They have been successfully
used as molecular markers by targeting the repeat region with
unique flanking primer pairs. Presently, EST sequences are
one of the main sources of data for mining SSRs. As most of
the public EST datasets consists of raw sequences, different
computer-based methods are required for processing, assem-
bly, SSR mining, and corresponding annotation. We have
developed an analysis pipeline “standalone EST microsatellite
mining and analysis tool” (SEMAT) for high throughput
discovery (mining and annotation) of SSR loci in EST se-
quence and automated design of primers for their PCR
amplifications.
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Implementation and methods

SEMAT combines a set of third party, freely available bioin-
formatics softwares and locally developed Perl (http://www.
perl.org) scripts for automated processing of ESTs and
analysis of the results. SEMAT follows the general analysis
steps like preprocessing of the sequence data, clustering, and
assembly, SSR detection and primer designing. The work
flow of SEMAT is given in Fig. 1. Without any manual
interaction, data is transferred automatically among
consecutive subroutines. Parameters for the softwares are
stored in flat files (flat files are stored in folder-named file)
and users can change the parameter according to their need.
SEMAT takes multiFASTA file as an input and automatically
performs EST processing, assembly, SSR prediction, annota-
tion, and designing primers encompassing the SSR regions.

Preprocessing and assembly

The removal of vectors and low-quality regions from the EST
data set (pre-processing) are carried out using SeqClean pro-
gram (http://compbio.dfci.harvard.edu/tgi/software/)
(Parameter for SeqClean : -c 1, -n 2000, -1 100, -x 96, and —
y 11) embedded with NCBI’s UniVec database (http:/www.
ncbi.nlm.nih.gov/VecScreen/UniVec.html). The cleaned EST
sequences are subjected to de novo assembly using CAP3
program (Huang and Madan 1999) with default parameters
(parameter: -a 20, -b 20, -c 12, -d 200, -e 30, -£ 20, -g 6, -h 20, -
140,-j80,-k 1,-m 2, -n-5, -040, -p 90, -v 1, -s 900, -t 300, -u
3,-v2,-y 100, and —z 3). CAP3 does the assembly based on
mutual percent identity over a minimum number of overlap-
ping bases. Separate Perl scripts were incorporated to combine
the resultant contigs and singleton files to a single file for
further analysis.

| RAW MULTI FASTA SEQUENCES

SEQUENCE PRE-PROCESSING
(SeqClean)

SEQUENCE ASSEMBLY
(CAP3)

!

SSR MINING
(MISA)

PRIMER DESIGNING

SSR CONTAINING SEQUENCES |-—) (Pri 3)
rimer’

SIMILARITY SEARCH
—| BLAST OUTPUT

(Local Blast)

L

Fig. 1 Workflow of the tool SEMAT. The tasks performed and the tools
used are given inside the rectangles

SEMAT OUTPUT
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Microsatellite mining, primer designing, and annotation

Assembled ESTs were then transferred to microsatellite min-
ing by MISA program (MlcroSAtellite analysis tool) (http://
pgre.ipk-gatersleben.de/misa/). Here, monomers with at least
ten repetitions, dimers with minimum of six repetitions and
trimers, tetramers, pentamers, and hexamers with minimum of
five repetitions were considered as a valid SSRs. MISA can
identify the simple and compound microsatellites. In the
present pipeline, the code of MISA program was modified
to retrieve all the SSR containing sequences. In order to design
primers flanking the SSR region, the modified MISA program
generates an informative file to be used as an input for Primer3
(Rozen and Skaletsky 2000). Primer3 program incorporated in
the pipeline generates oligonucleotides flanking the SSR
region based on predefined parameter values. For
annotation, SSR containing sequences were subjected to
similarity search against the preformatted plant specific
protein database using standalone BlastX program (Altschul
et al. 1997). The plant protein databases contain the sequence
of Arabidopsis thaliana, Oryza sativa, Vitis vinifera, Populus
trichocarpa, Glycine max, and Zea mays. Results obtained
from the similarity search (e-value <le ') are organized into
tabular format. SEMAT generates the summary file containing
the information about the EST analysis.

Results and discussion

We have benchmarked SEMAT with a test set of cocoa EST
sequences. A total of 2,685 EST sequences (Argout et al.
2008) were organized as multiFASTA file and given as input
for SEMAT. EST processing resulted in 2,682 good quality
EST sequences (3 sequences were completely trashed and
1,831 were trimmed). These sequences were then subjected
into sequence assembly using CAP3 program. One thousand
four hundred seventy-one nonredundant EST (246 contigs
and 1,225 singletons) sequences were obtained. The contig
summary file (.ace) was analyzed and showed that assembled
sequences were in the range of 2—434 sequences. The com-
plete set of 1,471 nonredundant sequences was further sub-
jected to microsatellite discovery. MISA detected 313 SSRs
within 210 sequences and the sequence length ranged between
135 to 1,222 nucleotides and GC of 42 %. Fifty-three se-
quences had more than one SSR. A total of 72 compound
SSRs were detected. The similarity search carried out for the
210 SSR containing sequences using standalone Blast which
showed 92 orthologous genes. The result of the similarity
search is organized in tabular format. A total of 129 primer
sets were designed for the possible SSR regions. All the
benchmarked results are available in the URL: http://semat.
cpceribioinformatics.in/.
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A few other automated applications are available for EST
functional analysis like EST-PAGE (Matukumalli et al. 2004),
ParPEST (D’Agostino et al. 2005), and EST2uni (Javier et al.
2008). But the SEMAT is specially designed for EST-SSR
analysis. We compared SEMAT with similar pipeline,
SSRPrimer (Robinson et al. 2004). The SSRPrimer tool per-
forms SSR search and primer design, but the process was not
automated. In this way, SEMAT is a unique tool for automated
EST processing and annotation.

Advantage and availability

SEMAT pipeline was developed using Perl language and
tested in Linux operating systems (Ubuntu and fedora). It is
freely available at http://semat.cpcribioinformatics.in/.
SEMAT completed the analysis of cocoa ESTs (2,685
sequences) within 15 min. Further, we tested SEMAT
pipeline with all the available cocoa ESTs (159,996
sequences) in both workstation with Linux operating system
(Sun Ultra 24, 4GB RAM, Intel (R) Core (TM) 2 Quad, 2.
33 GHz) and server system (SunFire x220 computers, 8§ GB
RAM, Quad-Core AMD Opteron (TM)). The time taken to
complete the analysis by workstation was 14 h and by server
machine was 11 h. The time taken for the analysis depends on
the input sequence size and computer capacity (RAM and
processor).

Conclusion

SEMAT is an efficient and time-effective bioinformatics tool
to accomplish the high-throughput application of EST-SSR
analysis. Its source code is open to all; anyone can edit the
code and incorporate specific tools according to their need.
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