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ABSTRACT

SpicEST is an attempt to develop a comprehensive database on ESTs of two spice plants, ginger and turmeric. For this, EST records were
downloaded from NCBI open source database. All EST records for Curcuma longa and Zingiber officinale were mined and stored in
MYSQL database. These ESTs were assembled using CAP3 sequence assembly program. The resultant contigs were stored in the
database tissue- and crop-wise. By navigating the menus one can retrieve the results of SSRs identified from these ESTs by using five
different SSR identification tools — MISA, ETRA, SSR PRIMER, SSRIT and WEB TROLL. Using these, SSR primers were designed
with the help of PRIMER3 software and stored in the database after checking their quality using FAST PCR. Primers are being validated
in wet lab studies. All the ESTs were annotated using the ESTPASS server. These results were used to find the putative genes and the
respective metabolic pathways. The database also contains information on single nucleotide polymorphism in both these spices. Two
different programs like CAP3 and AUTOSNP were used for this analysis and results can be retrieved by clicking on the respective tab.
'SpicEST' database is an initiative to promote spice genomics studies and is envisaged as an online tool for spice researchers. It is
available as an online database at www.spices.res.in/spiceest.
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INTRODUCTION

Spices include dried seeds, fruits, roots, bark or vegetative
substances used in nutritionally insignificant quantities as a
food additive for the purpose of flavoring, and sometimes
as a preservative by killing or preventing the growth of
harmful bacteria. Many of these substances are also used
for other purposes, such as medicine, religious rituals, cos-
metics, perfumery or eating as vegetables. Spices constitute
an important group of agricultural commodities which are
virtually indispensable in the culinary art. In India, spices
are important commercial crops from the point of view of
both domestic consumption and export.

Due to their numerous medicinal properties there is a
need to study the gene expression in spice plants. For geno-
mic studies in spices mainly expressed sequence tags
(ESTs) are used. ESTs are partial sequences of a clone, ran-
domly selected from a ¢cDNA library and used to identify
genes expressed in a particular tissue. An EST is a tiny por-
tion of an entire gene that can be used to help to identify
unknown genes and to map their positions within a genome
(Carson and Botha 2000) and is a short sub-sequence of a
transcribed spliced nucleotide sequence. ESTs represent a
snap-shot of what is expressed in a given tissue, and/or at a
given developmental stage. They represent tags of expres-
sion for a given cDNA library (Brenner et al. 2003). One of
the many interesting applications of EST database (dbEST)
is gene discovery where many new genes can be found by
querying the dbEST with a protein or DNA sequences. In
addition, EST collections are good sources of simple se-
quence repeats (SSRs) and single-nucleotide polymorphisms
(SNPs) that can be used for creating saturated genetic maps
(Fei et al. 2006; Newcomb et al. 2006) Thus, EST collec-
tions have been generated for many plant species, being the
most comprehensive those of Arabidopsis and rice (Heiko
et al. 2003). Spices have been less extensively surveyed,
but important large numbers of EST collections are publicly

available for turmeric and ginger only. The dbEST database
of the National Centre for Biotechnology Information
(NCBI) contains (August 14, 2009) 62,838,171 ESTs.
dbEST is a new resource that contains data from labora-
tories generating incomplete “single-pass” cDNA sequences.

MATERIALS AND METHODS

Data: Curcuma longa have 12593 sequences and Zingiber offici-
nale 38139 EST sequences in dbEST. In this study the turmeric
and ginger EST sequences were used for creating a database and to
discover SSRs, SNPs, primers and putative genes.

Database implementation: The data was stored in a MySQL
database running on an Apache server in a Linux Operating system.
The database architecture is shown in Fig. 1.

Database interface: The database interface is implemented using
PHP, HTML and Java. The sample interface is given in Figs. 2 and
3.

RESULTS AND DISCUSSION

SpicEST consists of three databases of SSRs, SNPs and an
annotated EST database. In the present study EST resources
for database development were downloaded from the NCBI
dbEST, and assembled using the sequence assembly
program, CAP3 (http://mobyle.pasteur.fr/cgi-bin/
MobylePortal/portal.py?form=cap3) (freeware). The assem-
bly of 12593 turmeric ESTs resulted in 3251 contigs and
1630 singletons. In the case of 38,139 ginger ESTs, they
were assembled into 7100 contigs and 4890 singletons. The
main navigation menus of the database are EST/contigs,
spices SSRs, SNPs results, primer results, ESTs annotation
and gene search. EST/contigs would show the tables of con-
tigs and singletons of whole ESTs of ginger and turmeric.
On clicking the tab SSRs, an interface is provided in the
form of a combo box. By selecting the combo box of a crop
and any one of the five different SSR finding tools (MISA,
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Fig. 1 Architecture of SPICESTdb. Scheme of SPICESTdb describing the outline of the database.

SSRIT, SSRPRIMER, WEBTROLL, ETRA) (Varshney et
al. 2002; Blenda et al. 2006; Riju et al. 2009) the details of
SSRs found for the respective crop can be obtained. In
SNPs the results are provided as a whole and as tissue-
based EST libraries. By clicking the arrow mark, we can
retrieve the results of SNP. Primers were designed for the
EST resources by using the online tool PRIMER3 (http://
frodo.wi.mit.edu/) (freeware) (Prasad et al. 2005). This soft-
ware tool will provide a set of forward and reverse primers
with additional four oligos in decreasing order of quality.
The quality of the primers is determined by checking the
GC content (50-60%), melting temperature (55-80°C), with-

out self complimentarity and mispriming (Thiel et al. 2003).

These primers designed were checked for above mentioned
quality using FAST PCR program (http://www.biocenter.
helsinki.fi/bi/Programs/fastpcr.htm) (freeware). The quality
primers were stored in the database and the results can be
retrieved by clicking the results button. ESTpass (http://
estpass.kobic.re.kr/) (freeware) server is used as an online
analysis for annotation. The menu EST annotation provides
a double combo box for crop and tissues, and the user can
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retrieve the summary results of annotation by selecting the
respective spice and corresponding tissues of leaves or rhi-
zomes. By clicking the results button, a table view of puta-
tive genes of the respective contigs, singletons and singlets
are provided. In the table BLAST, GO and PATHWAY links
are provided which will show the respective annotation of
the ESTs (Sterky er al. 2004; Missirlis et al. 2005). The
gene search page will provide information on the type of
putative gene. Users can select the tissues and type the
known putative gene of interest for searching in the existing
database which will provide the details of the gene if there
is a suitable match (Aishwarya et al. 2007; Archak et al.
2007; Gonzalez-Ibeas et al. 2007). Additional links to SSR
tools and other EST databases are also provided.

CONCLUSIONS

The information content of the database is useful in dif-
ferent areas of research like gene tagging, genome mapping,
population genetics, germplasm characterization and in
understanding microsatellite dynamics in spice genomes
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and this will also serve as a reference database on spice
ESTs. The database is a good utility for crop improvement
programmes in spices. It is freely available in public
domain and further information can be obtained from the
authors. We plan to include datasets of other spice crops
like pepper, nutmeg, clove, chillies, cinnamon and carda-
mom. An advanced graphical tool will be added to facilitate
display and visualization of the underlying data. SpicESTdb
is a platform independent relational database publicly avai-
lable at www.spices.res.in/spiceest/.
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