WNNEAT 40 2ATUNLAL 3 : 208-213 (2555). KHON KAEN AGR. J. 40 SUPPLMENT 3: 208-213 (2012).

TSD: ﬁ11!61163»1%1sllE)x‘lﬂ1§%ﬂ!ﬂﬂﬂlﬂﬂﬁ‘lﬁ??ﬂﬂ1ﬂlﬂﬂ@ﬂﬂ
!!ﬁ“’!ﬂiﬁ)\‘ﬁl@‘i’l!ﬂ14?]9%1/‘!3!9]@5“[5@1"]7]!!35%114!’J‘]J

TSD: a database of sugarcane biological data collection
and web-based computer software tools
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ABSTRACT: Sugarcane is an economic important crop of Thailand. Physiology, genetics and molecular biology
of sugarcane are of our interest. A wealth of data has been produced by both computational-based and chemical
reagent-based experimental works such as EST-derived SSR markers, EST-derived SNP markers, protein markers
identified by 2D-gel and LC-MS. These diverse data would be integrated to describe the meaningful relationships
in biological processes of sugarcane. To achieve this goal, a bioinformatic system for sugarcane biology database
has been established namely Thai sugarcane database (TSD). A section of TSD database collecting EST-derived
SSR markers and EST-derived SNP markers is presented in this article. Another feature, web-based application is
equipped with TSD database allowing querying of TSD database and several links. This feature guarantees a high
integration with other public database such as GenBank. Bioinformatic system combining the database and web-based
applications are therefore valuable tool for the analysis of the increasing quantities of biological data resulting from
chemical reagent laboratory works of our group. It will also guide us to design future computational-based and

chemical reagent-based experimental works and gain more in-depth knowledge of sugarcane biology.
Keywords: Sugarcane, Expressed Sequence Tags (ESTs), Bioinformatics and Database

Introduction

Sugarcane (Saccharum spp.) is the one of
tropical and subtropical economic crops. It is
cultivated in more than 24 million hectares in the
world, producing up to 1.68 billion metric tons of
crushable stems. There are approximately 1.3
million hectares widely grown in the middle, north
and northeast of Thailand (Office of Agriculture
Economics, 2011). Itis generally used to produce
sugar, accounting for almost two thirds of the
world’s production (Moore, 1995).

Commercial sugarcane cultivars are one
of the most complex plant genomes. Yields of
sugarcane crop have increased through traditional
breeding strategies over the last century.
However, the Saccharum hybrid cultivars have
reduced in genetic variability, caused by recent
speciation (Grivet and Arruda, 2002; Glaz, 2003).
To overcome this problem, molecular biology
tools are applied into sugarcane breeding
programs and can contribute to the production
of improved cultivars (Butterfield et al., 2001;
Menossi et al., 2008; Ming et al., 2006)

Recently, large amounts of molecular
biological data including genomics, transcriptomics,

and proteomics of sugarcane are gradually re-

leased in public databases (Vettore et al., 2003).
To fully explore these massive data, bioinformatics
have been developed for biological knowledge
analyse and management (Goodman 2002; Wu
et al., 2004). One of our interest is sugarcane
transcriptomics, both full-length cDNA and EST.
Over 200,000 sugarcane ESTs have been stored
in Genbank database. Our group has retrieved
those sugarcane ESTs and a computational
pipeline has been constructed for sugarcane EST
analysis (Ponyared et al., 2008; Ponyared and
Tantisuwichwong, 2009; Ponyared et al., 2009).
SSR and SNP markers have computationally
been identified in the EST (Ponyared, 2009). The
markers have been used in PCR to detect genetic
variability among 15 sugarcane cultivars that
commonly grow in Thailand (Tantisuwichwong etal.,
2009). Sequences of the markers were read and
revealed genetic polymorphism (Jariyajirawattana
et al., 2010). The EST analysis pipeline and the
EST-derived DNA markers are the valuable tools
and resources concerning sugarcane molecular
biology research. As increasing bioinformatic
tools and molecular data, we set forth to establish
Thai sugarcane database (TSD) for providing
platform for sugarcane EST analysis pipeline
and recording EST, EST-derived DNA markers,
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marker sequences. The aim of this database to
(1) develop an organized and integrated resource
for sugarcane molecular data and (2) to develop
computer tools for sequence retrieval and
analysis. In this article, we describe the structure
and content of the database and reveal the

database access utility and tools.

Materials and Methods

Data sources

Molecular biological data collected in the
database were sugarcane ESTs, retrieved from
GenBank (http://www.ncbi. nlm. nih.gov/dbEST),
and data resulting from sugarcane EST analysis
pipeline (Ponyared et al., 2008; Tantisuwichwong
et al., 2009; Ponyared and Tantisuwichwong,
2009; Ponyared et al., 2009). These data were
stored in text file (.txt, .seq), image file (.png, .pdf)

and excel file format.

WAWNEAT 40 AUTURLAY 3 : 208-213 (2555).

Database architecture

The Window 7 was used as server. The TSD
database was constructed using open source
technologies, Perl script, Python, MySQL database
management and PHP-based web interfaces.
Sugarcane ESTs, EST-derived DNA markers were
imported into a MySQL database as schema
shown in Figure 1. Scripting were performed either
Perl script or Python using MySQL connectivity.
Sugarcane EST analysis pipeline (Ponyared,
2009) was used to interact with the database.
The web interface runs on Apache web server.
The bioinformatics system is designed, based
on a three-tier architecture model: application,
middle and database layer. Figure 1 depicts the
overall architectural design of the system. On the
application layer, PHP-based scripts were used
as a common gateway interface (CGl) on the
Apache web server to render the graphical

web-interface.
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Figure 1 The overview of TSD system architecture
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Figure 2 Schema of the relational model of TSD

Database system design and development

The TSD database was constructed based
on an entity-relational (ER) model (Figure 2). The
TSD has 7 entities includes both strong and weak
entities. The strong entities include EST, EST_cluster,
SSR and SNP. The weak entities that related
with strong entity include EST_Length_percentN,
low_complexity and vector_contamination
(Ponyared et al., 2009).

Web-based application

The information obtained from the execution
of the sugarcane EST analysis pipeline is stored
in the TSD. The TSD database provides a data
warehouse useful for further investigations. All
kinds of information collected in the database can
support biologically interesting analyses both to
check the quality of the experimental results and

to define structural and functional features of the

data. For this purpose the database can be queried
through SQL calls implemented in a suitable
PHP-based interface. We provide a pre-defined
web based query system to support non expert
users (researchers) as shown in figure 3. Different
views are possible. Database browser with
web-based application allows users to formulate
flexible queries considering three different
aspects. Firstly, users can submit data in FASTA
format or excel format into TSD. The submitted
data are collected in specific folder and the
format of submitted data will be rechecked by
administrator. Secondly, users can retrieve the
information of sugarcane stored in TSD. Thirdly,
search filter designed by web-based application
facilitates ease of information retrieval system by
entering EST sequence number, vector name,
type of SSR and SNP etc.
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Figure 3 A screenshot of the EST Browser. ESTs were retrieved by sequence features collected in the input

step. Some relevant data were visualized by web-based application tools.

Conclusions and Discussion

We designed the presented database system
and user interface to perform an exhaustive analysis
on EST datasets. Moreover, we implemented
database to reduce execution time of the different
steps required for a complete analysis by means
of distributed processing. The database structure

was design to collect and manage data from EST

analysis pipeline and integrate the relationships
between EST raw data and the result of EST analysis
pipeline. The TSD database system provided
valuable tools for the utilization of the increasing
quantities of data resulting from experiment works
of our research group and provides the basis for
the application of this bioinformatics system to

perform our future works.
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