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Abstract

During the past decade, the scientific community has
witnessed the rapid accumulation of gene sequence data
and data related to physiology and biochemistry of
organisms. Bioinformatics tools used for efficient and
computationally intensive analysis of genetic sequences
require  large-scale  computational  resources  to
accommodate the growing data. Grid computational
resources such as the Open Science Grid and TeraGrid
have proved useful for scientific discovery. GADU is a
high-throughput computational system developed to
automate the steps involved in accessing the Grid
resources for running bioinformatics applications. This
paper describes the requirements for building an
automated scalable system such as GADU that can run a
job simultaneously on different Grids. The paper
describes the resource-independent configuration of
GADU using the Pegasus-based Virtual Data System that
helps in using heterogeneous Grid resources. The paper
also highlights the features implemented to make GADU
a gateway to computationally intensive bioinformatics
applications on the Grid.

1. Introduction

Bioinformatics is a “science of big numbers”. It
utilizes high-throughput computational analysis of
genomic sequences for discovering evolutionary patterns
underlying complex biological processes that produced
the diversity of life on this planet. Essential for this
approach is comparative and evolutionary analysis of a
wide spectrum of phylogenetically diverse organisms, in
order to that provide understanding of the adaptive
mechanisms that led to diversification of biological
systems on all levels of their organization: genomic,
metabolic, and phenotypic.

When properly understood, these variations can
present the answers to the following questions: How do
differences observed on the genomic level affect the
function of biological systems? What allows thermophilic
organisms to sustain life at the temperatures above 100
degrees C? What differences on the genomic level lead to
emergence of genetic diseases? Answering such questions
is fundamentally important for further progress in
biotechnology, medicine and bioremediation.

There has been an unprecedented accumulation of
gene sequence data and data related to the physiology and
biochemistry of organisms during the past decade. To
date, 343 genomes have been sequenced, and genomes of
more than 1500 organisms are at various levels of
completion [1]. This wealth of genomic information will
dramatically accelerate progress toward a comprehensive
understanding of the genetic mechanisms involved in
diverse biochemical processes pertinent  to
bioremediation, medicine, biotechnology and agriculture.

Efficiency and accuracy of genetic sequence analysis
are achieved by the use of diverse CPU-intensive
bioinformatics tools and algorithms (e.g., analysis of
global similarities [3] [4] [5], domain and motif analysis
[6] [7] [8], analysis of the relevant structural [9] [10], and
functional data). Running these tools on the rapidly
growing data is a time-consuming process and needs
high-throughput computations to get results in a timely
fashion. The aggregated and distributed computational
and storage infrastructure of the Grids such as the Open
Science Grid (OSG) [2] and TeraGrid [11] offers an ideal
platform for mining biological information at this large
scale.

We have developed a system called GADU [12],
which has access to the OSG, TeraGrid and DOE Science
Grid [13] resources. The opportunistic availability and the
different architectures and environments of these
resources make it extremely difficult to use them
simultaneously through a single common system. GADU
addresses these issues by providing a resource-
independent system that can execute the bioinformatics
applications as workflows simultancously on these
heterogeneous Grid resources. GADU is easily scalable to
add new Grid resources or individual clusters into its pool
of resources, thus providing more high-throughput
computational power to its scientific applications.

2. GADU, the Genome Analysis Server

The Genome Analysis and Database Update system,
GADU, is an automated, scalable, high-throughput
computational ~ workflow  engine that executes
computationally intensive workflows for the analysis of
sequence data on the Grid and performs updates to the
integrated database. The integrated database [12]
warehouses sequence data and annotations from the
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