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Introduction: Post-genomic\

• “Post-genomic” focuses on the new tools and new 
methodologies emerging from the knowledge of genome 
sequences. 

• Production and use of DNA micro arrays, analysis of 
transciptome, proteome, metabolome are the different 
topics developed in this class.
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Genome-wide analysis
• Current interest in the genome-wide analysis of cells at the 

level of transcription ('transcriptome') and translation 
('proteome'), the third level of analysis is the 'metabolome'. 

• The term 'metabolome' refers to the entire complement of 
all the small molecular weight metabolites inside a cell 
suspension of interest.

• A new level of experiments are required to obtain an overall 
picture of when, where, and how gene are expressed. 

• The functional genomics includes:
• The analysis of gene expression profiles at the mRNA 

and protein levels
• The analysis of polymorphism or mutation patterns in 

the genome
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Gene to Protein
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Networks of resources

• The potential of new biological and biomedical 
technological platforms in connection with HPC and 
GRID technology will be particularly useful to deal with the 
increasing amount, complexity, and heterogeneity of 
biological and biomedical data. 

• Bioinformatics applications for eHealth have become an 
ideal research area where computer scientists can apply 
and further develop new intelligent computation methods, 
in both experimental and theoretical cases.
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ICT and Genomics

• A key development in the computational world has been 
the arrival of de novo design algorithms that use all 
available spatial information to be found within the target to 
design novel drugs. 

• Coupling these algorithms to the rapidly growing body of 
information from structural genomics together with the new 
ICT technology (eg. HPC, GRID, Web Services, 
Bioinspired networks ecc.) 

• provides a powerful new possibility for exploring design to a 
broad spectrum of genomics targets, including more 
challenging techniques such as: 

• Protein–Protein interactions, Docking, Molecular 
Dynamics, System Biology, Gene Network ecc.
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Related EU projects

EUGRIDGRID

ISSeG

BEinGRID

Diligent
A DIgital Library Infrastructure
on Grid ENabled Technology

EUIndia
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BioinfoGRID Project

. 

• The BIOINFOGRID project proposes to combine the 
Bioinformatics services and applications for molecular 
biology users with the Grid Infrastructure by EGEE and 
EGEEII projects.

• In the BIOINFOGRID initiative we plan to evaluate 
genomics, transcriptomics, proteomics and molecular 
dynamics applications studies based on GRID 
technology.

• The project start date:   1st   January     2006
• The project finish date:  31    December 2007
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Genomics applications in GRID

Aim : use of computational GRID to analyse molecular 
biological data at the genomic scale

Description  
• GRID Bioinformatics User Tools: unification of larger 

groups of bioinformatics tools into single analytical steps 
and their optimization for GRID

• GRID analysis of cDNA data: computer- aided functional 
annotation of cDNAs in order to optimize sensitivity and 
specificity
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Genomics applications in GRID

• GRID analysis of genomic databases: integration of 
precomputed data, gene identification, differentiation of 
pseudogenes, comparative  genome analysis, etc.

• Multiple alignments: testing of new algorithms for 
computationally very demanding alignment procedures, 
optimization for GRID.
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Proteomics Applications in GRID

Aim : use of computational GRIDs to analysis 
molecular biological data in proteomics

Description
• Perform functional protein analysis in GRID by using 

the  functional protein domain annotations on large protein 
families using GRID and related databases.
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Proteomics Applications in GRID

• Protein surface calculation in GRID. :  the grid will be 
used to elaborate the volumetric description of the protein 
obtaining a precise representation of the corresponding 
surface. 
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Transcriptomics applications

Aim : use of computational GRIDs to analyse 
trascriptomics data and to perform application of 
Phylogenetic methods based on estimates trees.

Description
• To perform algorithmic tools for gene expression data 

analysis in GRID: evaluate the computational tools for 
extracting biologically significant information from gene 
expression data. 

• Algorithms will focus on clustering steady state and time 
series gene expression data, multiple testing and meta 
analysis of different microarray experiments from different 
groups, and identification of transcription sites.
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Phylogenetic application  in GRID  

• Phylogenetics : Reconstructing the evolutionary history of 
a group of taxa is major research thrust in computational 
biology and a standard part of exploratory sequence 
analysis. An evolutionary history not only gives 
relationships among taxa, but also an important tool for 
inferring structural, physiological, and biochemical 
properties of sequences from other similar sequences, and 
reconstruction of tissue evolution. 
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Database Applications in GRID

Aim : To mange the biological database, by using the 
GRID infrastructure. 

Description
• Biological database on GRID: these databases will be 

complemented by others that are publicly available in 
Internet, by using GRID and web services where 
appropriate. 

• Functional Analogous Finder: By using the GO terms 
and the associations to gene products it is possible to 
compare the total associated GO terms and their 
ascending parents to validate the functional analogy 
between two gene products
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Networking  resources

Data analysis specific for bioinformatics allow the user to 
store and search genetics data, with direct access to the 
data files and application on GRID servers.

Researchers 
perform their 
activities 
regardless 
geographical 
location, interact 
with colleagues, 
share and access 
data

Scientific instruments and 
experiments provide huge 
amount of data from 
microarray
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Disease resistant population Disease susceptible population

Genotype all individuals for thousands of SNPs

ATGAATTATAG ATGTTTTATAG

Resistant people all have an ‘A’ at position 4 in geneX, 
while susceptible people have a ‘T’

geneX

Disease Network
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Regulatory Network   Reconstruction
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In Silico Docking On Avian Flu

A collaborative EGEE project led by Academia Sinica in 
Taiwan, CNRS-IN2P3 in France and the European SSA 
BioinfoGRID project, was set up to identify new drugs for 
the potential variants of the Influenza A virus analysing 
300,000 possible drug components against the avian flu 
virus H5N1 using the EGEE Grid infrastructure.

In silico virtual screening requires intensive computing, 
of the order of a few TFlops during one day to compute 
1 million docking probabilities or for the molecular 
modelling of 1000 ligands on one target protein. 
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Neuraminidase Target

The neuraminidase viruses is considered a valid target for antiviral drugs
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Docking: predict how
small molecules bind

to a receptor of
known 3D structure

Starting compound 
database

Starting target 
structure model

DOCKING

Predicted 
binding models

Post-analysis

Compounds 
for assay

Virtual Screening

There are successful examples
– rapid,
–cost effective…

But there are limitations
–CPU and storage needed
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The WISDOM Production System
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Networks of people

: European grid infrastructure : European grid project

EELA

EUMedGrid EUChinaGrid

: Regional/national grid infrastructure

Auvergrid EGEE

TWGrid

EMBRACE BioinfoGrid
SHARE
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A grid for Malaria and Avian Influenza

Univ. Los Andes:
Biological targets, 

Malaria biology

LPC Clermont-Ferrand:
Biomedical grid

SCAI Fraunhofer:
Knowledge extraction,

Chemoinformatics 

Univ. Modena:
Biological targets, 

Molecular Dynamics

ITB CNR:
Bioinformatics,

Molecular modelling

Univ. Pretoria:
Bioinformatics, 
Malaria biology

Academica Sinica:
Grid user interface
Biological targets
In vitro testing 

HealthGrid:
Biomedical grid, 
Dissemination

CEA, Acamba project:
Biological targets, 
Chemogenomics

Chonnam nat. univ.:
In vitro testing 

New
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The human organism:

• ~ 3 billion nucleotides
• ~ 30,000 genes coding for
• ~ 100,000-300,000 transcripts
• ~ 1-2 million proteins
• ~ 60 trillion cells of
• ~ 300 cell types in
• ~14,000 distinguishable 

morphological structures
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The Cell Cycle

• Cell Cycle: 
– repeated sequence of events which leads the division of a 

mother cell into daughter cells
– Biological process frequently studied in correlation to 

tumour disease
– It is considered a valuable target for drug discovery in the 

context of cancer and neurodegenerative disease
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Systems Biology Approach

• Systems biology studies how biological functions emerge
from the protein-protein interactions in the living systems; 

• The complexity of this biological process relies in the high 
number of genes and networks of protein interactions involved 
in;

• The quantification of the behavior of each cell cycle 

components has a crucial role in the understanding the complex 

mechanism of cell cycle regulation.
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System Biology: Cell Cycle
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Simulation Section

2D plot: image exported in png using GnuPlot

The simulation of a single ODE 
system describing a cell cycle 
model
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Genetic Diseases  

High throughput techniques (i.e. DNA microarray) 

to screen the whole genome

Low reliability 

Validation through TMA

Tissue Microarray in GRID
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Tissue Microarray technology

Genes and proteins detection

Generation of a huge 
amount of images!
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GRID Node

AMGA 
SERVER

Tissue Microarray on GRID

SE

UI

CE SE CE

CE

SE

elaboration

elaboration

elaboration

GRID Node
GRID NodeEdge detection on every 

TMA on GRID having 
“age”>80 AND 

“gender”=F AND 
“desease”=colon cancer
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System Biology for Health

http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-newblast?SEQUENCE=LSGEDR&PROGRAM=blastp&DATALIB=nr
http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-newblast?SEQUENCE=SEIKR&PROGRAM=blastp&DATALIB=nr
http://www.ncbi.nlm.nih.gov/cgi-bin/BLAST/nph-newblast?SEQUENCE=YYNSDDK&PROGRAM=blastp&DATALIB=nr
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Conclusion

• Bioinformatics Challenges in Life Science offer 
unprecedented opportunities for sharing information and 
resources world wide

-Collecting and sharing information (Epidemiology, Genomics)
-Networking experts
-Mobilizing resources routinely or in emergency (eg. vaccine, drug discovery)
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• BioinfoGRID project 
http://www.bioinfogrid.eu

• EGEE: Enabling Grid for E-
science project 
http://www.eu.egee.org

• FIRB-MIUR LITBIO: 
Laboratory for Interdisciplinary 
Technologies in Bioinformatics 
http://www.litbio.org, 

Acknowledgments

http://www.bioinfogrid.eu/
http://www.eu.egee.org/
http://www.litbio.org/
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Acknowledgments

• Wisdom
• http://wisdom-demo.healthgrid.org

http://wisdom-demo.healthgrid.org/
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BIOMED GRID 2008
2st International Biomed GRID Summer School 2008
May Varenna – Italy

Welcome


	GRID approach for Bioinformatics and System Biology
	Introduction: Post-genomic\
	Genome-wide analysis
	Gene to Protein
	Networks of resources
	ICT and Genomics
	Related EU projects
	BioinfoGRID Project
	Genomics applications in GRID
	Genomics applications in GRID
	Proteomics Applications in GRID
	Proteomics Applications in GRID
	Transcriptomics applications
	Phylogenetic application  in GRID  
	Database Applications in GRID
	Networking  resources
	In Silico Docking On Avian Flu
	Neuraminidase Target
	Virtual Screening
	The WISDOM Production System 
	Networks of people
	A grid for Malaria and Avian Influenza
	The human organism:
	The Cell Cycle
	Systems Biology Approach 
	System Biology: Cell Cycle
	Simulation Section
	System Biology for Health 
	Conclusion
	Acknowledgments
	Acknowledgments
	Acknowledgments

