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A grid platform built with scalability and
interoperability in mind

It will allow large scale (“thousands”) bioinformatics
data analysis and will have a simple web-based
Interface

« Implemented for microarray (first case study) but
designed to be flexible enough to handle different
data types
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 It's NOT a Grid-based database

« It's NOT (yet!) a tool to access everything
everywhere

» [t's NOT a closed solution (in terms of licenses and
applications)

 |t's NOT designed to be a vertical application
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« Microarray have intrinsics costs (chip, raw materials,
manpower), about 500€ each chip
— laboratories usually work on small experiment (10 — 30 uA)

— the better statistical analysis you want, the larger the
dataset must be (N° samples << N° variables)

— client side software tools interfere with data share

« Bio”everything” data is growing in size and speed of
acquisition
— Data mining is difficult
— Data storage is challenging (hirarchical vs. on-line tradeoff)
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* |dentify free open source tools for microarray analysis
- dChip

+ |dentify a network infrastructure to provide secure
and reliable storage - gLite Grid

* Design a modular system, open to third party
modules (algorithms, workflows) > W3C standards

« Implement a user frienldy web interface prototype
— Available: Genius
— Custom: PHP + Apache, J2EE, portlet
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dChip is a Windows GUI application for microarray
data analysis

One of available options, choosed as a case study

Q: Is it possible to run dChip command line on a
Linux environment and, maybe, over The Grid?

A: Yes. Steps:

— Linux port

— Investigate parameters and configuration

— Standardize 1/O files (also intermediate ones)
— Separate the program into standalone modules
— Make them parallel
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« Secure and distributed data storage
» Access to several thousands CPU

« LCG (LHC Computing Grid) is the middleware born to
support forthcoming (2007) High Energy Physics
experiments

« gLlite is its evolution (deployment in production on
April 2006)
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« Metadata are relationally structured information
associated to experiment data

« MIAME (Minimum Information About Microarray
Experiment) is a MGED de-facto standard

« We defined a custom ontology for stem cells
experiments to maintain homogeneity in collected
data among different laboratories

« AMGA (ARDA Metadata Grid Application) is the
Metadata catalogue of gLite 1.5, with replication and
federation support
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* Provide a open source grid-portal based on Nice Srl
product Enginframe

» Features:
— Grid Security Infrastructure compliant

— Modular and flexible: it can handle almost every
programming and scripting language for underlying logic

* It could publish its interface components also as web
services (WSDL)

lvan Porro 10



A’

rzsro | OO ¢
VR~ piolab

A
Portal ////

Service-based
interaction
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o Py MPI-dChip available

 dChip has been succesfully ported to Grid and
parallelized with MPI (mpich?2)

« Two version available (Linux):
 standard file 1/0 for MPI clusters (RHEL3/4)
« grid GFAL 1/O for MPI grid job (gLite 3.0)
* mix available
« Source code is GNU/GPL
« Availability: on request [LITBIO portal? Sourceforge?]
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Original
dChip
pipeline

Ivan Porro

MPI-dChip structure

Platform description
file & input data

\4

Open & normalize

\ 4

{

Extract gene
expression

\ 4

Find differrentially

expressed genes

\ 4

Clustering

\ 4

\ < CSV output <

Execution on the Grid or
on a cluster

All intermediate files are
Comma Separated Value

All jobs can be executed
sequentially with a shell
script or as standalone
jobs

parallel
not parallel
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arallelization schema

e.g.: we have 10 job and 200 files, each
with 20.000 genes

calculate ;
EXpression
levels

Each normalize job takes 200/10 files
and the base file and produce 200
normalized input files

Each model (PM or PM/MM) job takes
20.000/10 genes and produce 10
expression level files

find differential MODUL
expressed genes

Differential expressed genes calculation
and clustering are not parallel. Results
are saved to 2 CSV files

clustering
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dChip MPI tests

Results

2500,00

2000,00

1500,00

Time [sec]

1000,00

500,00

B C3 Clustering

U C2 Compare Samples

® C1 Open Expression CSV Files
B B3 Write Expression CSV Files
B B2 Calculate Expression values
U'B1 Open CSV Files

LI A3 Write CSV Files

B A2 Normalize

B A1 Open CEL Files

0,00
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CPU #

11

6 x dual CPU servers
/O is not distributed
Master node is not

considered (no
computation)
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We succesfully installed and customized Genius Grid
portal

We developed microarray data management service
prototype:

- Annotatated experiment upload

EEr T =G oow s [Brmm de v (ams v BT e [l - TEED
fle ECdit Vew Go Bookmarks Tools Help

) = Grid Environment for Microarray Managerent and Analysis
= =
0 @ tiimeiny Sovies
0 AR
- I TR N, w
A —— a0 0o
Experiment Dosorlation (< 203 of
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Genius 3.1 / Enginframe under extensive testing
— Standard development is easy

— Low level customization and software maintenance could be
difficult

Workflow enaction with Moteur engine partially successful
— Moteur limitations for data and services
— Genius integration has been undertaken

Webservice available only for Genius interface services

Integrate other tools
— ArrayExpress Import/Export
— R/Bioconductor based tools
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