Establishing the Infrastructure for Microarray Data Sharing 
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Microarray Gene Expression Data (MGED) society is an international

organisation (www.mged.org) for facilitating sharing of functional

genomics and proteomics microarray data. MGED has developed

recommendations called Minimum Information About a Microarray Experiment,

known as MIAME, with the goal to outline the minimum information required

to interpret unambiguously and potentially reproduce and verify array

based gene expression monitoring experiments. A standard microarray data

exchange format MAGE-ML, which is able to capture information specified by

MIAME, has recently became an Available Specification of the OMG standards

group.  Many organizations, including EBI, Rosetta Biosoftware, Agilent,

Affymetrix, and Iobion, have contributed ideas to the developed standards.  

ArrayExpress (www.ebi.ac.uk/arrayexpress) is a public repository of

microarray based gene expression data at the EBI, which is aimed at

storing well annotated data in accordance with MIAME recommendations and

accepts submissions in MAGE-ML format, or via web-based submission tool

MAIMExpress (www.ebi.ac.uk/miamexpress). ArrayExpress accepts three types

of submissions, which can be cross-referenced: experiments (sets of

hybridisations), array designs, and laboratory protocols (including data

normalisation protocols).
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Following the MIAME rationale, sufficient and structured information should be recorded for toxicogenomics experiments, to correctly interpret and replicate the experiments or retrieve and analyse the data. Minimum information to be recorded about toxicogenomics experiments is defined in subsequent sections and should include the following data domains:
(1) Experimental design parameters, animal husbandry information or cell line and culture information, exposure parameters, dosing regimen, dose groups, and in-life observations. 
(2) Microarray data, specifying the number and details of replicate array bioassays associated with particular samples, and including PCR transcript analysis if available.
(3) Numerical biological endpoint data, including necropsy weights or cell counts and doubling times, clinical chemistry and enzyme assays, hematology, urinalysis, etc.
MIAME/Tox, like MIAMI, aims to define the core that is common to most toxicogenomic experiments. The major objective of MIAME/Tox is to guide the development of toxicogenomics databases and data management software. Efforts to build international public toxicogenomics databases are underway at the National Center for Toxicogenomics [1,2] National Institute of Environmental Health Sciences, USA and at the EMBL European Bioinformatics Institute (EBI) [3,4], UK in conjunction with the International Life Sciences Institute's Health and Environmental Sciences Institute (ILSI HESI) [5], USA. 
Statistical methods and software for the analysis of DNA microarray experiments
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DNA microarrays are part of a new class of biotechnologies that allow the monitoring of expression levels in cells for thousands of genes simultaneously. Microarray experiments are being performed increasingly in biological and medical research to address a wide range of problems. In cancer research, microarrays are used to study the molecular variations among tumors with the aim of developing better diagnosis and treatment strategies for the disease. Microarray experiments generate large and complex multivariate datasets. The application of sound statistical design and analysis principles can greatly improve the efficiency and reliability of these experiments throughout the data acquisition and analysis process. Efficient and well-designed statistical software is an essential link between the development of statistical methodology and its positive and timely impact on Biology.I will present a survey of statistical methods and software for the analysis of DNA microarray data. I will discuss more specifically computing resources developed as part of the Bioconductor project. This collaborative effort aims to produce an open source and open development computing environment for the analysis of genomic data (www.bioconductor.org)

Three dimensions of expression profiling: the micro (subcellular profiling of neuromuscular junctions), the macro (systemic physiological changes in exercising humans defined by muscle profiling), and the global (an integrated public access data warehouse).
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Expression profiling is an emerging tool to define the dynamic series of control and changes in gene expression. The very dynamic nature of gene expression presents challenges in experimental design and interpretation. Here we present three different applications of expression profiling data generation and interpretation. First, we show the use of laser capture microscopy to define the transcriptome of a subcellular specialization derived from nuclear domains of the muscle fiber, namely the neuromuscular junction (NMJ). We systematically identify the majority of genes preferentially expressed at the NMJ, and have produced antibodies to a series of novel components of the NMJ. This experiment provides the tools for a thorough dissection of this critical synapse in both health and disease (ALS). Secondly, we present a longitudinal study of exercised human volunteers, where the transcriptional changes in muscle are defined as a function of duration of exercise or rest (detraining). We follow the gene expression changes through the protein in muscle and serum, and show that muscle is a major player in driving the systemic fibrinolytic state in normal individuals. Third, we present an integrated web-accessible data warehouse of profiles and analysis tools, standardized on the Affymetrix microarray platform. Our initial implementation and analysis tools include a cross-profile query, and a graphic time series query for the user’s gene of choice in approximately one thousand profiles. This data warehouse approach allows global access to quality controlled enormous data sets, permitting relatively simple cross experiment and cross species comparisons.

Improved (use of) genome-scale data 
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High-throughput functional genomic analyses are generating valuable resources that contain many different types of data. For S.cerevisiae these include data on mRNA levels, mutant phenotypes, protein localization, protein levels and protein interactions. We are using such data to elucidate mechanisms of eukaryotic transcription regulation. On its own, each data type is useful for generating hypotheses about the genes involved. The pace of testing these hypotheses is significantly slower than the rate at which new data are being generated. Also inherent to the high-throughput nature of these assays is heterogeneity in data quality, both within and between datasets. A major challenge is to develop more efficient ways of dealing with high-throughput data, allowing false-positives to be identified and hypotheses prioritized based on confidence. We have explored how combining different sources of data can be applied to address these issues. Significant differences between and within datasets are revealed, emphasizing the requirement for additional verification. In addition, combining genome-scale data sets allowed functional annotation of uncharacterized genes. The robustness of the methods is demonstrated by follow-up experiments aimed at testing the predicted gene functions. 
We have also investigated the consequence of applying different normalization strategies towards analysis of microarray expression data. External control normalization accurately determined mRNA changes in experiments that artificially mimic global mRNA shifts. When applied to yeast stationary phase and human heat-shock, significant mRNA changes for the vast majority of genes were revealed. Even with a serum-starvation experiment exhibiting a modest global change, normalization with external controls had a significant impact on the number of transcripts determined to be differentially expressed. These results suggest that global mRNA changes occur more frequently than previously thought and demonstrate that monitoring such effects is important for accurate determination of gene expression changes.

Genomics, Microarrays and Metabolic Engineering in a Rapidly Changing World
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Metabolic engineering is a young field, just over ten years old. During this period, it has developed a well focused research portfolio with rich intellectual content of particular relevance to biological engineering and biotechnology. Yet it needs to adapt itself to rapid changes where we move from too few genes to lots and lots of genes and from a handful of measurements to avalanches of data. Although the focus (e.g. improving cells) and a critical component (e.g. assessing cell physiology) of metabolic engineering have not changed, new tools are required to take advantage of these developments. In this presentation I will use examples from our current research to illustrate how new genomic methods and microarrays are impacting the field of metabolic engineering in helping it achieve its goals.
Gene Networks: Inference, Modeling and Simulation
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One of the key issues for exploring systems biology is development of computational tools and capabilities which enable us to understand complex biological systems. We have been taking two approaches to this issue. 
The first is to infer the relations between genes from cDNA microarray data obtained by various perturbations such as gene disruptions, shocks, etc. We have developed a new method for inferring a network of causal relations between genes from cDNA microarray gene expression data by using Bayesian networks. We employed nonparametric regression for capturing nonlinear relationships between genes and derive a new criterion called BNRC (Bayesian Network and Nonlinear Regression) for choosing the network in general situations. Theoretically, our proposed theory and methodology include previous methods based on Bayes approach. We also extended our method to (1) Bayesian network and nonparametric heteroscedastic regression and (2) dynamic Bayesian network and nonparametric regression for time series gene expression data. We applied the proposed methods to the S. cerevisiae cell cycle data and cDNA microarray data of 120 disruptants (mostly transcription factors). The results showed us that we can infer relations between genes as networks very effectively. 
The second is our development of Genomic Object Net (GON) (http://www.GenomicObject.Net). This software aims at describing and simulating structurally complex dynamic causal interactions and processes such as metabolic pathways, signal transduction cascades, gene regulations. We have released Genomic Object Net (ver. 1.0) in 2002. With this system, biopathways can be intuitively modeled and simulated with the graphical model editor, and simulation can also be evaluated in a customized view with the visualizer by writing an XML file. GON also provides a tool to transform biopathway models in KEGG and BioCyc to the GON XML files for re-modeling and simulation.

Protein Profiling 
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In recent years a highly sensitive and high-throughput mass spectrometric-based approached to proteomic analysis has been developed that involves the integration of three distinct but equally important components: 1) Multi-dimensional liquid chromatography separation of complex mixtures of proteins and peptides; 2) Mass spectrometric analysis; 3) Automated sequence database searching. This integrated core technology has matured to the point of routine utility in the large scale cataloguing of expressed proteins from cells, tissues or fluids, analysis of protein:protein and/or protein:nucleic acid interactions, the characterization of post-translational modifications of proteins (i.e. phosphorylation), and more recently the ability to quantitatively profile changes in expression levels of proteins caused by genetic, pathological, or environmental perturbations to the system. This general approach to proteomic analysis is leading the way in assigning function to the gene sequences being produced by ongoing sequencing projects and providing essential information for the characterization of biological systems. This presentation will describe the current state of the technology, present representative application results and describe the future directions of development.

Current Challenges in Systems Biology
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Although the Human Genome Project is now complete and has identified 30-40,000 genes, we are just beginning to understand how these genes interact with proteins, metabolites, drugs, and other molecules to drive cellular function. Fortunately, recent technological developments are enabling us to interrogate this molecular interaction network more directly and systematically than ever before, using two complementary approaches. First, it is now possible to systematically characterize molecular interactions themselves, by screening for protein-protein and protein-DNA binding events. Second, it is possible to systematically measure the gene and protein states controlled by the interaction network, using expression arrays, mass spectrometry, and large-scale phenotyping. These data sets are dramatically improving our ability to construct systems models (i.e., wiring diagrams) of cellular circuitry. 

Given large databases of molecular interactions and states, one of the most important bioinformatic challenges is to integrate and digest these global data to formulate specific models of signaling and regulatory pathways. One strategy that has emerged recently is to search the molecular interaction network for regions that correlate with particular changes in gene expression or other molecular states. We illustrate such a strategy in the context of a large network of ~20,000 protein-protein and protein-DNA interactions in yeast. Several variations on the basic approach are discussed, including [1] screening the network to identify pathways responsible for gene expression changes observed in galactose-induced cells; and [2] identifying groups of interacting proteins that test as essential for the cellular response to DNA damage. These tools will be crucial to the success of the new "systems biology"-that is, understanding biological systems as more than the sum of their parts.

Brain microarrays
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For many disorders of the human brain such as autism and mental retardation, the primary genetic defects are not known. For other brain disorders such as Down Syndrome, the primary insult is understood but the molecular consequences that result in impaired mental function are not characterized. We will discuss the unique experimental challenges associated with studies of the molecular basis of common neurological disorders. Analyses of gene expression may reveal cellular pathways that are perturbed in a disease, or they may reveal molecular markers. We have developed two freely available web-based tools that are generally applicable to gene expression studies using microarrays. [1] SNOMAD (Standardization and normalization of microarray data) allows the user to identify significantly regulated genes by performing both global and local normalization steps. [2] DRAGON (Database Referencing of Array Genes Online) allows the user to annotate microarray data using a relational da

tabase. We will illustrate the use of these tools to study human neurological disorders. In the case of Down Syndrome, we annotated gene expression by chromosome using DRAGON and identified a global up-regulation of gene expression in genes assigned to chromosome 21 in the developing human brain.
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