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Introduction:

Research in the biological sciences is becoming increasingly dependent upon computational work to simulate biological systems and to analyze the increasing amounts of data generated by high throughput laboratory technologies.  At any given point in time a set of existing, proven algorithms are available and are used profitably by the laboratory biologist.  However, in an active research environment new computational methods are constantly being developed and tested, and existing algorithms and methodologies are refined and modified. 
An additional challenge is the increasing complexity and multi-step nature of many analysis methodologies in computational biology.  A typical data analysis can involve computation and data access across a multitude of tools, platforms, and data repositories. 
We are struck by the increasing number of integrative genomics projects we are involved in that draw on many types of data – sequence, expression, proteomic, pathway, annotation – and thus require access to a broad range of bioinformatics and computational biology tools.  For example, Mootha et al. [11] uses integrative techniques to localize a disease gene for a debilitating childhood syndrome. In this work, proteomic, sequence, and expression data are used to reduce the required amount of resequencing from 30 genes in a 2 Mbase genomic region to a single gene.  The work required accessing repositories of these three types of data, clustering the gene expression data, in silico digestion of sequence data, and identifying the resulting peptides in the proteomic data.  All of the computational work was done either with one-off scripts or stand-alone tools. Exactly reproducing this research today at a different laboratory would be a difficult, if not impossible, and labor intensive process. This, and other projects like it, led to our recognition of the need to expand on the work we began on our microarray package, GenePattern, to a more comprehensive, broader computational biology platform that can provide reproducible and robust computational pipelines that embed these methods.  

Analysis Pipelines and Reproduction of In Silico Experiments

The benefits of GenePattern derive both from the ability to call a large number of modules from a high-level unified user environment, but also from the ability to combine them into sophisticated methodologies and pipelines.  Typically a researcher would have to run these modules independently and perform the integration manually by invoking the programs, using cut and paste methods to interface them and other manual interventions that prevent automation, complicate reproducibility, limit distribution, and make the process unnecessarily complicated and burdensome.  This problem is exacerbated as more complex multi-step analytical methodologies are developed in the context of integrative computational analysis. The need for both a rich set of analytics and a flexible method to combine them is critical to the success of many projects.

To enable reproducibility and independent validation of important computational results, providing the data sets and tools as part of the publication of a paper is not enough.  Relevant analysis methodology is usually not described in enough detail due to space limitations or lack of the right descriptive format.  
Another issue that must be addressed here is how to capture which release of external data was used in the experiment.  This is a community problem and is not addressed within the context of this proposal.  However, the Life Sciences Identifier (LSID) proposed by the Interoperable Informatics Infrastructure Consortium (I3C) will also help in this area.
GenePattern and Reproducible Research
Within the Broad Institute, the GenePattern development team has undertaken the development of an analysis module repository and pipeline system that is based on the use of the LSID to identify analysis modules and pipelines.  Through the use of the LSID to identify analysis steps within a pipeline, specific versions of analysis modules can be identified within a pipeline to allow a methodology to be exactly reproduced and re-run at some future point in time. Use of the LSID to track a module also permits a methodology to be updated selectively or entirely to use newer versions of an algorithm.  This permits scientists to re-evaluate conclusions when an analysis or methodology they have used is improved or changed.   
Similarly, the analysis pipelines (methodologies) will also be identified with LSIDs allowing these composites of many analysis steps to be modified and versioned in a manner similar to that used for an individual analysis module.
Use of the LSID also allows the sharing of methodologies between users.  For a user to share an analysis pipeline with another user, they can send the LSID of the pipeline to the user.  This can then be used to retrieve a local copy of the analysis pipeline, and by walking the transitive closure of the pipeline, analysis modules that it uses may also be retrieved.  Use of the LSID to identify analysis modules and pipelines will eventually be linked to an instance of an LSRS to allow scientists to automatically retrieve specific versions of an analysis from a remote server to their local server.

Other LSID uses within the Broad Institute

Two other uses of the LSID within the Broad Institute demonstrate different uses of the LSID within life sciences research.

GeneCruiser is a publicly available web application and web service that allows users to annotate their genomic data by mapping affymetrix probes to genes from genomic databases (GenBank, UniGene, SwissProt, LocusLink, GO, etc.).  In this context, GeneCruiser must accept identifiers from many different sources as input parameters and be able to correctly identify their sources to retrieve the correct annotations.  LSIDs are used as the input format for identifiers in order to package this context with the identifiers allowing the GeneCruiser web service to have a simpler and more flexible interface.

Within the Broad Institute, for each program we have separate LIMS systems and databases that manage samples and the experiments performed on them.  In many cases, samples will be shared or passed from one program to another.  For example to sequence a sample that was originally received in the Cancer program.  Without tightly integrating the operational systems of the programs we wish to permit identifiers for such shared samples to be tracked as the samples migrate through the various programs.  We are beginning to implement the use of LSIDs as cross-database identifiers within the sample databases. The LSID will serve as an external database identifier within a sample database. This will eventually provide the ability to perform a distributed query that can identify all uses of a sample within any of our internal databases. 
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