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1. INTRODUCTION 

Work package 3 ‘Standard Data models and terminologies’ will provide domain standards to develop GEN2PHEN specific architecture, facilitate data exchange and integrate data across existing and emerging resources. This work package is focused on providing standards to act as the foundation for much of the database development activities of other work packages. Use case development – the detail of how a system, or model should behave – is a key part of the model development process whereby the requirements for the domain models and data exchange formats to be delivered in WP3 are determined in collaboration with the members of the consortium and the wider community. Subsequently a core model and format supporting the key use cases will be developed (Deliverable 3.2).

Where partners expressed views on how future implementations should be engineered, these have been reflected in this document for completeness. Note that not all the use cases are expressed in terms of actors as this Workpackage does not deal with implementation, but rather with model development.
2. DESCRIPTION OF WORK

In order to identify, develop and document use cases within the consortium representative members of the consortium participated in a workshop where GEN2PHEN existing architecture and applications, relevant data models were evaluated (to be reported in WP2, Deliverable 2.1) and GEN2PHEN specific use cases were identified and documented. Additionally in order to maximise the impact of GEN2PHEN, specifically in the context of the model organism community, a subsequent workshop was held jointly with the CASIMIR project (http://www.casimir.org.uk), the goal: to evaluate the existing GEN2PHEN use cases and architecture against the needs of the mouse community identified by the CASIMIR project. The mouse community is relevant to GEN2PHEN as the community is already well organised, CASIMIR is engineering data exchange between existing mouse specific resources and there are plans for integration of human and mouse data. The mouse community was identified by the GEN2PHEN partners as an immediate priority due to their existing activity.
Relevant use cases within GEN2PHEN cover the content of various data resources, access mechanisms, e.g. web services, data representation, data exchange, and support for emerging technologies, training and communication.

There have been previous efforts to develop data models in this domain and there are some existing use cases associated with these efforts. These include PML – Polymorphism Markup Language (http://www.openpml.org/), PAGE-OM – Phenotype and Genotype Object Model (http://www.openpml.org/page-om/index.html), and FuGE – Functional genomics object model (1). A complete list of existing models can be found on the project website, (https://trac.gene.le.ac.uk/gen2phen/wiki/ModellingActivities) where they are available for consortium members to edit and expand, and are also reported here in Appendix 1. GEN2PHEN relevant use cases documented by these projects, developed during examination of the models, or developed by Partners implementing these models are included below. 

The results of this workshop are summarised in this report, complete proceedings are appended in Appendix 2.

In summary the focus of the GEN2PHEN use case development process is:

· To understand the resources already provided by partners technically, identify existing local use cases, local data models, use of ontologies and requirements for integration relevant to GEN2PHEN.

· To identify commonalities and differences between the GEN2PHEN existing resources.

· To develop and prioritise GEN2PHEN specific use cases.

· To liaise with the mouse community to ensure that emerging standards are compatible.
· To develop mouse/human use cases focusing on integrating data e.g. mouse models data for genetic diseases.
3. USE CASES

Use cases are categorized and summarized below. 
3.1. Automated data access 

This category covers all the use cases where automated data access from/by analysis platforms is required:

In particular it should be possible to automatically access and upload publicly available data into database analysis platforms, such as that supplied by BioComputing Platforms or R. The analysis aim is to combine the data acquired from public resources with existing unpublished data and furthermore facilitate subsequent analysis. However, automatic retrieval of human-related data from sources like  dbGaP (http://www.ncbi.nlm.nih.gov/gap) or TCGA (The Cancer Genome Atlas at http://cancergenome.nih.gov) raises considerable ethical issues that have to be resolved prior to access. For example recent findings suggest that even composite statistics across cohorts within genome-wide association studies can be used to unmask subjects’ identity  (2).  Thus access to data ought to be validated by an appropriate body as a prerequisite for this use case. 

3.2. Communication

It is important to develop a shared understanding of a domain without a requirement to understand an existing complex object model. This use case then is about using object models as a communication tool for software developers, to enable them to understand the domain and existing systems/models.
Although mature object models for omics experiment exist (see Appendix 1), their adoption is at best slow. It was speculated that developing and providing ‘schemalets’ (‘snapshot’ representations of more complex models) and in particular representing them as use case diagrams for specific purposes could help spur the adoption of object models in the community and aid comprehension for complex object models. For example explaining small well-defined use cases e.g. phenotype and sample will illustrate use of the model. See http://www.schemalet.org/mediawiki/index.php/Portal:PaGE-OM and detailed examples for data representation use cases in the Appendix 3.

3.3. Data acquisition

Archiving purposes play an important role in acquisition of data. Here typically two different modes of access are considered and both should be supported 

Individuals submit their datasets one-by-one directly, typically to a public repository such as HGVBaseG2P (http://www.hgvbaseg2p.org) or EGA (http://www.ebi.ac.uk/EGA). This is usually done via some GUI or a dedicated stand-alone application that uploads data to central repositories. A tab‑delimited spreadsheet is a commonly adopted submission/data acquisition format by existing databases.
Institutions, consortia and some individuals require support for batch data acquisition. This is usually achieved via web services in XML format or through dedicated pipelines from one database to another.  This mode is also used where a particular repository is populated from other existing public data sources. 
3.4. Data content
What is represented here is the legacy, state of the art and future use cases related to data content.
A specific PAGE-OM use case has to be supported where assemblies and contig relationships are not fixed. This is mainly issue with de-novo sequencing data and re-sequencing data in cases where reference sequence is not stable or is not available e.g. due to sequence aberrations. 

Another PAGE-OM specific use case requires the support for non-physical maps for representing locations of variation. Example of such a map is a genetic map where distances are given in centimorgams.

There is a requirement to provide support for newly emerging technologies including appropriate metadata. Data coming from ultra high-throughput (UHT) technologies, which produce considerably larger datasets, will supersede legacy data cases in volume. Thus, focus should be placed on platforms such as the various next-generation sequencing platforms (e.g. Illumina Genome Analyzer, Roche’s 454, ABI’s SOLiD, etc) rather than on old technologies. This includes support for appropriate metadata, flexibility in representing emerging data file formats, relevant quality measures, support for very large data volumes and development of new processing applications to perform analysis and quality control.
A solution is needed to identify probes and alleles across versions within and between technologies. This is to allow merging of data from different UHT platforms. An example of this use case would be for instance merging the Affymetrix genotyping chip data with data generated on e.g. Illumina platforms. A parallel example from the gene expression community is the representation of probes from common public platforms vs. the Ensembl browser.
It should be possible to represent that there is both genotype and phenotype with no requirement to describe how the data was generated or provide any processing protocols. For example, where there is data on genotype and phenotype and no information on how the data was generated. This is to support legacy data. It is clearly preferable to have data generation methodology described where possible, but realistically this has not always been the case. 
As technologies change biological paradigms change as well and descriptions should not be tied to technologies. Traditional models of e.g. transcription are now evolving as new technologies allow us to detect transcription at high resolution. Designers of models and formats should therefore be aware that when embedding current biological thinking at the centre of the model these models may change. Generic modelling of samples, assays and use of external resources such as ontologies to represent this information may represent a more flexible solution long term. 
Longitudinal studies require the option to record time information for visits and sample acquisition. Also cases where there is no actual time recorded only an order to measurements e.g. field trip 1, 2, 3 to visit subjects, should be possible to be represented as an ordered group (in general it is important to have a possibility to link measurements which are taken at same visit together). PAGE-OM does not currently support this case. 
Representation of complex phenotypic measurements can contain multiple values (e.g. blood pressure has systolic and diastolic values). It is important to have the possibility to express these composite values and their linking to diagnosis in a consistent way. An illustration of how different phenotypes can interact would be e.g. a diagnosis of diabetes vs. a value of glycosylated haemoglobin test, showing how the disease is controlled in a particular subject.  

Scalable data representation cases have to be supported where there are millions of rows of data corresponding to e.g. Affymetrix chip data on many individuals, or Illumina data. These will present new challenges and may require data files to be handled externally to any model as in e.g. FuGE data package. Ideally implementation of specific models should be separated clearly from conceptual models, which do not necessarily have to address implementation issues like memory or I/O optimizations.

3.5. Data discovery and/or data access
This category covers use cases of locating specific data items in one or more database implementations in large datasets, via GUI or web services:

GUI use case:  providing the user with a simple yet powerful interface to facilitate the task at hand. This can be a demanding challenge. An example for this use case is finding high level data e.g. p-value, marker, risk in dbGaP.
Programmatic use case: usually by means of web services. A developer expects access to whole data sets, possibility to download individual files and query data sets. This should be provided in a stable implementation immune to revisions in the GUI.
3.6. Data exchange

Where communication (3.2) is about human-human interactions, the data exchange category covers computational interactions and exchange of complete or partial datasets between databases and analysis applications.
In a federated database resource data would be exchanged between locus specific databases in GEN2PHEN Consortium. For example between such LSDBs as LOVD UMD or NGRL. This issue should also be addressed in summary level databases and general sequence variation databases (copy number variations, sequence polymorphism and methylation).
Core variation data should be projected to a central browse, for example Ensembl, UCSF browser.
Genetic diagnostic laboratories exchange data about rare sequence variants in commonly tested genes.  This is typically done via telephone or exchange of written reports.
Partners expressed a preference for tab-delimited simple data exchange formats. The adoption of XML format for data exchange has had some success. However, the inherent complexity of XML and the fact that it is not particularly human-readable make it a good choice only for centres that have sufficient bioinformatic and/or IT support services. However all implementations should be based on a conceptual, platform independent model(s).
3.7.  Implementation

Development of standard data models for implementation or as a guide to implementation:

There are no current plans to implement a standard data model as the basis of a relational database schema within GEN2PHEN as most partners have existing infrastructure, but there may be external groups who plan to do that. Data models developed therefore should be available in UML or similar representations with resources that would allow this. 

3.8. Integration of data

For example abstraction of high level experimental conclusions for integration into secondary databases (e.g. Uniprot):

Requirement for common identifiers for data integration purposes across multiple resources. As different platforms standardise here in a different way, an identifier transform service between e.g. RSID/Illumina/Affymetrix and any other commonly used identifier format would considerably facilitate integration.

Copy number variation markers IDs are currently a problem, as the field is relatively new and they are not standardized. The same CNV is identified by different identifiers by different manufactures. This needs to be dealt with by engaging the platform vendors as their identifier are typically uninformative and not globally unique e.g. CNV1.
There’s a need to define and share minimal information on different data domains and use cases. This has been addressed for association studies by the MIQAS project (http://miqas.sourceforge.net) and for the description of sequence variants by the LSDB/HGVS communities (http://www.hgvs.org/mutnomen/checklist.html). Public content standards are archived by the MIBBI project (http://mibbi.sourceforge.net/portal.shtml). This site will be used to track relevant emerging standards and engage the relevant communities. 

3.9. PAGE-OM

Use cases specific to PAGE-OM and relevant to GEN2PHEN. Many of these use cases were derived from PAGE-OM.

Representation of association studies, samples, protocols, data, phenotype, citations.

Representation of genotyping studies – where data could be raw/processed e.g. Affymetrix cel files, or for a subset of the data, one or more loci, a haplotype etc.

Representation of epidemiology studies.

Representation of longitudinal studies where repeated phenotype measurements are made.

Representation of phenotype information from measurements or tests (values with unit and unit free), observations (strings), diagnosis information abstracted from clinical records. Data sets have to be annotated with references to multiple ontology sources, or at least with ontologies that are well cross-referenced, as this should allow for linking human diseases with mouse models of diseases and possibly in other species.

Representation of citation information attached to assays, SNPs, experiments, methods.

Representation of output of data from analysis applications.

Constraints for the use cases:

Requirement to have many observations about an observable thing, sample, SNP, population, ability group of any of the above.

Requirement to have absolute and relative measures of all values specifically for phenotype, e.g. tall vs. some reference sample.

Relative measures of time are required – from the start of a study, from a given date.

Requirement for approximate and absolute measures of time - from an approximate date where a specific date e.g. birth date is identifiable and must be approximated, with some info on approximation methodology

3.10. Mapping

When communication has been established usually a data exchange format is developed. Mapping between resources is what facilitates communication and data exchange. Mapping is needed between existing models, typically for the purposes of query or exchange of data. This can be done by multiple pair wise mappings, or via a reference model. However there can be cases where production of pair wise mapping is not possible or cannot be automated. These have to be solved on a case-by-case basis.

LSDBs within GEN2PHEN need to map between fields e.g. diagnosis, reference sequence. Also common nomenclature for the mapped fields e.g. describing sequence variants or pathogenicity has to be established within the Consortium. Alternatively mapping would also encompass data transformations required to bring data to some common queryable format. Data formats could also be ‘typed’ for which a controlled vocabulary or ontology could be used. 
3.11. Query and data representation

Query of data in one or more database implementation:

‘Find patient who had a medication x after a diagnosis y’

‘Find all the p-values around a certain gene’

‘Find all the p-values for n samples for a specified gene and upstream and downstream (plus or minus some specified distance)’

‘Find all sequence features which are in linkage with given marker(s). Map information between coordinate systems’.

Query or aggregate summary statistics of phenotype and demographic information – e.g. mean, distribution etc for observed values on samples, discrete continuous variables.

Run meta-analysis across different derived data from different association studies 

Support commonly used formats in the domain e.g. outputs of common analysis platforms such as PLINK.

Support output formats from common instrumentation platforms e.g. Affymetrix formats.

Support cases where there are multiple e.g. p-values per marker where different models are used.

Identify, access and re-analyse raw data into derived data – subject to local access and authentication issues
3.12. Training 

Development of domain specific training documents and processes. A documented design and implemented system for tracking training needs within GEN2PHEN will be developed in the work page 8 as the ‘D8.1. Procedures to Establish Internal Training Needs’ deliverable due at month 12.  
3.13. HGVbaseG2P specific use cases

HGVbaseG2P has developed use cases as SQL templates that serve as use cases for the PAGE‑OM like model implemented by Partner 1 (ULEIC), these are summarized below and a technical summary is available in Appendix 4.

For a G2P study, retrieve basic information to display on the study report. Includes submitter and author information, cross-references, citation, as well as experiments within the study and genotyping platform(s) used for each (if present). 

For an experiment within a G2P study, retrieve method used for association analysis, phenotypic variable (or method) used in that analysis and panel of individuals compared (usually cases vs. controls). 

For a marker, get reported alleles, genomic location(s) and cross-references. 

For a marker (or markers), for each panel of individuals retrieve reported allele frequencies (or frequency cluster). Run similar query for genotype frequencies.

For a sample panel, retrieve all available summary-level phenotype observations (e.g. for disease study, 88 individuals affected / 56 unaffected) along with info on the phenotype method used to measure the trait.

Given a particular G2P analysis result set from an experiment in a study, fetch all significance values below a certain threshold along with basic info on the markers tested and summary-level genotype information relating to the test (e.g. Chi2 test of independence).

For a phenotype method, retrieve the name of G2P study it came in, the phenotypic property/trait it measures, and also basic information like cross-reference URLs and citations and description.

3.14.  CASIMIR use cases

CASIMIR and GEN2PHEN preliminary integration use cases were identified as follows: These will be followed out by future meetings with the CASIMIR consortium.
 CASIMIR preferred model to access to human and mouse  is web services.

Mouse Genome Informatics (http://www.informatics.jax.org) provides information of mouse models of human diseases. An extension of would be integrating single gene disorders datasets in human and mouse. The human data could come for example from an LSDB resource which has web services enabled.

It should be also possible to integrate data not only over different species but also different type of experiments (e.g. microarray and association study) into one queryable system. Emerging data standards like ISA-TAB (http://isatab.sourceforge.net) and MAGE-TAB (http://www.mged.org/mage-tab) encompassing different technologies into one exchange format may facilitate this process. 

4. FUTURE PLANS
Development of the core domain model (WP3 D3.2)

A preliminary workshop was held to evaluate MOLGENIS, a code generation system with an inbuilt model markup language. Prototype models for LSDB based on the Finnish Mutation Database and the MAGE-TAB data exchange format were built during the course of the workshop and these will form the basis of future modelling work which will use the use cases reported here.

Development of the data exchange format (WP3 D3.7) 

Existing data exchange formats in the high throughput genomics domain (MAGE-TAB, ISA-TAB, dbGaP) are being evaluated vs. the use cases to determine their utility for this community.

Work is progressing with WP2 to provide input on model evaluation for WP2 D2.1 Workshop to Review the G2P Database Field and Current Data Models.
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