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1 Executive Summary:

1.1 Service Description and Purpose

Conducting biomedical research requires access to experimental data, as well as associated molecular annotations.  Annotations providing detailed information on the molecular origin, biological process, and genetic alterations of associated experiment data can provide valuable insight on experimental outcomes.  The Molecular Annotation Service provides a standardized set of interfaces for querying molecular (e.g. genomic, pathway) annotations.  For its representation, the service uses a variety of classes from the NCI LS DAM 1.1 (https://gforge.nci.nih.gov/plugins/scmsvn/viewcvs.php/requirements/LSDAM%20R1_1.EAP?root=lsdam) and leverages ISO 21090 data types (http://gforge.nci.nih.gov/frs/download.php/3819/ISO_21090_20080317.pdf).  As such, the semantics of the Molecular Annotation service representation are directly conformant to the LS DAM 1.1 and ISO 21090 data types.

The purpose of the molecular annotation service is to provide a set of capabilities for the query of molecular annotations that may be integrated with user-facing applications.  The potential usage of this service is unbounded within the life sciences domain where molecular annotations are needed.
The development of a common, reusable set of interfaces provided by this service will facilitate standardization, integration, and interoperability between various systems that provide and consume of molecular annotations.  This service specification provides a key infrastructure component for NCI to support molecular annotations originating from other systems. This service serves as a main platform for integrating molecular annotations among all heterogeneous systems/components independent of platform within the integrative cancer research domain. 
1.2 Scope

The scope of the Molecular Annotation Service is limited to providing the ability to query and retrieve molecular annotations.  The Molecular Annotation Service only provides query capability and assumes that molecular annotations already exist in underlying repositories.  Queries associated with the Molecular Annotation service that define the functionality supported by this service allow for the retrieval of: 

· Functional associations, cellular locations, and biological processes associated with a gene

· Physical locations associated with a gene

· Disease and agents associated with a gene

· Variations associated with a gene

· Homologous genes associated with a gene

· Genomic annotations by microarray reporter

In the initial service implementation, the Molecular Annotations Service will not provide the ability to retrieve genomic annotations by gene list.  Additionally, the Molecular Annotations Service will not initially provide the ability to retrieve molecular annotations such as miRNAs, proteins, pathways, and other associations; however, it is intended that these annotations will be supported in future service releases.

The scope of this document is limited to the specification of the Molecular Annotations Service as a grid service using the WSDL 1.1 standard.  The Molecular Annotation Service provides no provisions for security as molecular annotations provided by this service are available to anyone without security constraints.  As such, there are no provisions for grid level security in this document.

1.3 Platform Details
1.4 Molecular Annotation Service will be first implemented as a Grid Service on caGrid Platform to demonstrate the reference implementation of Enterprise Service on caGrid Platform.
1.5 Referenced Standards

	Domain Standards
	Description

	LSBAM v1.0
	Service conforms to NCI’s Life Science Business Architecture Model 1.0

	LSDAM v1.1
	Service conforms to NCI’s Life Sciences DAM 1.1

	LSPIM v0.1
	Service conforms to NCI’s Life Sciences PIM 0.1

	BRIDG v3.0.1
	Service conforms to the NCI’s version of the Biomedical Research Integrated Domain Group v3.0.1

	ISO 21090
	Service conforms to NCI’s version of ISO 21090 data types

	HUGO Gene Symbols
	Service leverages gene symbols from the Human Genome Organization

	MGI Gene Symbols 
	Service leverages gene symbols from the International Committee on Standardized Genetic Nomenclature for Mice


	Technology Standards
	Description

	Web Services Resource Framework (WSRF)
	Set of standard specifications for web services developed by the Organization for the Advancement of Structured Information Standards (OASIS).  The Globus Toolkit (GT4) grid services framework leverages WSRF.  The service will leverage Globus to connect to the caBIG® Grid (caGrid).

	WSDL 1.1
	Web Services Description Language (WSDL)

	ITEF RFC 2616
	Hypertext Transfer Protocol -- HTTP/1.1


2 Conformance to Platform Independent Model

	Platform Independent Model Name and Service Specification
	Platform Independent Model and Service Specification Version
	Description & Link to the Platform Independent Model and Service Specification

	Molecular Annotation Service Platform Independent Model and Service Specification
	0.1.0
	http://gforge.nci.nih.gov/svnroot/cabiodb/ECCF/artifacts/logical/PIMSS_Molecular_Annotation_Service.doc



2.1 Conformance Profile

	Conformance Profile No.
	MA-CP1

	Conformance Profile Name
	LSDAM-based Gene Annotation Conformance Profile

	Functional Profiles
	Functional Profile No.

Functional Profile Name

MA-FP1
Gene Annotation Query Profile


	Semantic Profiles
	Semantic Profile No.

Semantic Profile Name

MA-SP1

LSDAM v1.1



2.2 Functional Profile

MA service implements Gene Annotation Query Profile from the platform independent model.  Pathway Annotation Profile is going to be implemented in the future.  The following subsection is taken from the platform independent model:

2.2.1 Gene Annotation Query Profile

	Interface No
	Interface Name
	Interface Description

	MA-INF1
	MAGeneAnnotationQuery
	Includes all operations for retrieving gene annotations. 


The Gene Annotation Query Profile includes the following operations:
	Operation No.
	Operation Name
	Interface Name
	Operation Description

	MA-INF1-OP1
	getGenesBySymbol
	MAGeneAnnotationQuery
	Returns the gene named by the specified gene symbol or gene alias

	MA-INF1-OP2
	getGenesByMicroarrayReporter
	MAGeneAnnotationQuery
	Returns the gene associated with the specified microarray reporter

	MA-INF1-OP3
	getFunctionalAssociations
	MAGeneAnnotationQuery
	Returns annotations describing a gene’s molecular function 

	MA-INF1-OP4
	getCellularLocations
	MAGeneAnnotationQuery
	Returns annotations describing a gene’s location within a cell

	MA-INF1-OP5
	getBiologicalProcesses
	MAGeneAnnotationQuery
	Returns annotations describing a gene’s role in biological processes

	MA-INF1-OP6
	getDiseaseAssociations
	MAGeneAnnotationQuery
	Returns findings about a gene’s role in diseases

	MA-INF1-OP7
	getAgentAssociations
	MAGeneAnnotationQuery
	Returns findings about agents which target a given gene

	MA-INF1-OP8
	getStructuralVariations
	MAGeneAnnotationQuery
	Returns variations which are located on a given gene

	MA-INF1-OP9
	getHomologousGenes
	MAGeneAnnotationQuery
	Returns a gene’s homologous gene in a specified organism


2.3 Dynamic Interactions
The Molecular Annotation Service is a core service, with a fairly simple dynamic model, because of the system’s read-only and stateless nature. All interactions with the service follow a simple query pattern: the user calls an operation with the query parameters, and the service performs the query and returns the results.  The service is accessed using standard caGrid technologies.

2.3.1 


3 Platform Specific Model

3.1 Overview 

This section describes the service payload model and the service interface contract in detail.  Schemas for the service message payloads are included.  The service interface is described using WSDL snippets and the complete WSDL is in the appendix.  This section also provides guidelines for implementing this service.

	Domain Model
	Description

	NCI’s Implementation of ISO 21090 Data types
	The service specifications will be based on NCI’s constrained implementation of ISO 21090 data types

	Molecular Annotation Platform-Independent Model
	The project-specific PIM based on the LSPIM v0.1.


	Technology
	Affects

	Globus Toolkit 4.1
	GTK is used to develop this WSRF compliant grid service

	caCORE SDK 4.3
	The service will be generated from its information model by the caCORE SDK. 

	ISO 21090 Common Library
	The service will rely on CBIIT’s ISO 21090 Common Library for data type mapping. 


3.2 Assumptions and Dependencies

	Assumption
	Affects

	
	


	Dependency
	Description

	The grid service will leverage the Molecular Annotation Service Java API 
	The Molecular Annotation Service Java API must be implemented prior to the implementation of the grid services.

	caGrid1.3
	This service is deployed in the caGrid 1.3 environment.

	caBIO 4.3.1
	The service will depend on the production caBIO database for its data.  caBIO data management services facilitate data updates on a semi-monthly basis. 


3.3 Service Interface
3.3.1 Interface Model

	Implemented Interface No.
	Supported Interface Name
	Interface Description
	Link

	MA-INF1
	MAGeneAnnotationQuery
	Includes all operations for retrieving gene annotations.
	Provide the link to the Javadocs
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3.3.2 Management Model

3.3.2.1 Molecular Annotations Model


3.3.3 WSDL Messages and portTypes

The service shall conform to the messages and portTypes defined in the WSDL located at the following URL:

	Description
	URL

	The WSDL for MA Grid Service contains operations and type definitions for input, output parameters and other semantics
	https://gforge.nci.nih.gov/svnroot/cabiodb/GridService/MaGridService/trunk/software/MaGridService/schema/MaGridService/MaGridService.wsdl

	ISO 21090 Healthcare Data Types.
	https://ncisvn.nci.nih.gov/svn/coppa/tags/po-3.1.0rc2-code/po-grid/schema/CoreServices/ISO_datatypes_Narrative.xsd 


3.4 Operations Details 

3.4.1.1 getGenesBySymbol 

	Description
	Returns the gene named by the specified gene symbol or gene alias.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism 

	Outputs
	Collection<Gene> containing fully-populated instances of the Gene class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example. 


3.4.1.2 getGenesByMicroarrayReporter
	Description
	Returns the gene associated with the specified microarray reporter.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	ReporterSearchCriteria with a non-null reporterName and an optional associated Microarray 

	Outputs
	Collection<Gene> containing fully-populated instances of the Gene class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of reporterName is ignored.

The Microarray should be populated as for a query-by-example. 


3.4.1.3 getFunctionalAssociations
	Description
	Returns ontological annotations describing a gene’s molecular function.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism

	Outputs
	Collection<MolecularFunction> containing fully-populated instances of the MolecularFunction class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example.


3.4.1.4 getBiologicalProcesses
	Description
	Returns ontological annotations describing a gene’s role in biological processes.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism

	Outputs
	Collection<BiologicalProcess> containing fully-populated instances of the BiologicalProcess class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example.


3.4.1.5 getCellularLocations
	Description
	Returns ontological annotations describing a gene’s role in biological processes.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism

	Outputs
	Collection<CellularComponent> containing fully-populated instances of the CellularComponent class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example.


3.4.1.6 getDiseaseAssociations
	Description
	Returns DiseaseAssociations for a particular gene. Each DiseaseAssociation is an association between the gene and a disease, supported by evidence from literature.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism

	Outputs
	Collection<DiseaseAssociation> containing fully-populated instances of the DiseaseAssociation class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example.


3.4.1.7 getAgentAssociations
	Description
	Returns AgentAssociations for a particular gene. Each AgentAssociation is an association between the gene and an agent, supported by evidence from literature.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism

	Outputs
	Collection<AgentAssociation> containing fully-populated instances of the AgentAssociation class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example.


3.4.1.8 getStructuralVariations
	Description
	Returns SingleNucleotidePolymorphisms on a particular gene. 

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism

	Outputs
	Collection<SingleNucleotidePolymorphism> containing fully-populated instances of the SingleNucleotidePolymorphism class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example.


3.4.1.9 getHomologousGenes
	Description
	Returns the homologous Gene in a specified organism, for a given Gene.

	Pre-Conditions
	None

	Security Controls
	None

	Inputs
	GeneSearchCriteria with a non-null symbolOrAlias and an optional associated Organism

	Outputs
	Fully-populated instances of the Gene class

	Post-Conditions
	None

	Exception Conditions
	MAException

	Notes
	The case of symbolOrAlias is ignored.

The Organism should be populated as for a query-by-example.


3.5 Message Information Model

3.5.1 Molecular Annotations Information Model
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There is no constraining or localization to the classes from the PIM level.  For more details, refer to the link below:

https://gforge.nci.nih.gov/svnroot/cabiodb/ECCF/artifacts/MolecularAnnotationService.eap
3.5.2 Information Model Description

Refer to the Molecular Annotation Information Model in the Platform Independent Model (PIM) service specification for details - Section 2.3 (of PIM).


3.6 Service Interactions

3.6.1 Actors
	Name
	Type
	Description

	caBIO
	Producer
	Source for annotation data.

	caIntegrator
	Consumer
	Integrative Translational Research Systems such as caIntegrator depend on Molecular Annotations for looking up annotations for microarray reporters used in experiments being analyzed.

	GEWorkbench
	Consumer
	Gene Expression Analysis Tools such as GEWorkbench depend on a Molecular Annotations for putting expression data in context of a genome.


3.6.2 Interaction Details

*Producers provided the data which this service needs. 

*Consumers consume the data provided by this service.

	Actor Name
	Producer / Consumer
	Data 
	Link
	Description

	caBIO 
	Producer
	Molecular annotations
	<Link to database schema>
	The molecular annotation service relies on the caBIO database for object-relational mapping

	caIntegrator
	Consumer
	Molecular annotations
	<Link to Javadocs>
	Relies on the Molecular Annotation Service for looking up annotations for microarray reporters used in experiments being analyzed.

	GEWorkbench
	Consumer
	Molecular annotations
	<Link to Javadocs>
	Relies on the Molecular Annotation Service for putting expression data in context of a genome.


3.7 Implementation Considerations

3.7.1 Security

	Access Control

	Does the Service require Access Control mechanism to be in place to restrict access to only authenticated users or systems?
	No

	Application (Service) Security [Access Policy]

	Does the Service incorporate any security controls (Authorization) to ensure that access to information is granted to only the authorized users / systems?
	No

	Cryptography

	Does the Service require encryption of data transmitted to and from it?
	No

	Information Security and Risk Management

	Is the information served by the service confidential or privileged? And if yes, is it at risk from any external threats or vulnerabilities?
	No

	Legal, Regulations, Compliance and Investigations

	Does the information served by the service fall under any legal / regulatory compliance either at federal, state, local or institutional level?
	No

	Telecommunications and Network Security

	Does the service need any network or transport level security such as SSL, Firewall protection etc.
	No


3.7.2 Auditing
This service does not require any auditing support.
3.7.3 Privacy

All data served by this service is public.
3.7.4 Error Handling

Molecular Annotations fault exception is thrown for errors. User-friendly error messages are provided.  
<complexType name="MolecularAnnotationsFault">
  <complexContent>
    <extension base="wsrbf:BaseFaultType" />




  </complexContent>
</complexType>

3.8 Deployment Details

	Deployment Details
	Impact

	Deployment Modes
	caGrid 1.3 environment

	
	

	Scalability details
	Does this service need to support a particular number of requests? Are there performance requirements for the service?

	Discovery
	How can clients call this service? For example if this is an application it would be installed on their computers,  downloaded from a public web site etc.

	Uptime
	Provide the details of the uptime provided by this implementation of the service.

	Failover
	Does this service need to provide hot failover? If yes, then how should it be handled at service / database levels etc?

	
	

	
	

	
	


3.9 Constraints

This section should include any additional constraints on the service that have not been covered in the previous sections. 

	Constraints
	Impact

	
	

	
	

	
	


4 Recommendations for Conformance and Compliance

4.1 Conformance Assertions

	No
	Name
	Type
	Viewpoint
	Description
	Test method

	1
	Query Performance
	Obligation
	Engineering
	The MA service should provide a response within 0.5 seconds to support a synchronous UI based client
	Test cases to include performance testing.

	
	
	
	
	
	

	
	
	
	
	
	

	2
	Semantic Model
	Obligation
	Informational
	The MA service must provide traceability to classes in the LS PIM where applicable.
	Design Review

	3
	Data Types
	Obligation
	Informational
	The MA service must confirm to NCI’s constrained list of ISO 21090 data types. 
	Design Review

	4
	Functional Profiles
	Obligation
	Computational
	Functional Profiles shall be deployed as functional wholes. Ignoring or omitting functional behavior defined within a functional profile is not permitted, nor is diverging from the detailed functional specifications provided in Section 5. 
	1. Design Review

2. Test cases

	5
	Functional Profiles – Conformant Implementation
	Obligation
	Computational
	A conformant implementation of this specification must deploy at least one Functional Profile. If that Functional Profile has dependencies on other profiles, then those dependencies must be deployed as well to support the provenance of that service instance. 
	1. Design Review
2. Test cases


5 Appendix A - Relevant Standards

Fill out the table below to identify the standards that are relevant to this service implementation

	Standards
	Description

	BRIDG v3.0.1
	The Biomedical Research Integrated Domain Group (BRIDG) has developed a comprehensive domain analysis model representing biomedical/clinical research.

	ISO 21090
	Harmonized data types for information exchange in Healthcare

	
	

	
	


6 Appendix B - Glossary 
	Term
	Description

	caBIO
	cancer Bioinformatics Infrastructure Objects

	Entrez Gene  
	 Entrez Gene is a searchable database of genes, from RefSeq genomes, and defined by sequence and/or located in the NCBI Map Viewer

	SwissProt
	Swiss-Prot is a manually curated biological database of protein sequences

	Cancer Gene Index (CGI)
	The Cancer Gene Index is a collection of records on 6,955 human genes identified from the literature as having an association with cancer based on Medline searches using cancer-related disease or drug/compound terms from the NCI Thesaurus.

	Canada Drug Bank
	The DrugBank database is a unique bioinformatics and cheminformatics resource that combines detailed drug (i.e. chemical, pharmacological and pharmaceutical) data with comprehensive drug target (i.e. sequence, structure, and pathway) information.

	APIs
	Application programming interface

	caIntegrator2
	The goal of the caIntegrator2 project is to provide an application that will allow users with a somewhat moderate technical background to create a caIntegrator-like application that they can deploy at their local center.

	geWorkBench
	geWorkbench provides an innovative, open-source software platform for genomic data integration, bringing together analysis and visualization tools for gene expression, sequences, protein structures, pathways, and other biomedical data.

	Microarray 
	A collection of microscopic features/reporters, such as DNA fragments, arrayed on a solid surface.

	Reporter
	A generic object to represent features on a particular array platform for measuring specific biological signals, such as genotype for SNP array, and levels of gene transcription products for Expression and Exon arrays.

	SNP
	 A single-nucleotide polymorphism (SNP, pronounced snip) is a DNA sequence variation occurring when a single nucleotide — A, T, C, or G — in the genome (or other shared sequence) differs between members of a species (or between paired chromosomes in an individual).
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