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Molecular Annotation Service Platform Independent Model and Service Specification
1 Introduction

1.1 Overview
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 Relationship to Standards
	Standards
	Description

	LS BAM v1.0
	Service conforms to NCI’s Life Science Business Architecture Model

	LS DAM 1.1
	Service conforms to NCI’s version of Life Sciences DAM 1.1

	ISO 21090
	The 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


1.3 Relation to the Molecular Annotation Conceptual Functional Service Specification
	Conceptual Functional Service Specification Name
	Conceptual Functional Service Specification Version
	Description & Link to the Conceptual Functional Service Specification

	Molecular Annotation Conceptual Functional Service Specification
	0.0.4
	https://gforge.nci.nih.gov/svnroot/cabiodb/ECCF/artifacts/conceptual/CIMSS_Molecular_Annotation_Service.doc



	Deviation from the Conceptual Functional Service Specification
	Reason for Deviation

	None
	


1.3.1 Conformance and Compliance

	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 Platform Independent Model and Service Specification
2.1 Overview and Architecture
The sections below fully describe the operations and behavior of the interfaces provided by the Molecular Annotation Service. It is important to note that the structure of interfaces is specifically defined for the Service provider. These are effectively distinct to the groupings of capabilities defined in Functional Profiles that form the basis for conformance and for consumption of the service by Clients. In some cases, the functional profiles may approximate or match the interface structure.

One interface has been defined:

1. Gene Annotation Query Profile – provides/includes all operations for retrieving gene annotations
2.2 Implementation Considerations

	Implementation Consideration
	Impact

	ISO data types may need to be constrained for the implementation
	The service developed might not utilize all ISO 21090 data types

	ISO data types do not support Map and HashMap.
	Current caBIO APIs for array annotations are using Map (and HashMap) as return data type. An alternative or workaround might be used to be compliant with ISO 21090


2.2.1 Assumptions

	Assumptions
	Affects

	Audit & Logging is assumed to be handled by supporting infrastructure
	It is assumed that any requirements for logging or auditing of operation calls will be handled by supporting infrastructure, so this has not been explicitly referenced in the individual operations
. 


	MA services are open to public without authorization required
	Any user can access and use the service


2.2.2 Deployment Considerations

	Deployment Consideration
	Impact

	Local Deployment Mode
	The Service is generally not run locally in the same container as the client application. Currently caBIO database is hosted locally in NCI and the service is assumed to be deployed within the same NCI network.

	Remote Deployment Mode
	Service should run remotely and be able to support remote client

	Inter domain / Inter Enterprise
	The Molecular Annotation Service provides inter-domain or inter-enterprise access by multiple applications / services from remote domains and enterprises.




2.2.3 Jurisdictional Domains

	Jurisdictional Domains
	Boundary

	NCI’s OCIO

	The service will be deployed within NCI network



Note: Since the MA service is hosted at NCI, it falls under the jurisdictions of the office of CIIO. Since NCI it a federal agency, it is also under the jurisdiction of US Federal government.
2.3 Information Model

2.3.1 Gene Type

The Gene object is the focus of the Gene Annotation Query Profile. 
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2.3.2 Gene State Model

The Molecular Annotation service is stateless.

2.3.3 Molecular Annotation Implementation Model
The project-specific PIM described here is derived mainly from the LSPIM. The derived model is given in the Trace column. In cases where the model has been constrained by removing attributes or classes, this is indicated with italics and “(Removed)” in the trace column. In cases where the model has been localized by adding attributes or classes, they are given a trace of “New”.
2.3.3.1 Gene and Related Classes
 [image: image2.emf]class Gene and related classes
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Figure 1: Derivation of Gene from the LSPIM and LSDAM
NucleicAcidPhysicalLocation
	Trace
	Attribute Name
	Type
	Type

	LSPIM
	startCoordinate
	INT
	MERGEFIELD Att.Notes The start coordinate of the range (inclusive), given as an integer offset from the start of the sequence.

	LSPIM
	endCoordinate
	INT
	The end coordinate of the range (inclusive), given as an integer offset from the start of the sequence.

	New
	featureType
	CD
	The type of gene feature located, e.g. GENE, CDS, UTR, RNA, PSEUDO.

	New
	assembly
	ST
	The genome assembly which this location is defined in reference to.


NucleicAcidSequenceFeature
	Trace
	Attribute Name
	Type
	Type

	LSPIM
	orientation
	ST
	The orientation of the feature relative to the sequence upon which it is annotated.  Features that are annotated on the same strand as the underlying sequence are usually indicated by “forward”, “for”, “F”, or “+”. Features that are on the opposite strand (the reverse-complement of the underlying sequence) are usually indicated by “reverse”, “rev”, “R”, or “-“.

	New
	gridIdentifier
	TEL.URL
	caBIG Grid Identifier


Gene
	Trace
	Attribute Name
	Type
	Type

	LSPIM
	symbol
	ST
	MERGEFIELD Att.Notes The official symbol for the gene, based on an organism-specific database of gene symbols, such as HUGO, MGI or RGD.

	New
	fullName
	ST
	The title of the gene.


GeneIdentifier

	
	Attribute Name
	Type
	Type

	LSPIM
	databaseName

	CD
	MERGEFIELD Att.Notes Identifies the data base from which the identifier was assigned.  For example, the identifier from Ensembl, Entrez Gene, UniGene, or GenBank.

	LSPIM
	identifier
	II
	The designation assigned to the gene to uniquely identify it within a system.  For example, the identifier from Ensembl, Entrez Gene, UniGene, or GenBank.


Organism

This class has been localized by adding a shortcut association to the NucleicAcidSequenceFeature class. In other words, every feature is specific to a single organism. 

	Trace
	Attribute Name
	Type
	Type

	LSPIM
	commonName

	ST
	MERGEFIELD Att.Notes The generally-used term for the organism (e.g., human for the genus species Homo sapiens).

	LSPIM
	ncbiTaxonomyId
	CD
	The NCBI’s taxonomy Identifier is a stable unique identifier for each taxon

	LSPIM
	scientificName
	CD
	Generally, the genus and species of the organism.

	LSPIM
	taxonomyRank
	CD
	Name of the node in the taxonomic tree as provided in NCBI taxonomy database. i.e. genus, species , etc.


2.3.3.2 Gene Annotations
   [image: image3.emf]class Annotations
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Figure 2: Derivation of annotation classes from the LSPIM and LSDAM
MolecularSequenceAnnotation
	Trace
	Attribute Name
	Type
	Type

	LSPIM
(Removed)
	date
	TS
	The date on which the molecular sequence annotation was reported based on finding or literature review.

	New
	gridIdentifier
	TEL.URL
	caBIG Grid Identifier

	New
	source
	ST
	The data source that provided the association.


OntologyAnnotation
 (New)


	Trace
	Attribute Name
	Type
	Type

	LSPIM
	term
	CD
	An ontological term associated with the molecular sequence by some ontology (code system).MERGEFIELD Att.Notes


DiseaseAsociation (New)


	Trace
	Attribute Name
	Type
	Type

	New
	role
	CD
	A code that explains the interaction, or type of association.MERGEFIELD Att.Notes


AgentAssociation (New)



	Trace
	Attribute Name
	Type
	Type

	New
	role
	CD
	A code that explains the interaction, or type of association.MERGEFIELD Att.Notes


Disease (New)



	Trace
	Attribute Name
	Type
	Type

	New
	name
	CD
	Common name of the disease.MERGEFIELD Att.Notes

	New
	EVSId
	II
	The NCI’s Enterprise Vocabulary Services (EVS) identification number.

	New
	gridIdentifier
	TEL.URL
	caBIG Grid Identifier


TherapeuticAgent
	Trace
	Attribute Name
	Type
	Type

	LSPIM (Removed)
	identifier
	II
	The unique identifier for the therapeutic agent. For example, National Safety Council (NSC) number, Investigational New Drug (IND) number, etc. 

	LSPIM (Removed)
	statusCode
	CD
	A value representing whether the therapeutic agent is currently active or inactive.

	LSPIM (Removed)
	statusDateRange
	IVL<TS>
	The date and time span for when a particular status becomes active until it is no longer considered active, enforceable, relevant, etc.

	New
	name
	CD
	Common name of the agentMERGEFIELD Att.Notes

	New
	description
	ST
	The text that describes the agent.  

	New
	EVSId
	II
	The NCI’s Enterprise Vocabulary Services (EVS) identification number.

	New
	drugbankAccession
	II
	DrugBank accession number consisting of a 2 letter prefix (DB) and a 5 number suffix.

	New
	gridIdentifier
	TEL.URL
	caBIG Grid Identifier


2.3.3.3 Gene Variations

 [image: image4.emf]class Variations
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Figure 3: Derivation of variation classes from the LSPIM and LSDAM
VariationIdentifier




	Trace
	Attribute Name
	Type
	Type

	LSPIM
	databaseName
	CD
	Identifies the data base from which the identifier was assigned.  For example, the identifier from the dbSNP database.MERGEFIELD Att.Notes

	LSPIM
	Identifier
	II
	A designation assigned to a reference SNP to uniquely identify it.  For example, the identifier from the dbSNP data base.


NucleicAcidSequenceVariation




	Trace
	Attribute Name
	Type
	Type

	LSPIM (Removed)
	name
	ST
	MERGEFIELD Att.NotesRemoved

	New
	gridIdentifier
	TEL.URL
	caBIG Grid Identifier


SingleNucleotidePolymorphism




	Trace
	Attribute Name
	Type
	Type

	New
	alleleA
	CD
	The primary allele (variant) of this polymorphismMERGEFIELD Att.Notes

	New
	alleleA
	CD
	The alternate allele (variant) of this polymorphism

	New
	aminoAcidChange
	ST
	The amino acid position in the polypeptide sequence, proceeded by the one letter amino acid code for the predominant allele and followed by the one letter code amino acid code for the allele encoded by the SNP. The amino acid position is indicated in reference to the provided RefSeq accession number.

	New
	chrXPseudo AutosomalRegion
	BL
	Indicator of chromosome X pseudo-autosomal region, which is homologous with part of Y chromosome thus exhibiting “autosomal” inheritance pattern. 

	New
	codingStatus
	ST
	The type of amino acid change associated with the SNP, e.g. SYNON, NONSYN, [Complex] or null if the SNP is not located in a protein coding region.

	New
	flank
	ST
	The flanking sequence context of a SNP.

	New
	validationStatus
	BL
	Indicator for whether the SNP has been validated. 

	New
	gridIdentifier
	TEL.URL
	caBIG Grid Identifier


2.3.3.4 Microarray Annotations

 [image: image5.emf]class Microarray
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Figure 3: Derivation of variation classes from the LSPIM and LSDAM
Reporter (GEDAM)
	Trace
	Attribute Name
	Type
	Type

	New
	name
	CD
	The name of the reporter. This is often the manufacturer identifier for the reporter.MERGEFIELD Att.Notes


ArrayDesign (GEDAM)
	Trace
	Attribute Name
	Type
	Type

	New
	name
	ST
	The common name attached to the array

	New
	description
	ST
	The manufacturer product name.

	New
	manufacturer
	ST
	The manufacturer of the array (i.e. Illumina, Affymetrix, Agilent, etc.)

	New
	LSID
	II
	The unique Life Science Identifier assigned by caArray for this platform.


2.3.4 Implementation model

The Gene class and its associations are derived from LSPIM information model. The Enterprise Architect Project for the Molecular Annotation Implementation Model can be found here (https://gforge.nci.nih.gov/svnroot/cabiodb/ECCF/artifacts/MolecularAnnotationService.eap). The class diagram of the full implementation model is shown below:
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Molecular Annotation Implementation Model derived from LSDAM Information Model
Additional utility classes are also defined in the Molecular Annotation PIM. These classes are used as control parameters (inputs) for searching. The class diagram below shows these classes:
[image: image7.emf]class Utility
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Since LSDAM uses ISO 21090 data types, which are HL7 V3 RIM R2 compliant, the Molecular Annotation Service uses the following ISO 21090 Data Types:

 [image: image8.emf]class ISO Datatypes Used

 ISO DT Class Model::ANY

+ flavorId:  String [0..1]

+ nullFlavor:  NullFlavor [0..1]

 ISO DT Class Model::II

+ displayable:  Boolean [0..1]

+ extension:  String [0..1]

+ identifierName:  String [0..1]

+ reliability:  IdentifierReliability [0..1]

+ root:  Uid [0..1]

+ scope:  IdentifierScope [0..1]

 ISO DT Class Model::CD

+ code:  String [0..1]

+ codeSystem:  Uid [0..1]

+ codeSystemName:  String [0..1]

+ codeSystemVersion:  String [0..1]

+ codingRationale:  Set(CodingRationale)

+ displayName:  ST [0..1]

+ originalText:  ED.TEXT [0..1]

 ISO DT Class Model::

TEL.URL

 ISO DT Class Model::TEL

+ use:  Set(TelecommunicationAddressUse)

+ useablePeriod:  QSET(TS) [0..1]

+ value:  Uri [0..1]

 ISO DT Class Model::INT

+ value:  Integer [0..1]

 ISO DT Class Model::QTY

+ originalText:  ED.TEXT [0..1]

+ uncertainty:  QTY [0..1]

+ uncertaintyType:  UncertaintyType [0..1]

 ISO DT Class Model::ST

+ value:  String [0..1]

 ISO DT Class Model::

ED.TEXT

 ISO DT Class Model::ED

+ charset:  Code [0..1]

+ compression:  Compression [0..1]

+ data:  Binary [0..1]

+ description:  ST [0..1]

+ integrityCheck:  Binary [0..1]

+ integrityCheckAlgorithm:  IntegrityCheckAlgorithm [0..1]

+ mediaType:  Code [0..1] = text/plain

+ reference:  TEL.URL [0..1]

+ thumbnail:  ED [0..1]

+ value:  String

+ xml:  XML [0..1]


ISO 21090 Data Types used by the Molecular Annotation Service

The Molecular Annotation PIM only uses CBIIT-localized ISO data types (https://wiki.nci.nih.gov/display/ISO21090/CBIIT+Localizations) for compatibility with CBIIT tools.
2.3.5 Error Implementation Model
 [image: image9.emf]class Errors

 errors::MAException

- code:  CD

- message:  ED.TEXT

-  severity:  CD

-  type:  CD


	Attribute Name
	Type
	Attribute Description

	code
	CD
	The actual error code which is Exception class represents 

	message
	CD
	The detailed error message

	severity
	CD
	The severity of this error. It can be “FATAL”, “HIGH”, “MEDIUM” or “LOW”

	type
	CD
	Indicates what type of error has occurred. E.g. Business, System etc.


2.4 Control Data Type Definitions

2.4.1 Status/Return Values/Exceptions

	Data Type
	Type (Status / Return Value / Exception)
	Data Type Description

	MAException
	Exception
	Exception thrown when there is an error in the operation of MA Service methods


2.4.2 Error Codes

	Error Code
	Error Condition
	Error/Exception Description

	MAE10101
	Fatal
	Remote System Error


2.4.3 Query Parameters and Result Sets

	Data Type
	Type (Query Search Criteria / Search Result Limiter / Query Result Set)
	Data Type Description

	GeneSearchCriteria
	Query Search Criteria
	Search criteria object for finding genes of interest. 

	ReporterSearchCriteria
	Query Search Criteria
	Search criteria object for finding microarray reporters of interest.


3 Interfaces

3.1 UML Model of Interfaces

	Interface No
	Interface Name
	Interface Description

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


Following is the Interface model for Molecular Annotation Service:
[image: image10.emf]class MAService

 «service»

MAService

+ getAgentAssociations(GeneSearchCriteria :GeneSearchCriteria) : AgentAssociation[]

+ getBiologicalProcesses(GeneSearchCriteria :GeneSearchCriteria) : OntologyAssociation[]

+ getCellularLocations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAssociation[]

+ getDiseaseAssociations(GeneSearchCriteria :GeneSearchCriteria) : DiseaseAssociation[]

+ getFunctionalAssociations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAssociation[]

+ getHomologousGene(Organism :Organism, GeneSearchCriteria :GeneSearchCriteria) : Gene

+ getStructuralVariations(GeneSearchCriteria :GeneSearchCriteria) : GeneticVariation[]

+ retrieveGeneByMicroarrayReporter(ReporterSearchCriteria :ReporterSearchCriteria) : Gene[]

+ retrieveGeneBySymbol(GeneSearchCriteria :GeneSearchCriteria) : Gene[]

notes

The operations for the MAPathwayAnnotaionQuery will  be available in the future.

 errors::MAException

- code:  CD

- message:  ED.TEXT

-  severity:  CD

-  type:  CD

 «interface»

MAGeneAnnotationQuery

+ getAgentAssociations(GeneSearchCriteria :GeneSearchCriteria) : AgentAssociation[]

+ getBiologicalProcesses(GeneSearchCriteria :GeneSearchCriteria) : OntologyAssociation[]

+ getCellularLocations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAssociation[]

+ getDiseaseAssociations(GeneSearchCriteria :GeneSearchCriteria) : DiseaseAssociation[]

+ getFunctionalAssociations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAssociation[]

+ getHomologousGene(Organism :Organism, GeneSearchCriteria :GeneSearchCriteria) : Gene

+ getStructuralVariations(GeneSearchCriteria :GeneSearchCriteria) : GeneticVariation[]

+ retrieveGeneByMicroarrayReporter(ReporterSearchCriteria :ReporterSearchCriteria) : Gene[]

+ retrieveGeneBySymbol(GeneSearchCriteria :GeneSearchCriteria) : Gene[]

 «interface»

MAPathwayAnnotationQuery

notes

This is to be implemented in the future.

MAService

Interface

Future Interface

Legend

All the datatypes are based on LSDAM1.1  and IS21090
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Name:

Package:

Version:

Author:

MAService

interfaces

1.0

caBIO Team

 
Molecular Annotation Services Interface Model

3.2 Operations (Enumeration)

	Operation No.
	Operation Name
	Interface Name
	Operation Description

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

	MA-INF1-OP2
	getGeneByMicroarrayReporter
	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
	getHomologousGene
	MAGeneAnnotationQuery
	Returns a gene’s homologous gene in a specified organism


3.3 Operation Behavior Descriptions

3.3.1 Gene Annotation Interface

This interface facilitates functionality for retrieving annotations about genes. 
3.3.1.1 getGeneBySymbol
Returns the gene named by the specified gene symbol or gene alias and the gene’s organism. 
	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the matching Gene object(s), if any

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria 

	Outputs
	· Return:

· Fully-populated instance(s) of the Gene class 

	Post-Conditions
	None

	Exception Conditions
	· No matching genes found

	Additional Details


	None

	Notes
	None


3.3.1.2 getGeneByMicroarrayReporter
Returns the gene associated with the specified microarray reporter.

	Behavior Description
	· Client supplies a ReporterSearchCriteria instance with a reporter name and a microarray design to search within
· The case of the reporter name is ignored
· If the Microarray is null then all Microarrays are searched

· The system returns the matching Gene object(s), if any

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· ReporterSearchCriteria 

	Outputs
	· Return:

· Fully-populated instance(s) of the Gene class 

	Post-Conditions
	None

	Exception Conditions
	· Specified microarray is not supported
· Reporter not found

	Additional Details


	Multiple

	Notes
	None


3.3.1.3 getFunctionalAssociations
Returns annotations describing a gene's molecular function.
	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the matching Gene objects’ associated OntologyAnnotation objects, if any.

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria

	Outputs
	· Return:

· Fully-populated instance(s) of the OntologyAnnotation class 

	Post-Conditions
	None

	Exception Conditions
	· Gene does not exist

· More than one gene matches

	Additional Details


	None

	Notes
	None


3.3.1.4 getCellularLocations
Returns annotations describing a gene's role in biological processes.

	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the matching Gene objects’ associated OntologyAnnotation objects, if any.

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria

	Outputs
	· Return:

· Fully-populated instance(s) of the OntologyAnnotation class 

	Post-Conditions
	None

	Exception Conditions
	· Gene does not exist

· More than one gene matches

	Additional Details


	None

	Notes
	None


3.3.1.5 getBiologicalProcesses
Returns annotations describing a gene's role in biological processes.

	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the matching Gene objects’ associated OntologyAnnotation objects, if any.

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria

	Outputs
	· Return:

· Fully-populated instance(s) of the OntologyAnnotation class 

	Post-Conditions
	None

	Exception Conditions
	· Gene does not exist

· More than one gene matches

	Additional Details


	None

	Notes
	None


3.3.1.6 getDiseaseAssociations
Returns findings about a gene's role in diseases.

	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the matching Gene objects’ associated DiseaseAssociation objects, if any.

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria

	Outputs
	· Return:

· Fully-populated instance(s) of the DiseaseAssociation class 

	Post-Conditions
	None

	Exception Conditions
	· Gene does not exist

· More than one gene matches

	Additional Details


	None

	Notes
	None


3.3.1.7 getAgentAssociations
Returns findings about agents which target a given gene.

	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the matching Gene objects’ associated AgentAssociation objects, if any.

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria

	Outputs
	· Return:

· Fully-populated instance(s) of the AgentAssociation class 

	Post-Conditions
	None

	Exception Conditions
	· Gene does not exist

· More than one gene matches

	Additional Details


	None

	Notes
	None


3.3.1.8 getStructuralVariations
Returns variations which are located on a given gene.

	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the SingleNucleotidePolymorphism objects representing SNPs located on the matching Gene objects.

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria

	Outputs
	· Return:

· Fully-populated instance(s) of the SingleNucleotidePolymorphism class 

	Post-Conditions
	None

	Exception Conditions
	· Gene does not exist

· More than one gene matches

	Additional Details


	None

	Notes
	None


3.3.1.9 getHomologousGene
Returns a gene’s homologous gene in a specified organism.

	Behavior Description
	· Client supplies a GeneSearchCriteria instance with a gene symbol or alias and an Organism to search within, as well as the homology Organism to find homologous genes for
· The case of the symbol or alias is ignored
· If the Organism is null then all Organisms are searched

· The system returns the Gene object which is homologous within the given Organism for the gene specified with the GeneSearchCriteria

· If the homology Organism is null then all homologous genes are returned

	Pre-Conditions
	None

	Security Pre-Conditions
	None

	Inputs
	· GeneSearchCriteria
· Organism 

	Outputs
	· Return:

· Fully-populated instance(s) of the Gene class 

	Post-Conditions
	None

	Exception Conditions
	· Gene does not exist

· More than one gene matches

	Additional Details


	None

	Notes
	None


4 Dynamic Model

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.
4.1 Retrieving Annotations
 [image: image11.emf]sd Dynamic Model

 End User

 «service»

interfaces::MAService

 Data Store

retrieveGeneBySymbol(BRCA2) :Gene

executeQuery()

Gene(BRCA2)

getDiseaseAssociations(BRCA2) :DiseaseAssociation

executeQuery()

Collection(DiseaseAssociation)


Retrieve the BRCA2 gene, and then the diseases with which it is associated
5 Profiles
5.1 Functional Profiles

	Profile No.
	Profile Name
	Profile Description

	MA-FP1
	Gene Annotation Query Profile
	Contains all the capabilities for retrieving gene annotations.


	Interface Operation No.
	Interface Operation Name
	Profile No.
	Profile Name

	MA-INF1-OP1
	getGeneBySymbol
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP2
	getGeneByMicroarrayReporter
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP3
	getFunctionalAssociations
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP4
	getCellularLocations
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP5
	getBiologicalProcesses
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP6
	getDiseaseAssociations
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP7
	getAgentAssociations
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP8
	getStructuralVariations
	MA-FP1
	Gene Annotation Query Profile

	MA-INF1-OP9
	getHomologousGene
	MA-FP1
	Gene Annotation Query Profile


[image: image13.emf]class MAService

 «service»

MAService

+ getAgentAssociations(GeneSearchCriteria :GeneSearchCriteria) : AgentAssociation[]

+ getBiologicalProcesses(GeneSearchCriteria :GeneSearchCriteria) : OntologyAnnotation[]

+ getCellularLocations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAnnotation[]

+ getDiseaseAssociations(GeneSearchCriteria :GeneSearchCriteria) : DiseaseAssociation[]

+ getFunctionalAssociations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAnnotation[]

+ getGeneByMicroarrayReporter(ReporterSearchCriteria :ReporterSearchCriteria) : Gene[]

+ getGeneBySymbol(GeneSearchCriteria :GeneSearchCriteria) : Gene[]

+ getHomologousGene(Organism :Organism, GeneSearchCriteria :GeneSearchCriteria) : Gene

+ getStructuralVariations(GeneSearchCriteria :GeneSearchCriteria) : GeneticVariation[]

notes

The operations for the MAPathwayAnnotaionQuery will  be available in the future.

 errors::MAException

- code:  CD

- message:  ED.TEXT

-  severity:  CD

-  type:  CD

 «interface»

MAGeneAnnotationQuery

+ getAgentAssociations(GeneSearchCriteria :GeneSearchCriteria) : AgentAssociation[]

+ getBiologicalProcesses(GeneSearchCriteria :GeneSearchCriteria) : OntologyAnnotation[]

+ getCellularLocations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAnnotation[]

+ getDiseaseAssociations(GeneSearchCriteria :GeneSearchCriteria) : DiseaseAssociation[]

+ getFunctionalAssociations(GeneSearchCriteria :GeneSearchCriteria) : OntologyAnnotation[]

+ getGeneByMicroarrayReporter(ReporterSearchCriteria :ReporterSearchCriteria) : Gene[]

+ getGeneBySymbol(GeneSearchCriteria :GeneSearchCriteria) : Gene[]

+ getHomologousGene(Organism :Organism, GeneSearchCriteria :GeneSearchCriteria) : Gene

+ getStructuralVariations(GeneSearchCriteria :GeneSearchCriteria) : GeneticVariation[]

 «interface»

MAPathwayAnnotationQuery

notes

This is to be implemented in the future.

MAService

Interface

Future Interface

Legend

All the datatypes are based on LSDAM1.1  and IS21090

<<throws>>


Molecular Annotation Service Functional Profiles

5.2 Semantic Profiles

	Semantic Profile No.
	Semantic Profile Name
	Semantic Profile Description

	MA-SP1
	Molecular Annotation  Domain Analysis Model 
	The molecular annotation service will use semantics from the Life Science DAM. The following classes are included in the project-specific DAM (grouped by sub-domain):

Molecular Sequences and Sequence Features

· Gene

· NucleicAcidSequenceFeature

· MolecularSequenceAnnotation

· GeneticVariation

· SingleNucleotidePolymorphism

· NucleicAcidPhysicalLocation

· NucleicAcidSequence 

· MolecularSequence

Molecular Databases 

· GeneIdentifier

· PathwayIdentifier

· SingleNucleotidePolymorphismIdentifier

Taxonomy

· Organism

· AdditionalOrganismName

Molecular Interactions/Pathways

· Pathway

Clinical Annotations

· TherapeuticAgent

· Product

Material



6 Relationship with other services
The following diagram illustrates the positioning of the Molecular Annotation Service within the Life Science enterprise. Essentially, it is a core service which is accessed and referenced by other services, systems and end-user applications. 
 [image: image15.emf]cmp Component Model
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Molecular Annotation Component and Dependency Model

	Service / System / Actors Name
	Dependant / Depends
	Data
	Description

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

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

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


7 Conformance Statements
	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
	Multiple Jurisdictions
	Obligation
	Enterprise
	The MA service will span jurisdictional boundaries and will need to support a federated data model.  
	Test cases include multiple domain scenarios.

	3
	Additional Functionality
	Permission
	Computational
	The MA service can provide additional functionality other than specified in these specifications
	Design Review

	4
	Semantic Model
	Obligation
	Informational
	The MA service must provide traceability to classes in the LS PIM where applicable.
	Design Review

	5
	Data Types
	Obligation
	Informational
	The MA service must confirm to NCI’s constrained list of ISO 21090 data types. 
	Design Review

	6
	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

	7
	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


8 Appendix A - References

	Name
	Description
	Location

	LS DAM v1.1
	Life Science Domain Analysis Model
	https://gforge.nci.nih.gov/plugins/scmsvn/viewcvs.php/requirements/LSDAM%20R1_1.EAP?root=lsdam

	BRIDG v2.1
	Biomedical Research Integrated Domain Group
	http://gforge.nci.nih.gov/frs/?group_id=342 

	Molecular Annotation Service Scope and Description
	Scope document for the Molecular Annotation Service
	https://gforge.nci.nih.gov/svnroot/cabiodb/ECCF/artifacts/Molecular_Annotation_caBIG_Service_Scope_Description.doc

	Molecular Annotation CIMSS


	Computation-Independent Model (CIM) Service Specification for the Molecular Annotation Service
	https://gforge.nci.nih.gov/svnroot/cabiodb/ECCF/artifacts/conceptual/CIMSS_Molecular_Annotation_Service.doc 


9 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.

	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).


10 Appendix C - Cross Reference Tables
10.1 Interface to Profile Mapping
	Interface No.
	Interface
	Profile No.
	Profile

	MA-INF1
	MAGeneAnnotationQuery 
	MA-FP1
	Gene Annotation Query Profile


10.2 Interface Operations to Profile Operations

	Operation No.
	Operation Name
	Capability No.
	Profile Capability

	MA-INF1-OP1
	getGeneBySymbol
	MA-CPB1

	Get Gene By Symbol or Alias

	MA-INF1-OP2
	getGeneByMicroarrayReporter
	MA-CPB2
	Get Gene By Microarray Reporter

	MA-INF1-OP3
	getFunctionalAssociations
	MA-CPB3
	Get Functional Associations

	MA-INF1-OP4
	getCellularLocations
	MA-CPB4
	Get Cellular Locations

	MA-INF1-OP5
	getBiologicalProcesses
	MA-CPB5
	Get Biological Processes

	MA-INF1-OP6
	getDiseaseAssociations
	MA-CPB6
	Get Disease Associations

	MA-INF1-OP7
	getAgentAssociations
	MA-CPB7
	Get Agent Associations

	MA-INF1-OP8
	getStructuralVariations
	MA-CPB8
	Get Structural Variations

	MA-INF1-OP9
	getHomologousGene
	MA-CPB9
	Get Homologous Gene











�Auditing & logging should be supported by the Enterprise Service infrastructure.


�Not sure what OCIO stands for (it is AE PIM).  JurisdictionStatements indicates Offic of CIIO. But then I am not sure what CIIO stands for.


�This is related to the 2.2.2 Local Deployment.


�The class names are taken from the HL7 Gene Expression DAM. If we get their EAP file we could import it and provide a trace as well. 


�This is from the template, but shouldn't this be “PIM”, not implementation model?


�The capability no. is missing from the CIMSS
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