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1 Organization of the Specification

1.1 Overview of Sections

This document describes implementation strategies for the HL7 Genetic Variation model (R-MIM and respective Common Message Element Type - CMET) defined by the Clinical Genomics Special Interest Group (SIG) for specified types of genetic testing. It is based upon use of this model during its Draft Standard for Trial Use (DSTU) phase by various members of the HL7 Clinical Genomics SIG. These use cases derive from use within the clinical practice and the clinical research areas, and the input from both groups is consolidated to provide one unified, interoperable view of the Genetic Variation model. 

Section one provides an overview of this document, and background on editorial conventions, concept definitions and acronyms.

Section two provides an overview of the genetic testing space that is the intended target for this guide. Genetic and genomic testing is very much an emerging discipline, and there are a wide variety of scientific and analytic methodologies. This section of the Implementation Guide defines the data collection (genetic test) methods whose data structures are able to fit within the “raw” data sections of the Genetic Variation model, as well as the interpretive processes whose values can populate the higher-level concepts within the data model.

Section three discusses several general issues that affect the implementation of the Genetic Variation model. These include the use of the model as a “payload” in HL7 V2.x and V3 messages (e.g., the use of the CMET in an HL7 RCRIM message). In addition, this section describes the use of specialized XML embedded within the HL7 XML, and the scoping of what concepts should be defined within the message itself and what data items may properly be defined within the model.

Section four describes several use cases developed during DSTU testing of the model, and serves as an orientation that is referenced in the more technical portions of the model description (sections five and six).

Section five then provides an overview of the concepts modeled within the Genetic Variation model, and the relationships between these concepts. This discussion is for geneticists and data managers who wish to understand the logical data model, and for business users who need to decide when to use the Genetic Variation model and when to use other genetic and genomic result models available from the HL7 Clinical Genomics SIG.

Section six is the technical description of the model itself, walking through each element and its attributes, indicating metadata and vocabulary constraints and the uses for this element that emerged during the DSTU testing. Example data fragments are presented as part of this discussion.

Section seven discusses the key concepts, and the elements and attributes that model these concepts, within the Bioinformatic Sequence Markup Language (BSML) used to carry genetic sequences within the Genetic Variation model.

Section eight discusses the controlled vocabularies and other standard formats and nomenclatures used within the Genetic Variation model. For controlled vocabularies, the use of LOINC and the National Cancer Institute’s Enterprise Vocabulary Services as the curators of many of the concepts and code lists is discussed and guidance provided on how to connect to this source for electronic validation of codes used within a specific message instance.   
Section nine discusses emerging standards and knowledgebases that after further maturation would strengthen and simplify message content.  Many of these are well established in the bioinformatics and traditional clinical genetics fields and are being extended for use by healthcare informatics.
1.2 Editorial conventions

This specification uses the following notation conventions:

1 XML element names are surrounded by angle brackets, use camelCase, with lower case initial (e.g., <effectiveTime>).

2 HL7 information model class names use camelCase with capital initial. (e. G., ManufacturedProduct).

3 RMIM class names form a component of the names of the XML Schema types but are not visible in the XML document instance.

4 When referring to HL7 information model attributes it is done by concatenation of the class name and the attribute name (e.g., ‘Act.code’). The RIM attribute names are also often surrounded by single quotation marks (e.g., ‘code’ or ‘Act.code’). (Note that RIM attributes become XML elements in the Genetic Variation Schema, as a result of HL7 schema creation rules.)

1.3 Glossary

	Concept
	Definition

	
	

	Individual Allele
	Alternative form of a Genetic Locus; a single allele for each locus is inherited separately from each parent

	Gene
	A locatable region of the genomic sequence, corresponding to a unit of inheritance, which is associated with regulatory regions, transcribed regions and/or other functional sequence regions

	Genetic Loci
	A collection of genes or genetic locus regions that are being analyzed together by the clinician or researcher in order to better understand the subject of the genetic analysis. 

	Genetic Locus
	A particular location on a chromosome (or on two homologous chromosomes in diploid organisms) such as the location of a functional gene. In this document, the class Genetic Locus is constrained to represent a gene.

The position of a gene (or other significant sequence) on the genome
Discussion: The term ‘Genetic Locus’ is generic and refers to any locus in chromosomes and other DNA material. It can be used to represent a gene but also any genetic marker. In this regard, note the definition of a genetic marker in the genome.gov site (http://www.genome.gov/glossary.cfm?key=genetic%20marker):

“A segment of DNA with an identifiable physical location on a chromosome and whose inheritance can be followed. A marker can be a gene, or it can be some section of DNA with no known function. Because DNA segments that lie near each other on a chromosome tend to be inherited together, markers are often used as indirect ways of tracking the inheritance pattern of a gene that has not yet been identified, but whose approximate location is known.”

	Genetic Variation
	Small scale genetic change. .


	Phenotype
	The observable physical and/or biochemical characteristics of the expression of a gene; the clinical presentation of an individual with a particular genotype. (From GeneTests.org)

	Reference Sequence
	The DNA sequence used as a standard form which to identify and report variation (i.e. sequence variation).

	Sequence
	The reference or observed order of the base pairs in a segment of DNA.

	Sequence Variation
	A observed variation from the reference sequence for a gene or genetic locus.

	Variant
	A sequence variation, including both deleterious and non-deleterious variations.

	Wild Type
	The typical, or most common, form of an organism, strain, gene, or characteristic as it was first observed in nature.

	
	


1.4 Acronyms

	Acronym
	Full Specification

	
	

	AHIC
	American Health Information Community

	BSML
	Bioinformatics Sequence Markup Language

	CDISC
	Clinical Data Interchange Standards Consortium

	CMET
	Common Message Element Type

	DSTU
	Draft Standard for Trial Use

	EGFR
	Epidermal Growth Factor Receptor

	FDA
	Food and Drug Administration

	HGVS
	Human Genome Variation Society

	HIPAA
	Health Insurance Portability and Accountability Act

	HL7
	Health Level 7

	HUGO
	Human genome Organization

	LOINC
	Logical Observations Identifiers, Names, Codes

	NCBI
	National Center for Biotechnology Information

	NCI
	National Cancer Institute

	RIM
	Reference Information Model

	RMIM
	Refined Message Information Model

	SIG
	Special Interest Group

	SNP
	Single Nucleotide Polymorphism

	
	


2 Introduction

2.1 What is the Genetic Variation Specification?

The Genetic Variation specification is an HL7 R-MIM model that specifies the structure and semantics for the transmission of information created during single or multiple gene testing and analysis of a subject with chromosomal based DNA. Thus human medical patients, human clinical research subjects and animal clinical research subjects can all have genetic test results transmitted in an HL7 message that uses the Genetic Variation model as its result payload. The model as discussed within this Implementation Guide is further constrained to genetic variation analyses based upon sequence variation, derived from a set of scientific methods such as SNP probes, sequencing and genotype arrays that focus on small scale genetic changes, usually in the coding region(s) of one or a small number of genes.

Gene expression analysis, Non-DNA test methods and viral genotyping are not suitable for the Genetic Variation model and are (or will be) addressed by different models within the HL7 Clinical genomics SIG. 

The Genetic Variation model is intended to be embedded in an HL7 message like a simple reporting message, an HL7 RCRIM Central Laboratory message or an HL7 Lab message. While it is intended to optimize machine processing of its content, no attempt has been made to preserve the human readability of the content.

This specification includes a detailed description of an information model for single and multiple genetic locus test results as well as the XML representation of that model. The information model is based on the HL7 Reference Information Model (RIM) and uses the HL7 Version 3 Data Types and Vocabularies.

2.2 Purpose of the Genetic Variation Specification

The major purpose of the Genetic Variation specification is to facilitate the electronic transmission of genetic testing results and interpretations. It is intended to:

1 Facilitate the flow of genetic testing information from genetic testing laboratories to medical practitioners who have ordered or require such information to provide patient care and advice. 

2 Facilitate the flow of genetic testing information from genetic testing laboratories to electronic health records, personal health records and associated clinical decision support systems able to receive and process such information.

3 Facilitate the flow of genetic testing information from genetic testing laboratories to drug and medical device companies that have ordered such information as part of a clinical trial.

4 Facilitate the flow of genetic testing information from drug and medical device companies to regulatory agencies that need to review such information as part of a new drug or device marketing application.

5 Facilitate the flow of genetic testing information from drug and medical device companies to regulatory agencies that wish to review new methodologies and genetic markers as part of a learning process distinct from new drug or device marketing applications.

6 Improve access by researchers and public health officials to individual genetic information to contribute to the understanding of sub-populations based on gender, race, and geographic location.

7 Facilitate more efficient re-analysis and re-interpretation of genetic “raw” data whenever the definition of the gene in question (or its allele types) changes in relevant knowledge bases.

2.3 Scope of the Genetic Variation Specification

The scope of the Genetic Variation specification is contained within a matrix of genetic/genomics test methodologies crossed against a set of analytic/interpretive methodologies. As its core principle, this model is intended to carry genetic test results from single or multiple gene (or genetic locus) analyses based on observed sequence variations from a reference sequence.

Use case development, pilot projects and sample data fittings have confirmed that the Genetic Variation model (as published in the RMIM upon which this document is based) is sufficiently robust to contain “raw” (observation) data from the following Genetic Variation test methodologies:

1 Gene DNA sequencing

2 SNP probe

3 Electrophoritic Capillary Gel

4 Genotyping as a method to identify variants within a gene and/or  gene alleles

5 
 Note, the mechanism provided in the DSTU model to transmit the raw data points from gene array analysis is not supported in the Genetic Variation model, since this is not common in clinical practice or research settings.
Use case development, pilot projects and sample data fittings, have confirmed that the Genetic Variation model (as published in the RMIM upon which this document is based) is sufficiently robust to contain wild type and observed allele specifications, either by a recognized coding scheme, or by a listing of observed variations from wild type. For non-allelic based analyses, the Genetic Variation model is sufficiently robust to directly specify observed base pair and codon changes, as well as insertions and deletions within the locus region(s) being analyzed.

Use case development, pilot projects and sample data fittings have confirmed that the Genetic Variation model (published as a normative standard)
 is sufficiently robust to specify subject phenotypic interpretation, and to drive this interpretation from either:

1 An individual observed variation

2 An entire sequence

3 An allele

4 The gene or genetic locus

5 A combination of genes or genetic loci

The vocabulary developed for phenotypic interpretation in this initial release is primarily based upon the following types of medical use:

1 Cancer somatic mutations

2 Diagnostic and asymptomatic testing of inherited conditions

3 Pharmacogenomic drug metabolism

4 Tissue typing for organ transplantation

The Genetic Variation specification does not provide components for the definition of any sample handling or preparation. Nor is it intended for the specification of large-scale genetic changes (cytogenetics), or of high volume gene expression analysis involving hundreds or thousands of genes.

This specification does not address the transfer mechanism for the Genetic Variation information. The Genetic Variation model is intended for use within HL7 messages to be developed for specific data transmission use cases (see the RCRIM Technical Committee’s CTLABR2 message for one such example in clinical research).

2.4 Design Principles

2.4.1 Design Principles

This specification follows general design principles of HL7 V3 message development, including: 

1. The Genetic Variation model is derived from the HL7 RIM and is specified by a W3C XML schema. 

2. Technical barriers to use of the specification should be minimized.

3. The specification is extensible. Evolution of the data model and terminology should take place as necessary, keeping in mind issues of backward compatibility.

In addition to the above, the Clinical Genomics SIG has followed several additional design principles in the development of this message:

1. Since the genetic testing realm is undergoing considerable growth and expansion of testing and analytic methods, this document rather tightly bounds this initial implementation and its key vocabularies. Many coded values are thus specified as “Coded with Extensions” to allow for additional use cases beyond those considered in the DSTU phase of development. 

2. While HL7 RIM compliant XML is used for most of the model, this ability to embed (or reference) other XML structures for the sequence is provided to allow for “Drop and Play” capability with commercial genetic variation analysis workstations that recognize standard XML types such as BSML.

3. This model does not include all elements recommended by professional organizations for the reporting of clinical genetic tests.  Elements for which there was not a well defined analytical use in clinical decision support are not included.  This design decision was made so that as these are defined and included in the model there would not be lingering legacy elements.
3 General Concepts 

3.1 General Structure of the Genetic Variation Specification
This section serves as a high-level introduction to the major components of the Genetic Variation model, all of which are described again and in greater detail in sections 5 and 6. The intent here is to familiarize the reader with the high-level concepts to facilitate an understanding of the sections that follow. All key terms are defined in the glossary

A Genetic Loci is the lead act within the model, and allows the grouping of several genes or genetic locus regions for analytic purposes. The genetic locus is in many ways similar to a standard laboratory test battery. A Genetic Locus represents a single gene or coding region, and may have its own interpretation. A Genetic Locus is composed of:

· One or more Individual Alleles, which can be related to published or proprietary allele definitions, and which can have an interpretation associated with each allele

· One or more Sequences which can be related to a published or proprietary reference sequence definition in order to identify
· One or more observed Sequence Variations, which may be grouped under an allele definition or stand alone for interpretation

3.2 Relationship of the Genetic Variation Specification to Other HL7 Standards

The Genetic Variation CMET has been incorporated into the CTLAB release 2 message produced by the RCRIM Technical Committee. In that message, it is the result payload for a genetic test being performed as part of a clinical trial. 

ADD SHORT NOTE ON USE IN V2 MESSAGE (MOLLIE)
In the clinical environment, the Genetic Variation model has been incorporated into the z-segment of an HL7 v2 laboratory message.  In that message, it is the payload for the results of a genetic test being performed as part of clinical care.  Currently under development is a message which implements the Genetic Variation model in a HL7 version 2 message (without v3 XML).
A number of HL7 Version 3 standards and artifacts, which are integral to understanding and/or implementation of Genetic Variation, are mentioned in this specification. Copies of all of these are available to HL7 members and authorized licensees. For further information, please contact HL7 headquarters at:

Health Level Seven, Inc.

3300 Washtenaw Ave, Suite 227

Ann Arbor, MI 48104

Telephone: 734-677-7777

Fax: 734-677-6622

E-mail: hq@hl7.org

3.2.1 Reference Information Model (RIM)

The Genetic Variation specification (including its Refined Message Information Model [RMIM], Hierarchical Description and Schema) is based primarily on the HL7 RIM (the latest version available at the time of balloting is used). It uses the HL7 “data types” and vocabulary binding mechanisms built into the RIM. The exception to this rule is the use of the BSML to model the reference and observed sequence information as the “value” of the sequence act.  

The decision to use the RIM as the underlying information model for genetic information necessitates use of HL7 Version 3 terminology and conventions. Representation of concepts using the RIM may involve the interrelationship of a number of “classes”, as well as inclusion of attributes that put the classes in context (e.g., mood code, determiner code). For information about Version 3 and the RIM, see http://www.hl7.org; for more detailed information or for copies of HL7 Version 3 standards, contact Health Level Seven.

Key RIM concepts that are discussed in the Genetic Variation specification include:

· Classes— RIM classes are the people, places, roles, things, and events about which information is kept, as well as the relationships between those. Classes have a name, description, and sets of attributes, relationships, and states. The core RIM classes include Act, Entity, Role, Participation, ActRelationship, and RoleLink. (The root class in the Genetic Variation model is an Act named < GeneticLoci >.) An Entity, playing a Role, Participates in an Act. (For example, an <Organization> playing the Role of <GeneticLaboratory> participates as the <performer> in the <Sequence> Act.) 

· Clones—Classes may be used and re-used multiple times in a RIM-derived model. Class cloning is the creation in any HL7 model (e.g., RMIM) of a class derived from one in a source model (e.g., RIM). Source classes, along with their appropriate attributes, are selected to represent concepts to be included in the new model. The same class may appear multiple times in a model with different names, constraints or “associations” each time. Each of these replicated classes is referred to as a “clone”. A clone can be more tightly constrained than its source class (e.g., use fewer attributes, have more restrictive cardinality on attributes or associations, and/or have a restricted vocabulary domain) but it cannot be more loosely constrained (e.g., a required attribute cannot be made optional). The Genetic Variation model is made up of a number of clones of Acts, Participations, and ActRelationships.

· Attributes—RIM classes have attributes. The value for coded attributes (data type CD or CE) comes from a “vocabulary domain”. Some vocabulary domains exist within HL7 and others are external to HL7.

· Data types— Data types define the structural format of the data carried in the attribute and influence the set of allowable values an attribute may assume. Some data types have very little intrinsic semantic content and the semantic context for that data type is carried by its corresponding attribute. However HL7 also defines quite extensive data types such as one for the person name part, which is provides all the structure and semantics to support a person name. Every attribute in the RIM is associated with one and only one data type, and each data type is associated with zero or many attributes.
In the diagram used to represent an RMIM, each type of RIM class has a defined color and shape. Clones of RIM classes retain the color and shape of the parent RIM class so that their nature and origin can be visually determined.

The RMIM classes become XML Schema types.  The associations (connections) and attributes of these classes become XML elements in the schema.

3.2.2 Data Types

Detailed information about the data types used in the Genetic Variation specification can be obtained from “Data Types – Implementation Technology Specification for XML” (see http://www.hl7.org; for more detailed information or for copies of HL7 Version 3 standards, contact Health Level Seven).

3.2.3 Controlled Vocabulary and Coded Elements

Some vocabulary domains represent “value sets” for coded product labeling components. These domains can include HL7-defined concepts or can be drawn from HL7-recognized coding systems such as LOINC. Vocabulary domains have a coding strength that can be “Coded, No Extensions” (CNE), in which case the only allowable values for the Genetic Variation component are those in the HL7 vocabulary domain; or “Coded, With Extensions” (CWE), in which case values other than those in the HL7 vocabulary domain (such as local codes) can be used if necessary. Every vocabulary domain has a unique HL7-assigned identifier, and every concept within a vocabulary domain has a unique code (mnemonic). A coded FDA labeling component, for example, may constrain its use of an associated vocabulary domain to a stated subset of codes.

3.2.3.1 Use of HL7 vocabulary domains

HL7 vocabulary domains have been used in many places within the Genetic Variation specification.

CLARIFY RELATIONSHIP BETWEEN HL7 DOMAIN AND NCI DOMAIN AND LOINC
Where a coded Genetic Variation component is associated with an HL7-defined vocabulary domain, the standard specifies the coding strength (CWE vs. CNE) and the HL7 vocabulary sub-domain specified as being linked to that attributes references a NCI concept domain with a code, display name, and definition for each concept.
Reporting of genetic tests in structured form will be challenging in the clinical environment, because most vendor applications utilize HL7 v2 messaging and the clinical genomics modeling is being done in HL7 v3.  To address this challenge work is underway that will use LOINC to enhance structure.  This pilot is still in progress and strategy defined below is being tested.  An updated and more detailed description will be included in the next version of this implementation guide.
For clinical genetics reporting LOINC codes will be the content identifiers. LOINC panel codes will provide the structure to group related observation and LOINC observations will identify the values in the message. In the case of discrete observations with data types of  CWE or CNE, or "ID" ,  LOINC will deliver the answers menus (including codes , display text and coding system) and/or formal links to  external code/ Identifier systems  such as  HUGO or RefSeq as specified by the genetic reporting Sig.    LOINC will also create answers items as needed to fill in gaps. The LOINC data base will  include all of this information-- Panel,  observation codes grouped  within panels, and for each observation , descriptions ,data types answer lists and links to large external code and identifier systems --  in one package for implementers  convenience. The  LOINC data base also has a place for an appropriate universal code for all answers listed within the data base. 

 This clinical reporting structure is intended to carry the same payload, "field" by "field", as the structure proposed in this document for reporting research genetics results,, but will use LOINC codes to identify levels of the report that will be identified by tags in the research version.  The use of LOINC codes at both the grouping and the discrete observation level has the advantage that reports so defined  can be delivered through the HL7 version 2.x s messaging infrastructure that is universally available in laboratories today and which (together with LOINC)  is being proposed as a required standard for laboratory reporting by the HITSP committee of the US department of Health and Human services.  The NCI thesaurus carries LOINC codes in their native form; so the use of LOINC is also consistent with many of NCI's strategies.
3.2.3.2 Use of external vocabulary domains

A number of vocabulary domains and coding systems already in existence (e.g., LOINC) may be used to encode concepts in Genetic Variation specification. Vocabulary domains that are not incorporated into HL7 vocabulary domains are referenced as external domains according to HL7 V3 processes. When these are used in the Genetic Variation specification (e.g., when LOINC codes for AssociatedObservation.code are used), they are referenced as external domains in the RMIM model and the XML schema.

Where an externally defined vocabulary domain is used, the standard specifies the coding strength (CWE vs. CNE) for the attribute, and an example of allowable concepts of that domain (with a code, display name, and code system identifier for each concept).

3.2.4 Sending the Genetic Variation Instances in an HL7 Message


3.3 XML Conformance

A conformant XML data file that contains a Genetic Variation instance is one that at a minimum validates against the message’s schema and the Genetic Variation schema, and that restricts its use of coded vocabulary to values allowable within the specified vocabulary domains. However a computer cannot validate many aspects of conformance. The focus of this section is to highlight those aspects of the Genetic Variation specification that cannot be machine validated.

A message originator is an application role that creates a HL7 message. HL7 messages can be created via transformation from some other format, or as a direct output of an authoring application. The message originator often is responsible for communicating with a persistent storage location.  The message originator is responsible for ensuring that the generated message that has embedded within it the Genetic Variation instance is fully conformant to the full message specification.

A message recipient is an application role that receives status updates and messages from a message originator. The message recipient is responsible for ensuring that received message that has embedded within it the Genetic Variation instance is rendered in accordance to this specification.

Because an HL7 message is an exchange standard, there are no persistent storage requirements for HL7 messages that have embedded within them a Genetic Variation instance.

3.3.1 Recipient responsibilities

· Assume default values where they are defined in this specification, and where the instance does not contain a value: Where the Genetic Variation specification defines default values; the recipient must assume these values in the event that no value is contained in the received message. This holds regardless of whether or not the Genetic Variation CMET Schema supplies the recipient with the default values. 

3.3.2 Originator responsibilities

· Properly construct the HL7 RIM and BSML XML elements and attributes: The originator of a message that has embedded within it the Genetic Variation CMET must ensure that the content of the message is structured such that a recipient, adhering to the schema definitions and the recipient responsibilities above, will correctly read the message. 

3.4 Security, Confidentiality, and Data Integrity

Application systems sending and receiving HL7 messages are responsible for meeting any legal requirements for authentication, confidentiality, and retention. For communications over public media (e.g. the internet), cryptographic techniques for source/recipient authentication and secure transport of encapsulated messages may be required, and should be addressed with commercially available tools outside the scope of this standard. 

The Genetic Variation CMET does include confidentiality status information to aid application systems in managing access to sensitive data, if necessary. Confidentiality status may apply to the entire message or to specified acts within the message.

3.5 Markup Extensibility

Non-HL7 RIM markup may be used in one instance within the Genetic Variation model. When specifying the Sequence.value, the BSML may be used. The BSML schema is referenced within the Genetic Variation XML schema and can be used if needed. The current BSML version referenced is release 2.2 with certain constrains to ensure the presence of the subject identity, in line with the Genetic Variation or its wrapper message subject.

3.6 HL7 V3 Context Inheritance

Context inheritance within HL7 Version 3 messages is through use of the context conduction indicator of act relationships and the context control code of participations. Upon entry into the Genetic Variation model, the context (e.g. the subject, specimen, etc. that are the context for the test) is inherited from the point of call in the message, and initially applies to the entire model content. Context change within the Genetic Variation model is restricted to performer participations and authors of related documents. All act relationships have their context conduction indicator defaulted to “True” to allow the propagation of context.

3.6.1 Overview of Genetic Variation Context

The Genetic Variation model’s approach to context, and the propagation of that context to nested message components, follows these design principles established in the HL7 RIM:

· The Genetic Variation model uses the RIM context mechanisms (contextControlCode for Participations; contextConductionInd [context conduction indicator] for ActRelationships), and assigns default values to these attributes to accomplish the design objectives below, thus constraining the RIM context model. 

· The Genetic Variation model calling message extends its context to the GeneticLoci act, and from there also propagates this core context through any ActRelationship for which contextConductionInd=”TRUE”. The Genetic Variation model defaults all context conduction indicators for act relationships to “TRUE”. 

· Context change within the Genetic Variation CMET is restricted to performer and author participations. A Genetic Document (and its related Documents) may specify its own author. The following acts may specify their performer, or inherit their performer from a higher level act:

· GeneticLoci

· GeneticLocus

· Sequence

· IndividualAllele

· SequenceVariation

· Phenotype

· Context propagates from outer tags to nested tags. Context that is specified on an outer tag holds true for all nested tags, unless overridden on a nested tag. Context specified on a tag within the message always overrides context propagated from an outer tag.

4 Use Cases

4.1 Role of Use Cases

4.2 Clinical Practice Use Cases

4.3 More detailed clinical use cases will be provided in the next release of this implementation guide.
4.4 Non-Small Cell Lung Cancer (NSCLC) Drug Responsiveness (gefitinib (Iressa®), erlotinib (Tarceva®), tyrosine kinase inhibitors)
In this use case, a clinical molecular diagnostic laboratory is analyzing the EGFR gene from a tumor biopsy, identifying sequence variations in the tumor, determining if these sequence variations are ‘somatic’ or ‘germline’ by comparison with ‘germline’ DNA, and providing an interpretation indicating if the patient is ‘responsive, ‘resistant’ or ‘negative’ for drug therapy with tyrosine kinase inhibitors for the treatment of non-small cell lung cancer.
The clinical molecular diagnostic laboratory will include the following major acts in this message:

· The Genetic Loci

· The Genetic Loci interpretation code will provide the interpretation for the genetic analysis (e.g. ‘responsive’ or ‘resistant’).

· The Genetic Loci should have an Associated Observation indicating if the test was performed as a ‘somatic’ analysis.  (In the clinical environment, this is not definitively derivable from the specimine. Potential values in this field are ‘somatic’, ‘germline’ and ‘prenatal’.) 
· Genetic Loci should have an Associated Property containing a reference identification to the laboratory database defining the genetic test more completely.
· The Genetic Locus, with a coded value for the “value” indicating the HUGO name for the gene (e.g. EGFR). 
· One to many Sequence Variation acts. 
· Sequence Variation value identifies the variant using HGVS nomenclature standards.
· Sequence Variation interpretation code indicates the phenotypic implications for the particular valiant (e.g. ‘responsive’ or ‘resistant’).

· Each Sequence Variation should have an Associated Observation indicating the zygosity of the variant.
· Each Sequence Variation should have an Associated Observation indicating if the Sequence Variation was ‘somatic’ or ‘germline’.  If the Sequence Variation was found in the DNA derived from cancer cells and not in the germline DNA, then ‘somatic’ is used.  If the Sequence Variation was found in both DNA samples, then ‘germline’ is used.
· Each Sequence Variation should have an Associated Property containing a reference identification to the database defining interpretation, reference sequence from which it is derived, and other associated information.

4.4.1 Warfarin Metabolism

4.4.2 In this use case, a clinical molecular diagnostic laboratory is analyzing the CYP2C9 gene in the Cytochrome P450 gene family, identifying gene alleles of the patient and providing an interpretation indicating if the patient is a ‘low metabolizer’, ‘normal metabolizer’ or ‘high metabolizer’ of Warfarin. 
4.4.3 The clinical molecular diagnostic laboratory will include the following major acts in this message:
· The Genetic Loci
· The Genetic Loci interpretation code will provide the interpretation for the genetic analysis (e.g. ‘low metabolizer’, ‘normal metabolizer’ or ‘high metabolizer’).

· The Genetic Loci should have an Associated Observation indicating if the test was performed as a ‘germline’ analysis.  (In the clinical environment, this is not definitively derivable from the specimine. Potential values in this field are ‘somatic’, ‘germline’ and ‘prenatal’.)
· The Genetic Locus, with a coded value for the “value” indicating the HUGO name for the gene (e.g. CYP2D6).

· The Individual Allele, with a “maternal” and “paternal” pair of nested under the Genetic Locus.
· The Individual Allele interpretation code will provide the interpretation for the individual allele (e.g. ‘low metabolizer’, ‘normal metabolizer’ or ‘high metabolizer’).
·  One to many Sequence Variation acts nested under each allele, the count depending on the gene. Even if a wildtype is being observed, the Sequence Variation acts must be filled in to document the finding of each probe read.
· Each Sequence Variation should have an Associated Observation indicating it is ‘germline’.  
4.5 Clinical Research Use Cases

4.5.1 Blinded Single Gene Sequence Variation Analysis

In this use case, a pharmaceutical company is developing a new drug, and in connection with a biotechnology company has conducted biochemical research that suggests a single gene has variations that may influence the efficacy of the candidate drug. This association is considered proprietary knowledge by the partnership.

During early drug development and in initial human clinical trials, the biotechnology company was able to sequence and analyze the subject DNA specimens, but now that large scale phase three trials are underway, the biotechnology company does not have the specimen logistics handling or sequencing capacity needed. Thus a clinical research central laboratory has been engaged to collect the specimens, perform the sequencing and to send the resulting sequence information to the biotechnology company who will perform the sequence variation analysis and provide to the pharmaceutical company the final interpretation for each subject.

The central laboratory, for each subject/specimen, must create a clinical research genetic result message with the Sequence Variation model as its payload. [Note that specimen collection and handling information may also be included in this message.] The central laboratory will include the following major acts within this message:

· The Genetic Loci, with a generic value for the loci value indicating that the loci contains only a single gene model with the “Study Gene”.

· The Genetic Locus, with a NULL value and a flavor indicating that the sender is blinded to the gene identifier

· The Sequence, with a “maternal” and “paternal” pair of observed sequences nested under the Genetic Locus

The central laboratory will send this message to both the pharmaceutical company and the biotechnology company. Following its analysis and interpretation efforts, the biotechnology company will send to the pharmaceutical company an enhanced message which for the target gene, adds

· The genetic Locus value to identify the gene

· Two Individual Allele acts, which now have an observed sequence nested under each

· Zero to many Sequence Variation acts nested under each allele, the count depending on comparison to the wildtype sequence [Zero Sequence Variation acts by definition being wildtype]

· A new Sequence act which nests under the Genetic Locus and in definition mood defines the reference sequence (which is proprietary)

· Interpretation codes at the Individual Allele and Genetic Locus levels indicating the efficacy phenotype (these too are proprietary] 

4.5.2 Cytochrome P450 Drug Metabolism SNP Probe Analysis

In this use case, a pharmaceutical company is developing a new drug for depression, and based upon early drug development, has determined that variation in 6 genes of the Cytochrome P450 complex can affect the metabolism of the drug. For each gene, only a small number of base pair locations have variation potential that affects the new drugs metabolism, so a SNP probe technology platform has been selected for the genetic analysis. For each gene, these variation points an produce an allele assignment. A clinical trials laboratory will collect the specimens, execute the SNP Probe testing, and provide the interpretation for each gene, and for the suite as a whole. 

Since in some instances, a few patterns of genetic variation could produce biochemical effects that would lead to an adverse response to the drug, the pharmaceutical company wishes to use the genetic test information to exclude subjects from the trial. Thus the specimens are to be collected and analyzed on the first visit of the subject, and the data is not blinded in any way.

The central laboratory, for each subject/specimen, must create a clinical research genetic result message with the Sequence Variation model as its payload. [Note that specimen collection and handling information may also be included in this message.] The central laboratory will include the following major acts within this message:

· The Genetic Loci, with a generic value for the loci value indicating that the loci contains multiple pharmacogenomic drug metabolism genes. The Genetic Loci interpretation code will provide the blended interpretation for the subject as a whole

· The Genetic Locus, with a coded value for the “value” indicating the public domain name for the gene (e.g. CYP2D6). The Genetic Locus interpretation code will provide the interpretation for the contribution of the specific gene

· The Individual Allele, with a “maternal” and “paternal” pair of nested under the Genetic Locus.

·  One to many Sequence Variation acts nested under each allele, the count depending on the gene. Even if a wildtype is being observed, the Sequence Variation acts must be filled in to document the finding of each probe read.

The clinical research central laboratory will send one instance of this message for each screening subject in the clinical trial. It may package multiple instances into one XML data file if the primary message allows this hierarchical structure (e.g. it may send only one file per day in a bulk transmission mode).

5 Genetic Variation Overview

5.1 Genetic Variation Model

A graphical picture of the Genetic Variation model is provided by the RMIM (see 6.3.1 RMIM diagram), the creation of which is the first step in the creation of the XML Schema using HL7 tooling. See 6.3.2 RMIM diagram walk-through for additional technical details about the classes in the Genetic Variation model and their relationships to one another.

Because this model is based on the HL7 RIM and relies on HL7 Version 3 processes in its creation, discussion of the components cannot be separated from references to Version 3 concepts (e.g., classes, clones, entities, roles, participations). As a result, the descriptive text below may contain references to the classes from which elements in the model were derived. See 3.2.1 Reference Information Model (RIM) for discussion of some basic Version 3 concepts. For more detailed background information on these concepts and HL7 processes for model creation, see http://www.hl7.org or contact Health Level Seven.

Associated Data Classes
The sub-sections in the Genetic Variation Model section describe classes that represent the core data of the model such as GeneticLocus or SequenceVariation. A more detailed or related data to these core classes can be described through a generic mechanism of code-value pairs represented by two classes: AssociatedObservation and AssociatedProperty. The basic difference between the two is that an associated property is an integral part of the parent class attributes and consequently doesn't have id, time stamp, method, performer, etc. which are ‘inherited’ from their parent observation. For example, the position, length and type of a sequence variation are AssociatedProperty objects associated with SequenceVariation and could be seen as additional attributes of the SequenceVariation class that cannot be represented using the current set of HL7 attributes of the Act Observation RIM class. An associated observation, in contrast, is an independent observation and associated with its parent class (e.g., copy number of a gene) in various semantic relations (see below).
The associated classes can be in different moods and thus can represent either observed data or definitional data (from a catalog, dictionary, reference database or a knowledgebase).
The Act relationship class that associate each of the classes to its source class has a type Code attribute. In the case of an Associated observation it is set to the ActRelationshipType vocabulary so that any specific type code could be chosen to best describe the relationship to the source act (e.g., component, support, pertain, etc.) As for Associated Property, the type code has been fixed to DRIV to represent the fact that the property was extracted from the source observation but could not be represented by any of its attributes.
Associated Observation Attributes
5.1.1.1.1 Associated Observation classification  

An <AssociatedObservation> is an Act in the HL7 V3 model. Every <AssociatedObservation> has a ‘classCode’, which identifies the type of Act it represents. The value for ‘AssociatedObservation.classCode’ must be drawn from the GEN domain of the ActClass vocabulary domain (a sub-type of “OBS”). 

A sender should not send a document as an associated observation. A separate related act is included in the model for that purpose (see the section about Genetic Document).

5.1.1.1.2 Associated Observation mood

Every <AssociatedObservation> has a ‘moodCode’. Although the <AssociatedObservation> is a highly variable type of act, its “moodCode” value generally going to be either  “EVN” (“Event”), or DEF (“Definition”), depending on whether the data has been observed in the subject (“EVN”) or supporting evidence extracted from a secondary knowledge source (‘DEF”).

5.1.1.1.3 Associated Observation identification

Every <AssociatedObservation> has an optional field that allows the sender to define a unique identifier for the observation. Since a related observation is not necessarily an act identified in an operational system (e.g. a Laboratory Information Management System [LIMS]), this is an optional field. If the ‘id’ attribute is used, its value must conform to the HL7 rules for globally unique instance identifiers.

5.1.1.1.4 Associated Observation type

Every <AssociatedObservation> has a required act type code, ‘code’. This code identifies the type of observation being reported. For example, it specifies the question being asked. The externally defined vocabulary domain for ‘AssociatedObservation.code’ is preferentially drawn from LOINC, if the observation is a true observation about the subject or the execution of a test.  Since not all related observations meet this criterion, the model does not attempt to electronically enforce this vocabulary domain.

5.1.1.1.5 Associated Observation text

Every <AssociatedObservation> has an optional field that allows the sender to specify in free text or multimedia additional information about the observation. 
Note: Although the “AssociatedObservation.text” field has an “ED: data type, it should not be used to encapsulate or reference a document, since the Genetic Document act is provide for this purpose.

5.1.1.1.6 Associated Observation time stamp

Every <AssociatedObservation> has a required ‘effectiveTime’ that identifies the point in time that the observation was made. This date and time should thus be equal to or earlier than the ‘effectiveTime’ of the GeneticVariation as a whole (represented by GeneticLoci.effectiveTime), The attribute ‘effectiveTime’ has a TS data type.

5.1.1.1.7 Associated Observation value

Every <AssociatedObservation> has a required field to specify the observed value, ‘value’. The value holds the actual observation, for example, the answer to the question being asked by the “AssociatedObservation.code”. An answer may take several data types: it may be a numeric result (e.g. a Physical Quantity [PQ] data type), it may be a code (e.g. a Coded value [CD] data type), or it may be a text string (a ST data type). Thus the “AssociatedObservation.value” has a generic data type (ANY) that allows any other HL7 data type to be used as the answer. Note that the exact data type can be chosen at the time of instantiation (‘dynamic typing’).
5.1.1.1.8 Associated Observation method

Every <AssociatedObservation> has an optional coded value field that allows the sender to define the method used to capture, create or obtain the value for the observation. Since many different types of observations could be considered relevant to a genetic variation analysis, no single code system is enforced for the “AssociatedObservation. methodCode”. If the associated observation is a non-genetic biomarker value that supports the interpretation, then a lab test method code could be used, if the observation is from a pathology report, a code for pathology analysis should be used.

5.1.1.2 Associated Property Attributes

5.1.1.2.1 Associated Property classification  

An <AssociatedObservation> is an Act in the HL7 V3 model. Every <AssociatedObservation> has a ‘classCode’, which identifies the type of Act it represents. The value for ‘AssociatedObservation.classCode’ must be drawn from the GEN domain of the ActClass vocabulary domain (a sub-type of “OBS”). 

A sender should not send a document as an associated observation. A separate related act is included in the model for that purpose (see the section about Genetic Document).

5.1.1.2.2 Associated Property mood

Every <AssociatedObservation> has a ‘moodCode’. Although the <AssociatedObservation> is a highly variable type of act, its “moodCode” value generally going to be either  “EVN” (“Event”), or DEF (“Definition”), depending on whether the data has been observed in the subject (“EVN”) or supporting evidence extracted from a secondary knowledge source (‘DEF”).

5.1.1.2.3 Associated Property type

Every <AssociatedObservation> has a required act type code, ‘code’. This code identifies the type of observation being reported. For example, it specifies the question being asked. The externally defined vocabulary domain for ‘AssociatedObservation.code’ is preferentially drawn from LOINC, if the observation is a true observation about the subject or the execution of a test.  Since not all related observations meet this criterion, the model does not attempt to electronically enforce this vocabulary domain.

5.1.1.2.4 Associated Property text

Every <AssociatedObservation> has an optional field that allows the sender to specify in free text or multimedia additional information about the observation. 

Note: Although the “AssociatedObservation.text” field has an “ED: data type, it should not be used to encapsulate or reference a document, since the Genetic Document act is provide for this purpose.

5.1.1.2.5 Associated Property value

Every <AssociatedObservation> has a required field to specify the observed value, ‘value’. The value holds the actual observation, for example, the answer to the question being asked by the “AssociatedObservation.code”. An answer may take several data types: it may be a numeric result (e.g. a Physical Quantity [PQ] data type), it may be a code (e.g. a Coded value [CD] data type), or it may be a text string (a ST data type). Thus the “AssociatedObservation.value” has a generic data type (ANY) that allows any other HL7 data type to be used as the answer. Note that the exact data type can be chosen at the time of instantiation (‘dynamic typing’).
5.1.2 Genetic Loci

The GeneticLoci act is the entry point into the Genetic Variation model. The GeneticLoci act allows the sender to:

· Define the type of variation analysis that produced the results

· Define additional attributes about the GeneticVariation

· Make repeated calls for the GeneticLocus module, which carries the result(s) for each gene/locus analyzed

· Associate a phenotypic interpretation for the subject to the full variation analysis (if multiple genes/loci are analyzed)

· Attach one or more documents to the variation analysis as supporting information or reports 

In addition, the GeneticLoci act allows the sender to specify the 

· Performer (organization) of the variation analysis

· Author (individual) of the analysis results

· Verifier (organization or individual) of the variation analysis.

· Subject of the variation analysis.

5.1.2.1 GeneticLoci Attributes

Information about the Genetic Variation as a whole is defined within the GeneticLoci observation act, and its associated acts, roles and participations..

5.1.2.1.1 GeneticLoci classification

A <GeneticLoci> is an Act in the HL7 V3 model in the sense that it represents the act of observing specific loci along the genome of the associated (or propagated) subject and analyzing their variations. Every <GeneticLoci> has a ‘classCode’, which identifies the type of Act it represents. For the GeneticLoci specification, the value is drawn from the GenomicObservation sub-domain of the ActClass HL7 vocabulary domain and it is fixed to LOC (location) – a sub-type of GEN (genomic) that is a sub-type of OBS (observation). 

5.1.2.1.2 GeneticLoci mood

Every <GeneticLoci> has a ‘moodCode’. Since the <GeneticLoci> can be a carrier for the testing and interpretation results, its “moodCode” value is defaulted to the Event value (“EVN”). The use cases examined during the DSTU phase did treat this act as an EVN, but this is not a requirement. It is possible to set it to RQO (request) and specify the loci that need to be analyzed or variations that need to be detected as part of a genetic test order for example.

5.1.2.1.3 GeneticLoci identification

Every <GeneticLoci> has an optional, globally unique instance identifier, ‘id’ (which is different from the XML element identifier; see the HL7 Data Types specification for more information about use of globally-unique instance identifiers); The ‘GeneticLoci.id’, should remain constant across all variation analysis interpretation revisions that derive from a common original genetic test result. 

Re-analysis of a sequence against an updated gene knowledgebase should carry the same GeneticLoci  ’id’ as the original analysis that produced the sequence. It is an update of the interpretation, not a completely new act. In this case, the update act will carry an effective date later than the original act. 

Variation analysis identifiers (here and in component acts) may be useful in data management, especially management of updates and deletes.
5.1.2.1.4 GeneticLoci type

Every <GeneticLoci> has a required act type code, ‘code’. This code identifies the type of genetic loci being analyzed. For example, a multi-gene Alzheimer’s Disease propensity panel would have a code defining it as such, and would then contain several calls for the GeneticLocus act to define the variation within each gene that contributed to the analysis. The externally defined vocabulary domain for “GeneticLocus .code” is preferentially drawn from LOINC.

NOTE:  The hierarchical relationship among LOINC battery and test codes is in evolution.  This release of  the Genetic Variation model does not assume or require that the LOINC codes used in acts that are children of  GeneticVariation have a LOINC code that nests under the high level ‘GeneticLoci.code’ LOINC code value. 

Every <GeneticLoci> has an optional ‘title’, with a data type of ST that allows free text entry of the human readable title of the variation analysis. The ‘title’ of an analysis should be consistent with the type code, but this release of the GeneticVariation model does not assume or require electronic enforcement of this relationship.
5.1.2.1.5 GeneticLoci negation

Every <GeneticLoci> has an optional field that allows the sender to indicate that a GeneticLoci act is NOT to be performed for a specific reason. The ‘GeneticLoci.negationInd’ is a Boolean that is set to “True” when, for example, a subject in a clinical trial has not yet provided consent to genotype, and the sender wishes to place a positive instance of this negation in the transmission. It also allows the indication that this set of loci (e.g., haplotype) has not been found for the subject (this requires the mood code to be EVN).
5.1.2.1.6 GeneticLoci status

Every <GeneticLoci> has a required act status code, ‘statusCode’. This code indicates if a GeneticLoci is cancelled, completed, or in process (in the latter case, partial results are being reported). The status code can also be used to nullify a prior set of results, when, for example, the prior set were associated with the wrong subject. The value for ‘statusCode’ should be drawn from the ActStatus vocabulary domain.

5.1.2.1.7 GeneticLoci time stamp

Every <GeneticLoci> has a required ‘effectiveTime’ that identifies the point in time that the snapshot of the data was taken. This date and time should thus be equal to or greater than the ‘effectiveTime’ of any sub-analysis or interpretation act. The attribute ‘effectiveTime’ has a TS data type.

5.1.2.1.8 GeneticLoci confidentiality

Every <GeneticLoci> has an optional field that allows the sender to define the confidentiality status through a ‘confidentialityCode’ attribute. A single ‘confidentialityCode’ can be used in the GeneticVariation model that will apply to the entire set of results and interpretations, unless it is oerridden at a lower level. The value for ‘confidentialityCode’ should be drawn from the Confidentiality vocabulary domain. Values other than those in the HL7 vocabulary domain (such as local codes) can also be used if necessary.

Confidentiality of genetic test results is an evolving area, and the Clinical Genomics SIG will maintain the capability of this field’s vocabulary to specify confidentiality as it is defined by AHIC, FDA, HIPAA and/or any other regulatory body as such privacy guidances emerge. 

5.1.2.1.9 GeneticLoci reason

Every <GeneticLoci> has an optional field that allows the sender to define the reason that a GeneticVariation instance is being created through a ‘reasonCode’ attribute. The value for ‘reasonCode’ should be drawn from the ActReason vocabulary domain. Values other than those in the HL7 vocabulary domain (such as local codes) can also be used if necessary.  The ActReason vocabulary domain contains codes for both clinical practice (e.g.  “PHY” for “Physician Request”) and clinical research (e.g. “PPT” for ‘Performed As Per Protocol’) reasons.

Constraint: If the interpretationCode attribute (see below) is populated, then reasonCode shall be populated as well, in order to provide the semantic context for the interpretation.

5.1.2.1.10 GeneticLoci interpretation

Every <GeneticLoci> has an optional field that allows the sender to define one or more interpretations derived from a genetic test whose “raw” data may or may not be included in the message. The interpretationCode should carry a phenotypic interpretation when the interpretation can be expressed as a single (or small number of) short, concise statements that are easily coded. If a more elaborate discussion of the phenotype is required, the Phenotype CMET model should be used (in particular, the Interpretive Phenotype in this CMET is in line with the interpretationCode attribute and allows the representation of a compound clinical statement).

Constraint: If this attribute is populated in a GeneticVariation instance, then reasonCode shall be populated as well to provide the semantic context for the interpretation.

5.1.2.1.11 GeneticLoci method

Every <GeneticLoci> has an optional field that allows the sender to define one or more methods used to perform the variation analysis through a ‘methodCode’ attribute. The value for ‘methodCode’ should be drawn from the ActMethod vocabulary t domain. Values other than those in the HL7 vocabulary domain (such as local codes) can also be used if necessary. The values for “GeneticLoci.methodCode” are intended to be very high level, and of use to the receiver by indicating the type(s) for test methods used in the analysis. (e.g. a genotype chip for 8 genes may be combined with sequence results for two additional genes to produce the overall variation analysis). 

5.1.2.2 GeneticLoci Participants

Possible persons and organizations involved in the creation and review of a set of genetic variation analysis results are associated with <GeneticLoci> as participants (i.e., clones of the Participation class). Participants may include:

· The subject of the variation analysis.
· The variation analysis performers (individual or organization performers).
· The  verifiers of the resulting data.
· The authors of the analysis. 

Participants are capable of and accountable for their independent decisions. 

All of these participants are optional in the GeneticVariation model.  If specified at the GeneticLoci level, any of these participants is assumed to be responsible for the entire set of results and interpretations, unless that participation type is overridden at a lower level (e.g. a new ‘performer’ is specified).

Information about participants is captured by means of clones of several interrelated RIM classes: Participations, Roles, and Entities. In general, an Entity (<Person> or <Organization>) playing a particular Role (in this case, <AssignedEntity>), participates in an Act (e.g., a <GeneticLoci>). It is the Participation clone that identifies the type of participant. The type of <Participation> (e.g., author) is indicated by a code, the ‘typeCode’ attribute on the relevant Participation class clone. While the nature of the participation may be suggested by the XML element name, the ‘typeCode’ values are the definitive indication.

5.1.2.2.1 Author

Genetic Analyses and Reports can be authored by one or more individuals. The GeneticVariation model provides for optional identification of variation analysis authors.

· Information about the author is captured by means of a Participation clone that links the <GeneticLoci> to the <Person> and <Organization> through the <AssignedEntity> CMET. The value for ‘typeCode’ which is drawn from the ParticipationType vocabulary domain and which describes the nature of the participation is AUT.

The ‘R_AssignedEntity” CMET allows the identification of a role that authored the variation analysis, the person who filled that role and the author’s organization. The details of this CMET may be obtained from the HL7 V3 Common Domains specifications.

5.1.2.2.2 Performer

Genetic Variation Analyses and Reports can be performed by one or more individuals. With laboratory work, it is more common to provide the performer than an individual author. The GeneticVariation model provides for optional identification of variation analysis performers.

Information about the performing organization is captured by means of a Participation clone that links the <GeneticLoci> to the <Organization> through the <AssignedEntity> CMET. The value for ‘typeCode’ which is drawn from the ParticipationType vocabulary domain and which describes the nature of the participation is PRF.

The ‘R_AssignedEntity” CMET allows the identification of a role that performed the variation analysis, the organization who filled that role. The details of this CMET may be obtained from the HL7 V3 Common Domains specifications.

5.1.2.2.3 Verifier

In some use cases there may be a requirement to capture a verifier of the variation analysis content, or some portion of its content (e.g. the interpretation of the subject’s phenotype). The GeneticLoci act provides for optional identification of verifiers.

Information about the verifier is captured by means of a Participation clone that links the <GeneticLoci> to the <Person> and <Organization> through the <AssignedEntity> CMET. The value for ‘typeCode’ which is drawn from the ParticipationType vocabulary domain and which describes the nature of the participation is VRF.

The ‘R_AssignedEntity” CMET allows the identification of a role that verified the variation analysis, the person who filled that role and the author’s organization. The details of this CMET may be obtained from the HL7 V3 Common Domains specifications.

5.1.2.2.4 Subject

The GeneticVariation model is intended for use as the payload for a domain HL7 message such as a lab message. However, until a more robust set of HL7 V3 messages are available, an implementer may decide to implement the model as a stand alone message. In this case, the GeneticLoci act provides for optional identification of a subject. None of the use cases examined during the DSTU phase used the subject participation, and it is not discussed in detail in this implementation guide. 

5.1.2.3 Genetic Loci Report Documents

The GeneticVariation model enables the explicit linkage of supporting or summary documents to the overall variation analysis. The nature of the relationship is captured by the code value “DOC” assigned to the typeCode attribute on the documentation ActRelationship clone.

5.1.2.3.1 Genetic Document classification

A <GeneticDocument> is an Act in the HL7 V3 model. Every <GeneticDocument> has a ‘classCode’, which is set to DOC (drawn from the ActClass HL7 vocabulary domain ) representing a document or a clinical document (if its sub-type DOCCLIN is assigned). For the Related Document act, the value is value is defaulted to the Clinical Document value (“DOCCLIN”). To indicate the exact type of document, it is possible to use the code attribute and assign it with a code that represents a genetic summary report for example.

5.1.2.3.2 Genetic Document mood

Every <GeneticDocument> has a ‘moodCode’. Since the <GeneticDocument> is a supporting item for a GeneticVariation instance, its “moodCode” value indicates that the document is an analysis definition supporting document (with a Definition [“DEF”] mood code) or a document that supports the analysis (with a Event [“EVN”] mood code.

5.1.2.3.3 Genetic Document ID

Every <GeneticDocument> has one or more optional, globally unique instance identifiers ‘id’ that uniquely identifies the document instance. It also has another id attribute ‘setId’ which remains constant across all revisions of the document that pertains to the genetic variation instance. 

A report on the re-analysis of a sequence against an updated gene knowledgebase should carry a different Genetic Document ’id’ than that of the original analysis that produced the sequence. It is not a correction to the original interpretation, not a completely new report. In this case, the new report act will carry an effective date later than the original report. It is possible to associate the re-analysis report to the original report through the relatedDocument ActRelationship that associate the Genetic Document class to itself. The typeCode attribute could be set to codes drawn from the HL7 ‘x_ActRelationshipDocument’ vocabulary, e.g., ‘APND’ stands for an addendum document to the original document (note that in such case both documents has the same id in the setId attribute).

5.1.2.3.4 Genetic Document type

Every <GeneticDocument> has a required act type code, ‘code’. This code identifies the type of report being referenced. The vocabulary domain for ‘GeneticDocument. code’ is the HL7 DocumentType domain. The value for ‘GeneticReportDocument.code’ should be drawn from the DocumentType vocabulary domain. Values other than those in the HL7 vocabulary domain (such as local codes) can also be used if necessary.

Every <GeneticDocument> has an optional ‘title’, with a data type of ST that allows free text entry of the human readable title of the report. The ‘title’ of a report should be consistent with the type code, but this release of the GeneticVariation model does not assume or require electronic enforcement of this relationship.

5.1.2.3.5 Genetic Document text
Every < GeneticDocument > has an optional ‘text’ attribute data type (ED) that can embed the entire document in the Genetic Variation instance. In cases where the document is not embedded inline and the GeneticDocument.id is not used to identify the document, the text attribute could also be used as  a pointer that may be a file name (with or without a folder structure) if the file is accompanying the message in its wrapper, or it may be a URL that can retrieve the file from the Internet. For detailed description of this reference component, look at the ED (Encapsulated Data) data type description of the HL7 V3 foundation.


5.1.2.3.6 Genetic Document status

Every <GeneticDocument> has a required act status code, ‘statusCode’. This code indicates if a document is cancelled, completed, or in process of being created. The status code can also be used to nullify a prior document version, when, for example, the prior document were associated with the wrong subject. The value for ‘statusCode’ should be drawn from the ActStatus vocabulary domain

5.1.2.3.7 Genetic Document time stamp

Every <GeneticDocument> has a required ‘effectiveTime’ that identifies the point in time that the version of the document contained in the act became effective. The attribute ‘effectiveTime’ has a TS data type.

5.1.2.3.8 Genetic Document version number

When a <GeneticDocument> has been updated/revised and is being re-sent as part of a transmission, the sender may wish to indicate that this is a new version of the document. The <GeneticDocument> has an optional ‘versionNumber’ that contains an integer number that indicates the document version. Note that all versions have to have the same id value assigned to their ‘setId’ attribute.

5.1.2.4 Genetic Loci Associated Property

5.1.2.5 A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.
5.1.2.6 Genetic Loci Associated Observation
A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


5.1.2.6.1 


5.1.2.6.2 

5.1.2.6.3 

5.1.2.6.4 
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5.1.2.6.8 

5.1.3 Genetic Locus

The GeneticVariation model enables the explicit linkage of variation analysis results for one or many individual genes (or non-coding genetic locus) to the overall analysis. The nature of the relationship is captured by means of the ‘geneticLocus.typeCode’ attribute on the ActRelationship clone. The value for ‘typeCode’ is locked as “COMP”, since a GeneticLoci instance is composed of one or more gene (genetic locus) result sets.

5.1.3.1 Genetic Locus

A genetic locus is a single gene, or a contiguous set of genetic base pairs, which may or may not contain coding and non-coding regions. As such, it is a natural information unit within the GeneticVariation model. 

The GeneticLocus act is a “backbone” act for the GeneticVariation model, and from it, one can get to the “raw” data (sequence, probe values, etc.) about the gene/locus, the significant variations from wild type noted within that gene/locus, the allelic interpretation of that variation, and finally, if available at the gene/locus level, a phenotypic interpretation. 

5.1.3.1.1 Genetic Locus classification

A <GeneticLocus> is an Act in the HL7 V3 model. Every <GeneticLocus> has a ‘classCode’, which identifies the type of Act it represents. The value for ‘GeneticLocus.classCode’ is locked to the value “LOC” (“locus”).

5.1.3.1.2 Genetic Locus mood

Every <GeneticLocus> has a ‘moodCode’. Since the <GeneticLocus> is a carrier for the genotype results (e.g. sequence and significant variation), its “moodCode” value is defaulted to the Event value (“EVN”). All use cases examined during the DSTU phase did treat this act as an EVN, but this is not a requirement.

5.1.3.1.3 Genetic Locus identification

Every <GeneticLocus> has an optional, globally unique instance identifier, its ‘id’. The ‘GeneticLocus.id’, should remain constant across all GeneticVariation (allele or phenotype) interpretation revisions that derive from a common original genetic sequence or suite of genotype probe/array results. 

Re-analysis of a sequence against an updated gene database should carry the same GeneticLocus  ’id’ as the original analysis that produced the sequence. It is an update of the interpretation, not a completely new act. In this case, the update act will carry an effective date later than the original act.
Note, in order to capture a Genetic Locus id within a reference database use the Genetic Locus value field.
5.1.3.1.4 Genetic Locus type

Every <GeneticLocus> has a required act type code, ‘code’. When defining a chromosomal DNA locus, this code identifies the genetic locus as a gene, or as a arbitrarily defined locus. The externally defined vocabulary domain for ‘GeneticLocus.code’ is preferentially drawn from LOINC.


Note: When defining a DNA region in a virus, or when defining other genetic material types 

(e.g. mitochondrial DNA), other values will be used. All use cases examined during the DSTU 

phase were based upon human chromosomal DNA.

If additional description of the gene is needed beyond the code and its associated attributes the Genetic Locus Associated property act (see section 5.1.3.3) can be used to carry additional codes, text or encapsulated/referenced documents.

5.1.3.1.5 Genetic Locus negationInd


Every < GeneticLocus> has an optional field that allows the sender to indicate that locus analysis act is NOT present. The ‘GeneticLocus.negationInd’ is a Boolean that is set to “True” when, for example, a subject in a clinical trial has not yet provided consent to genotype, and the sender wishes to place a positive instance of this negation in the transmission. It also allows the indication that the locus (e.g., gene) has not been found for the subject (this requires the mood code to be EVN).

5.1.3.1.6 Genetic Locus status

Every <GeneticLocus> has a required act status code, ‘statusCode’. This code indicates if a genetic locus variation analysis is cancelled, completed, or in process (in the latter case, partial results are being reported). The status code can also be used to nullify a prior set of results, when, for example, the prior set were associated with the wrong subject. The value for ‘statusCode’ should be drawn from the ActStatus vocabulary domain.
5.1.3.1.7 Genetic Locus time stamp

Every <GeneticLocus> has a required ‘effectiveTime’ that identifies the point in time that the snapshot of the data was taken. This date and time should thus be equal to or greater than the ‘effectiveTime’ or any sub-analysis or interpretation act. The attribute ‘effectiveTime’ has a TS data type.

5.1.3.1.8 Genetic Locus confidentiality

Every <GeneticLocus> has an optional field that allows the sender to define the confidentiality status through a ‘confidentialityCode’ attribute. The value for ‘confidentialityCode’ should be drawn from the Confidentiality vocabulary domain. Values other than those in the HL7 vocabulary domain (such as local codes) can also be used if necessary.

The Genetic Locus act rests in an intermediate position within the GeneticVariation model. If a confidentiality level has been set within the GeneticLoci act, then the genetic Locus, as a component of that act, inherits the confidentiality level and need not specify the same level. If a specific Genetic Locus needs a more stringent confidentiality level, a new value for ‘confidentialityCode’ can be set at the locus level. This ‘confidentialityCode’ value will apply to the entire set of results and interpretations for that locus, unless it is overridden at a lower level.

Confidentiality of genetic test results is an evolving area, and the Clinical genomics SIG will maintain the capability of this field’s vocabulary to specify confidentiality as it is defined by AHIC, FDA, HIPAA and/or any other regulatory body as such privacy guidances emerge.

5.1.3.1.9 Genetic Locus value

Every <GeneticLocus> has a required field to specify the ‘value’. In practice, this form that this value will take depends upon the value of the “GeneticLocus.code”.  When the Genetic Locus is a gene, the ‘value’ should be an instance identifier and/or a coded value type, and represent a ID and/or a code for the gene as drawn from a recognized genomics database (e.g. a GeneBank ID and HUGO name).

When the Genetic Locus is a not a gene, the ‘value’ may still be an instance identifier and/or a coded value type, and represent a ID and/or a code for a portion of a gene or genetic locus that has been defined within and can be drawn from a recognized genomics database (e.g. an OMIM number for a specific phenotypic locus).

When the locus is not easily defined by reference to a well accepted source, then the ‘value’ may have several repeat instances to fully define the locus in question. At its simplest, a single contiguous locus could be defined as a text string (‘ST’ datatype) with a value such as ‘22q13.1’ as a location for the CYP2D locus. 

In clinical research, a newly defined gene may be considered proprietary information, and in a message carry information (e.g. SNP probe results), about such a gene, the “GeneticLocus.value” may be NULL, and a Null Flavor used to indicate the reason.

5.1.3.1.10 Genetic Locus interpretation

Every <GeneticLocus> has an optional field that allows the sender to define one or more interpretations about the gene or locus being described in this instance of the Genetic locus. The interpretationCode should carry a phenotypic interpretation when the interpretation can be expressed as a single (or small number of) short, concise statements that are easily coded. If a more elaborate discussion of the phenotype is required, the Phenotype CMET model should be used (in particular, InterpretivePhenotype in this CMET is in line with the interpretationCode attribute and allows the representation of a compound clinical statement).

5.1.3.1.11 Genetic Locus method

Every <GeneticLocus> has a required field that allows the sender to define the method used to read the genetic locus through a ‘methodCode’ attribute. The value for ‘methodCode’ should be drawn from the ActMethod vocabulary domain. Values other than those in the HL7 vocabulary domain (such as local codes) can also be used if necessary. The values for “geneticLocus.methodCode” are intended to be very high level, and of use to the receiver by indicating the child acts that are likely to be populated in the locus variation analysis. Thus, a method of “DNA Sequence” indicates that the “Sequence” act will be populated.


5.1.3.2 Genetic Locus Participants

The performer of a genetic locus variation analysis is associated with the <GeneticLocus> as a participant. (This is based on the fact that, in accordance with the RIM, a clone of the Participation class is used to indicate this relationship.). 

The performer is an optional participant within the Genetic Locus model for two reasons.  One, if a performer was specified at the GeneticLoci level, this performer is inherited by each GeneticLocus under the GeneticVariation instance, and need not be re-specified. 

Two, if several organizations participated in the GeneticLocus variation analysis, then each child act of the Genetic Locus should have its own performer. This, in a clinical research clinical trial, a central laboratory may receive the collected specimen and perform the sequence act, but pass the information from this act to a biotechnology company who perform the significant variation act and observed clinical phenotype act against a proprietary database. In this case, the Genetic Locus has no performer, but the three acts each have a performer.

Information about participants is captured by means of clones of several interrelated RIM classes: Participations, Roles, and Entities. In general, an Entity (<Person> or <Organization>) playing a particular Role (in this case, <AssignedEntity>), participates in an Act (e.g., a <GneeticLocus>). It is the Participation clone that identifies the type of participant. The type of <Participation> (e.g., performer) is indicated by a code, the  ‘typeCode’ attribute on the relevant Participation class clone. While the nature of the participation may be suggested by the XML element name, the ‘typeCode’ values are the definitive indication.

5.1.3.2.1 Genetic Locus performer

Information about the performing organization for a GeneticLocus variation analysis is captured by means of a Participation clone that links the <GeneticLocus> to the <Organization> through the <AssignedEntity> CMET. The value for ‘typeCode’ which is drawn from the ParticipationType vocabulary domain and which describes the nature of the participation is PRF.

The ‘R_AssignedEntity” CMET allows the identification of a role that performed the variation analysis, the organization who filled that role. The details of this CMET may be obtained from the HL7 V3 Common Domains specifications.

5.1.3.3 Genetic Locus Associated Property

A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


5.1.3.4 Genetic Locus Associated Observation
A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


An example associated observation for a gene or genetic locus would be the specification of the chromosome the gene or genetic locus is located on. A second example would be the number of allowable alleles for a gene (with a few clinical indications such as Down’s Syndrome, three alleles are allowed). In both of these cases, since the information does not fully define the gene or genetic locus, the ActRelationshipType code would be “PERT”.

A third example is to use this act to point (e.g. via a web URL) to the full definition of the gene or genetic locus. In this case, the ActRelationshipType code would be “DRIV”, since the gene or genetic locus definition can be completely derived from the content of the associated property. Other examples include zygosity, copy number and gene family. 
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5.1.3.6 Genetic Locus Sequence

The <Sequence> act can be linked directly to the <GeneticLocus> act via a component act relationship. Since a sequence is most often associated with an allele, it more commonly linked to that act. Please see section 5.1.4 for a discussion of the<Sequence> act.

5.1.3.7 Genetic Locus Sequence Variation

The <SequenceVariation> act can be linked directly to the <GeneticLocus> act via a component act relationship. Since a sequence variation most often specified in support of an allele, it more commonly linked to that act. Please see section 5.1.5 for a discussion of the<SequenceVariation> act.   

5.1.3.8 Genetic Locus Phenotype

5.1.3.9 The GeneticLocus class is associated with the Phenotype CMET developed by the HL7 Clinical Genomics group as a DSTU model and described in a separate document, currently not under ballot.
5.1.4 Individual Allele

5.1.4.1 Individual Allele

5.1.4.1.1 Individual Allele classification

An <IndividualAllele> is an Act in the HL7 V3 model. Every <IndividualAllele> has a ‘classCode’, which identifies the type of Act it represents. The value for ‘IndividualAllele.classCode’ is locked to the value “SEQVAR” (“bio sequence variation”), since an allele classification is shorthand for a recognized pattern of sequence variation from wildtype. In the future, a class code specific to allele definition will be available.

5.1.4.1.2 Individual Allele mood

Every <IndividualAllele> has a ‘moodCode’. Since the <IndividualAllele> is a carrier for one allele’s results (e.g. the allele classification plus its supporting sequence and significant variations), its “moodCode” value is defaulted to the Event value (“EVN”). All use cases examined during the DSTU phase did treat this act as an EVN, but this is not a requirement.

5.1.4.1.3 Individual Allele identification

Every <IndividualAllele> has an optional, globally unique instance identifier, its ‘id’. The ‘IndividualAllele.id’, should remain constant across all variation analysis (allele plus sequence variation and/or sequence) interpretation revisions that derive from a common original genetic sequence or suite of genotype probe/array results. 

Re-analysis of a sequence against an updated gene database should carry the same IndividualAllele  ’id’ as the original analysis that produced the sequence. It is an update of the interpretation, not a completely new act. In this case, the update act will carry an effective date later than the original act.

5.1.4.1.4 Individual Allele negation

Every <IndividualAllele> has an optional field that allows the sender to indicate that an allelic analysis act is NOT present. The ‘IndividualAllele.negationInd’ is a Boolean that is set to “True” when , for example, a subject in a clinical trial has not yet provided consent to genotype, and the sender wishes to place a positive instance of this negation in the transmission. It also allows the indication that the allele has not been found for the subject (this requires the mood code to be EVN). 

5.1.4.1.5 Individual Allele text

Every <IndividualAllele> has the option to include one encapsulated data item. This unstructured data may be carried as a text string within the “text” attribute, or it may be a pointer to an electronic source: e.g. a file name with or without a folder structure if the file is accompanying the message in its wrapper, or a URL that can retrieve the information from the Internet. 

The “text” attribute is the preferred way to provide an allele assignment when the allele definitions for that gene are not available in a coded value set. A report or an unstructured text string that defines the assigned allele for the gene can be included here. I the document supports a coded allele value, that document should be attached using the Associated property act.

5.1.4.1.6 Individual Allele status

Every <IndividualAllele> has a required act status code, ‘statusCode’. This code indicates if an allelic analysis is cancelled, completed, or in process (in the latter case, partial results are being reported). The status code can also be used to nullify a prior set of results, when, for example, the prior set were associated with the wrong analysis or subject. The value for ‘statusCode’ should be drawn from the ActStatus vocabulary domain.

5.1.4.1.7 Individual Allele time stamp

Every <IndividualAllele> has a required ‘effectiveTime’ that identifies the point in time that the observation was made. This date and time should thus be equal to or earlier than the ‘effectiveTime’ of the Genetic Locus as a whole, The attribute ‘effectiveTime’ has a TS data type.
5.1.4.1.8 Individual Allele value

Every <IndividualAllele> has an optional coded value field (the “IndividualAllele.value”) that allows the sender to assign the allele to a pre-defined allele type for that gene. Many different databases and published sources may be the reference for a gene allele definition. In addition, in clinical research novel genes and alleles may be a proprietary research target. Thus no single code system is enforced for the “IndividualAllele.value”. 

If a code is used in the “IndividualAllele.value”, then the “IndividualAllele.text” field should be used only for human readable presentation (and not machine readable values).
5.1.4.1.9 Individual Allele interpretation

Every <IndividualAllele> has an optional field that allows the sender to define one or more interpretations about the allele being described in this instance of the Individual Allele. The “IndividualAllele.interpretationCode” should carry a phenotypic interpretation when the interpretation can be expressed as a single (or small number of) short, concise statements that are easily coded. If a more elaborate discussion of the phenotype is required, the ObservedClinicalPhenotype act that is pertinent information about the allele should be used. When the observed allele is the wild type, the sender should explicitly reference the wild type allele code in the “IndividualAllele.interpretationCode” field rather than sending only variant allele types.

Note that a phenotypic interpretation may be assigned to each allele in a heterozygous pair, with the final (dominant or blended) phenotype being set at the Genetic Locus level. 
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5.1.4.2 Individual Allele Participants

5.1.4.2.1 Individual Allele Performer

Information about the performing organization for an individual allele analysis is captured by means of a Participation clone that links the <IndividualAllele> to the <Organization> through the <AssignedEntity> CMET. The value for ‘typeCode’ which is drawn from the ParticipationType vocabulary domain and which describes the nature of the participation is PRF.

The ‘R_AssignedEntity” CMET allows the identification of a role that performed the analysis, the organization who filled that role. The details of this CMET may be obtained from the HL7 V3 Common Domains specifications.

The individual allele performer need be specified only if several organizations were involved in the analysis, and the performer who assigned the allele values is different than the performer of other co-equal acts off the genetic locus (i.e. the sequence and sequence variation acts). If one performer executed all acts, then the performer can be set at the Genetic Locus level and inherited by all its children.

5.1.4.3 Individual Allele Associated Property

A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


An example associated 

property for a individual allele would be a clarification that the allele code that is the value represents a definition where the gene has been fully deleted. Such a connection is integral to the allele definition, not the observed variation (which may record a deletion much larger than the gene coding region). 

A second example would be to reference an internet URL where the allele definitions for a gene are located. Thus to use the Cytochrome P450 Allele Nomenclature Committee’s website, the URL http://www.cypalleles.ki.se/ would be an encapsulated value for the associated property.
Note, for clinical reporting it is recommended to define the sequence variations identified (and that are used to set a value for the allele). This is done for long-term maintenance of clinical utility and validity of the data.   As the field matures, it is envisioned that an id referencing a public repository for these definitions will be available (see section 9).

5.1.4.4 Individual Allele Associated Observation

A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


An example of an associated observation would be dominancy


.
5.1.5 Sequence

The sequence act and its associated acts and performers is most used in connection with the individual allele act, where it can specify the reference and/or observed gene or genetic sequences. For non-gene analyses, the sequence may be linked to a genetic locus directly, so as to avoid having any Individual Allele act in the model.

The sequence act is a component of either the Genetic Locus or Individual Allele acts, and its act relationship is hardcoded to “COMP”.

The sequence act is used whenever a continuous section of genetic material (DNA, or RNA values used to reconstruct the DNA sequence) is the subject of the genetic variation analysis. When spot point probes or arrays are being used, the observed values should be modeled in the Sequence Variation act (see below, section 5.1.5).

5.1.5.1 Sequence

5.1.5.1.1 Sequence classification

A <Sequence> is an Act in the HL7 V3 model. Every <Sequence> has a ‘classCode’, which identifies the type of Act it represents. The value for ‘Sequence.classCode’ is locked to the value “SEQ” (“Sequence”), a act class code created specifically for genetic sequence analysis.

5.1.5.1.2 Sequence mood

Every <Sequence> has a ‘moodCode’. Since the <Sequence> is most often used for the observed sequence,  its “moodCode” value is defaulted to the Event value (“EVN”). However, when the <Sequence> is used to carry the reference, wildtype sequence, its “moodCode” value should be set to “DEF”.

5.1.5.1.3 Sequence identification

Every <Sequence> has an optional, globally unique instance identifier, its ‘id’. The ‘Sequence.id’ for a wildtype definition sequence should be an ID from a recognized gene definition database (e.g. a HUGO accession number, where the ‘id’ root identifies the HUGO database and the extension is the accession number). When the sequence value is for the observed sequence, the ‘id’ is optional. If available, it will generally be assigned by the performing laboratory’s LIMS system.

5.1.5.1.4 Sequence type

Every <Sequence> has a required act type code, ‘code’. This code identifies the type of sequence being reported. For genetic testing a small suite of codes are used to indicate the type of genetic sequence being sent. The ‘Sequence.code’ should specify if an observed or reference sequence is contained in the act.


5.1.5.1.5 Sequence text

The <Sequence> act has the option to include encapsulated data as its result value. Since the ‘sequence.value’ also allows encapsulated data, the ‘Sequence.text’ field should be used when a report is carrying the sequence value, or a URL reference is being made to a gene definition database (e.g. HUGO, OMIM, etc.) The “text” attribute is thus the preferred way to provide the sequence variation results when the performing lab (or biotechnology company) is not able to produce structured data for genetic analyses, and has provided a report to document its findings. 

The encapsulated data option may carry data in other structured formats, but if BSML is used to describe the sequence, this XML encapsulation should occur in the ‘sequence.value’ value.

5.1.5.1.6 Sequence time stamp

Every <Sequence> has a required ‘effectiveTime’ that identifies the point in time that the observation was made. This date and time should thus be equal to or earlier than the ‘effectiveTime’ of the Genetic Locus as a whole, The attribute ‘effectiveTime’ has a TS data type.

When the sequence being described is the observed sequence, the ‘effectiveTime’ should specify the date and time that the sequencing laboratory work was completed and the sequence was thus available for analysis and interpretation. When a reference sequence is being described, the ‘effectiveTime’ should specify the date and time that the reference sequence was copied from its source. 

5.1.5.1.7 Sequence reason

Every <Sequence> has an optional field that allows the sender to define the reason that a Sequence instance is being created through a ‘reasonCode’ attribute. The value for ‘reasonCode’ should be drawn from the ActReason vocabulary domain. Values other than those in the HL7 vocabulary domain (such as local codes) can also be used if necessary.  The ActReason vocabulary domain contains codes for both clinical practice (e.g.  “PHY” for “Physician Request”) and clinical research (e.g. “PPT” for ‘Performed As Per Protocol’) reasons.

5.1.5.1.8 Sequence value

The <Sequence> act has the option to include encapsulated structured data as its result value. This structured data should be carried in the ‘Sequence.value’. During the DSTU pilot phase, the BSML was used to embed the sequence specification for both observed and reference sequences within the HL7 RIM compliant XML. The use of other XML structures is possible in the field, but no other XML types were used during the DSTU phase, and the Genetic Variation schema does contain a reference for the BSML schema to facilitate its use.

An overview of the BSML structures useful in sequence definition is provided in section 5.3. 

5.1.5.1.9 Sequence interpretation

Every <Sequence> has an optional field that allows the sender to define one or more interpretations about the Sequence being described. The “Sequence.interpretationCode” should only be used if the sequence is directly linked to the Genetic Locus, and no Individual Allele act is available to base a phenotypic interpretation off of the allele type.

Note that when a phenotypic interpretation is assigned at the sequence level, then in a heterozygous pair the final (dominant or blended) phenotype will be set at the Genetic Locus level. 

5.1.5.1.10 Sequence method

Every <Sequence> has an optional field that allows the sender to define the method used to read the genetic sequence through a ‘methodCode’ attribute. The ‘Sequence.method’ field should be used when an observed sequence is being reported. It need not be used when  reference sequence is being reported.

The value set for  “sequence.methodCode” is contained within the XXX domain of the HL7 actMethod table, although extensions are allowed to accommodate new methods in this evolving field.

5.1.5.2 Sequence Associated Property

A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


An example of an associated property would be the type of molecule being sequenced (e.g., DNA, RNA).

Given the use of BSML as a structured data encapsulated value within the sequence act itself, it is recommended that all sequence associated property values be placed in the BSML structure if possible, so they are available to genetic workstations that use BSML in a “drop and play” mode. During the DSTU no sequence associated properties were created that could not fit within a BSML structure, so no further guidance is provided for this act.

5.1.5.3 Sequence Associated Observation

A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


An example of an associated observation would be whether this sequence is a known sequence or novel.
Given the use of BSML as a structured data encapsulated value within the sequence act itself, it is recommended that all sequence related observations values be placed in the BSML structure if possible, so they are available to genetic workstations that use BSML in a “drop and play” mode. During the DSTU no sequence related observations were created that could not fit within a BSML structure, so no further guidance is provided for this act.

5.1.6 Sequence Variation

The sequence variation act and its associated acts and performers are used to report a sequence variation regardless of method of detection (dbSNP probe panel, gene variation array, or actual sequencing).  It may also be used in connection with the sequence act, when the sender wishes to document the significant genetic variations observed in an analysis of a sequence.  In either case, the suite of variations may be associated with (be a component of) an individual allele, or of the Genetic Locus as a whole in a non-allelic analysis.
Many sequence variation observations may be included, for the component relationship between Sequence Variation and any parent act is always zero to many.

5.1.6.1 Sequence Variation

5.1.6.1.1 Sequence Variation classification

A <SequenceVariation> is an Act in the HL7 V3 model. Every <SequenceVariation> has a ‘classCode’, which identifies the type of Act it represents. The value for ‘SequenceVariation.classCode’ is locked to the value “SEQVAR” (“bio sequence variation”), since an sequence variation being noted in an analysis is documenting a finding of variation from wildtype.

5.1.6.1.2 Sequence Variation mood

Every <SequenceVariation> has a ‘moodCode’. Since the <SequenceVariation> is normally documenting an observed variation from wildtype, its “moodCode” value is defaulted to the Event value (“EVN”). All use cases examined during the DSTU phase did treat this act as an EVN, but this is not a requirement.

5.1.6.1.3 Sequence Variation identification

Every <SequenceVariation> has an optional, globally unique instance identifier, its ‘id’. The ‘SequenceVariation.id’, should remain constant across all variation analysis messaging that is based upon a wildtype definition at one point in time. Thus the initial message, and updates to that original message should use the same ‘id’ value.    
Re-analysis of a sequence (or probe result set) against an updated gene definition database should carry different Sequence Variation ’id’ values from the original variation analysis. This is a new analysis instance, with it own performer and an effective date later than the original analysis act.  It may also have been put to different use than the original, and hence both may need to be available. As an example, in clinical trial research the initial suite of variations may have been used as part of the decision to enroll a subject in the trial, while a later re-analysis, representing a better sense of the subject’s genotype, may have been used as part of the analysis of that’s subject’s drug metabolism propensity.   
Note, in order to capture a Sequence Variation id within a reference database use the Sequence Variation value field.

5.1.6.1.4 Sequence Variation negation

Every < SequenceVariation> has an optional field that allows the sender to indicate that a variation analysis act is NOT present. The ‘SequenceVariation.negationInd’ is a Boolean that is set to “True” when , for example, a subject in a clinical trial has not yet provided consent to genotype that specific variation, and the sender wishes to place a positive instance of this negation in the transmission. It also allows the indication that the variation has not been found for the subject (this requires the mood code to be EVN).


5.1.6.1.5 Sequence Variation type

Every <SequenceVariation> has a required act type code, ‘code’. This code identifies the type of observation being reported. In essence, it specifies the question being asked. The externally defined vocabulary domain for ‘AssociatedObservation.code’ is preferentially drawn from LOINC. For genetic testing a small suite of codes are used to indicate the type of genetic change observed (e.g. “Coding SNP Change”, Point Deletion”, “Codon Deletion”, etc.).  The electronic reader thus has foreknowledge of the form the value will take.


5.1.6.1.6 Sequence Variation text

The <SequenceVariation> act has the option to include encapsulated data as its result value. This unstructured data may be carried as a text string within the “text” attribute, or it may be a pointer to an electronic source: e.g. a file name with or without a folder structure if the file is accompanying the message in its wrapper, or a URL that can retrieve the information from the Internet. The “text” attribute is the preferred way to provide the sequence variation results when the performing lab (or biotechnology company) is not able to produce structured data for genetic analyses, and has provided a report to document its findings. In this case, since several variations may be noted on one report, the “SequenceVariation.code” value should indicate that a full analysis report is being provided.

The encapsulated data option may carry data other than a full variation report, but during the DSTU pilot phase this was the only use case examined that used this option.

5.1.6.1.7 Sequence Variation time stamp

Every <SequenceVariation> has a required ‘effectiveTime’ that identifies the point in time that the observation was made. This date and time should thus be equal to or earlier than the ‘effectiveTime’ of the Individual Allele or Genetic Locus as a whole, The attribute ‘effectiveTime’ has a TS data type.

5.1.6.1.8 Sequence Variation value

Every <SequenceVariation> has an optional field to specify the observed value, ‘value’. In essence, this value is documenting the observed variation from wildtype and its type must match that of the question being asked by the “SequenceVariation.code”.  In most instances, a sequence variation should be described using the HGVS nomenclature: e.g. “c.1562G>A” where:

·  

· 
· “.c” indicates the type of reference sequence used ( here, c = coding DNA sequence)
· “1562” indicates the base pair position within the reference sequence (custom or public) used in the analysis
· “G>A” indicates the observed change at that position 

To reference HGVS Nomenclature standards, go to http://www.hgvs.org/mutnomen/.


For situations where the observed variation can not be adequately described in a short text value, the “SequenceVariation.value” has a data type of “Any”, hence [aAn answer may take several data types: it may be a numeric result (e.g. a Physical Quantity [PQ] data type), it may be a code (e.g. a Coded value [CD] data type), or it may be a text string (a ST data type. The “SequenceVariation.value” should not use the ED datatype, since the “SequenceVariation.text” field (see 5.15.1.5 above) is provided for the use of embedded text and documents.

5.1.6.1.9 Sequence Variation interpretation

Every <SequenceVariation> has an optional field that allows the sender to define one or more interpretations based on the variation being described in this instance of the Sequence Variation.  The “SequenceVariation. interpretationCode” should be used only if the single variation has definitive interpretive value. If several variations must be considered, the interpretation should be placed on the Individual Allele or Genetic Locus act that contains the Sequence Variations.

When used, the “SequenceVariation.interpretationCode” should carry a phenotypic interpretation when the interpretation can be expressed as a single (or small number of) short, concise statements that are easily coded. If a more elaborate discussion of the phenotype is required, the ObservedClinicalPhenotype act that is pertinent information about the sequence variation should be used. 

5.1.6.1.10 Sequence Variation method

Every <SequenceVariation> has an optional coded value field that allows the sender to define the method used to capture, create or obtain the value for the observation. In most instances, a sequence variation is defined by a process of comparison to a wildtype definition in some database or published source. The method code should thus be drawn from a new vocabulary domain still under development.
5.1.6.2 Sequence Variation Participants

5.1.6.2.1 Sequence Variation Performer

Information about the performing organization for a sequence variation analysis is captured by means of a Participation clone that links the <SequenceVariation> to the <Organization> through the <AssignedEntity> CMET. The value for ‘typeCode’ which is drawn from the ParticipationType vocabulary domain and which describes the nature of the participation is PRF.

The ‘R_AssignedEntity” CMET allows the identification of a role that performed the analysis and the organization or individual who filled that role. The details of this CMET may be obtained from the HL7 V3 Common Domains specifications.

The sequence variation analysis performer need be specified only if several organizations were involved in the genetic analysis, and the performer who determined the significant variation values is different than the performer of other co-equal acts off the genetic locus (i.e. the sequencing act). If one performer executed all acts, then the performer can be set at the Genetic Locus level and inherited by all its children.

5.1.6.3 Sequence Variation Associated Property

A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


Examples of associated properties would be the position, length and type of variation. Other 


examples of associated properties for a sequence variation would be the specification of the amino acid change produced by the change of a coding SNP value in a codon or the classification of a genetic change as being somatic or germ line in a tumor specimen. 
In the example of a coding SNP change leading to a change in the amino acid, the “associatedProperty.value” would be a text string conforming to the HGVS nomenclature, e.g. “p.Gly719Ser”, where:

· 
· “.p” indicates the change type (here, a protein change)

· “719” indicates the codon position within the sequence 
· “Gly” indicates the amino acid produced by the reference sequence at that codon position (Glycine)

· “Ser” indicates the amino acid produced by the variant type observed at that codon position (Serine)


To reference HGVS Nomenclature standards, go to http://www.hgvs.org/mutnomen/.
5.1.6.4 Sequence Variation Associated Observation

A general description of this associated class as well as a walkthrough of its attributes can be found at the beginning of the Genetic Variation Model section.


The sequence variation act can specify that particular variation from wild-type has been observed in the subject’s genetic material, but it is common that additional information about that variation is available and is relevant to the analysis and interpretation process. 




5.2 Clinical Phenotype Model

The GeneticLocus class is associated with the Phenotype CMET developed by the HL7 Clinical Genomics group as a DSTU model and described in a separate document, currently not under ballot.
5.3 Bioinformatics Sequence Markeup Language

The use of the Bioinformatics Sequence markup Language to describe a genetic sequence will be discussed in a later version of this document.

6 Genetic Variation Technical Specification

6.1 Contents

The technical specification consists of three representations of the Genetic Variation model:

· RMIM – a Visio diagram of the model

· Hierarchical Description (HD) – a graphical representation of the model

· Schema – an XML entity

6.2 Use of XML Schemas

An XML “schema” is a specification or set of constraints for a class of documents
. There are several schema languages available with varying ability to express constraints. This release of the Genetic Variation specification uses the World Wide Web Consortium (W3C) Schema Language as the basis for the HL7 schema that is the primary expression for the Specification. In this document, “schema” or “Schema” refer to any schema, whether W3C Schema, DTD or alternate schema. The normative Genetic Variation schema describes the style of XML. Genetic Variation instances are valid against the Genetic Variation schema and may be subject to additional validation. There is no prohibition against multiple schema languages (W3C, DTD, RELAXNG, etc.), as long as conforming instances are compatible.

The Genetic Variation specification is specified by the Genetic Variation schema, which is defined as an XML entity. This schema incorporates the HL7 Version 3 Data Types schema, and the HL7 vocabulary schema.

A Genetic Variation document references the Genetic Variation schema (POCG_MT000011UV).

The element <Genetic Loci> is the root element of a Genetic Variation document. 

HL7 Methodology

Note:  A number of HL7 Version 3 standards and artifacts, which are integral to understanding and/or implementation of Genetic Variation, are mentioned in this specification. Copies of all of these are available to HL7 members and authorized licensees. For further information, please contact HL7 headquarters at:

Health Level Seven, Inc.

3300 Washtenaw Ave, Suite 227

Ann Arbor, MI 48104

Telephone: 734-677-7777

Fax: 734-677-6622

E-mail: hq@hl7.org

HL7 V3 methodology and tooling were used in the development of this specification.

Document variation analysis, regulatory requirements, and review of regulatory policy documents were used to help define requirements for the drug product labeling document. These requirements were used to build the specification (including the necessary vocabulary).

The Genetic Variation Schema is generated from the Genetic Variation Refined Message Information Model (RMIM) (see 6.3 Genetic Variation RMIM). The RMIM is a Unified Modeling Language (UML) representation of all the data requirements for the Genetic Variation specification. It structures those requirements in accordance with HL7 methodology principals, which include the requirement that all classes be derived from (be "clones" of) classes in the HL7 Reference Information Model (RIM). A Visio-based tool is used to generate the RMIM diagram using a design repository containing the RIM.

The RMIM is serialized to create a listing of the classes and attributes in such a way that the relationships among them is preserved, and a hierarchy is created (the Hierarchical Description [HD]).

Using the HL7 XML Implementation Technology Specification (ITS), the HMD is converted to an XML schema.  (The HL7 XML ITS is the specification of the common rules for converting any HL7 HMD to XML.) Some additional hand-crafting of the Genetic Variation Schema is also necessary.

Note: 

The HL7 XML ITS includes rules for creation of XML element names from classes and attributes in the RMIM. For example, many RIM attributes become XML elements in the schema. In addition, some element names in the schema may differ slightly from the corresponding RMIM name. See the XML ITS for a detailed explanation of the element creation and naming rules for HL7 schemas. For additional information, see http://www.hl7.org or contact Health Level Seven.

See also the appendix for a table that shows the translation between Genetic Variation RMIM class names and Genetic Variation Schema element names.

Attributes that have default values in the RMIM (e.g., determinerCode, typeCode, contextControlCode, contextConductionInd), which become fixed values in the XML Schema need not be included in the instance document. However, attributes that have default values and are Mandatory (e.g., classCode, moodCode) must be included in the instance document. (See 6.3.2 RMIM diagram walk-through for additional discussion about default values.)

The Genetic Variation schema package contains a number of schemas:

· The Genetic Variation Schema, which incorporates the special handcrafted schema for ‘text’

· The HL7 Version 3 Data Types Schema (an XML implementation of the abstract data type specification already in use by the CDA and the HL7 Version 3 message specifications).

· HL7 Version 3 Vocabulary schema

The schema distribution package contains a number of additional schemas (including the RIM classes), based on the HL7 decision to include all possible supporting schemas in the schema package for each message type.

The following HL7 artifacts, tools, and versions were used in the construction of this standard:

· HL7 Reference Information Model, version 2.16

· XML Implementation Technology Specification (ITS), HL7 V3, version 2.20
· Visio R-MIM Stencils, version 4.11
· RoseTree, version 4.07
6.3 Genetic Variation RMIM

The Genetic Variation RMIM is a subset of the RIM that includes a fully expanded set of class clones, attributes and relationships that are used to create Genetic Variation documents (see 6.3.2 RMIM diagram walk-through for details about reading an RMIM). 

6.3.1 RMIM diagram

An image of the RMIM is included below. In addition, the ballot document package containing this document, also contains separate files with both the jpeg image and the HL7 Visio diagram (see POCG_RM000011.jpg and POCG_RM000011.vsd).

Insert Diagram Here

6.3.2 RMIM diagram walk-through

This section describes the Genetic Variation model from the perspective of the RMIM diagram and provides additional information to aid in reading and interpreting the diagram. (See 5 for an overview of the model.)

Some of the discussion in this section includes concepts specific to HL7 Version 3 modeling (such as clones, and playing and scoping roles) – for more information on that, http://www.hl7.org or contact Health Level Seven. See also 3.2.1 Reference Information Model (RIM).

The section is organized by the RIM classes from which the Genetic Variation classes were cloned, in the following order – Act, Role, Entity, arrow classes (ActRelationship, Participation).

The RMIM diagram is generated using a Visio-based HL7 tool. It may include a number of technical details for each class, including:

· Clone name – The Local Name is the name that appears on the diagram and is carried through to the schema; however, naming conventions may alter the name to conform to camelCase convention..

· Attributes – Name, data type, coding strength (CNE or CWE), cardinality, value (may be default value and/or name of HL7 vocabulary domain), note (in parentheses) about what the attribute is used to represent in this model. If both the HL7 vocabulary domain and a default value are included, the default value is in quotation marks.

Cardinality expresses the minimum and maximum number of occurrences of a class or attribute. The convention used for expressing cardinality is:

· 0..1 (optional, 0 or 1)

· 0..* (optional, 0 to many)

· 1..1 (required, 1 only)

· 1..* (required, 1 or more)

Note:  The concept of cardinality in HL7 artifacts (RMIMs, HDs) is distinct from the XML concept. Cardinality is integrally related to the expression of default values for RIM attributes. For example, if an attribute has a default value, it is not necessary to send that value in an instance – if no value is sent, the receiver of the instance must assume that the default value applies. (If there is only one possible value, that value is the default value.) However, if the attribute is designated as Mandatory (e.g., as classCodes are), the value must always be sent in the instance. In the XML schema that is generated from the HD, the HL7 cardinality is translated to XML cardinality according to rules set out in the HL7 XML ITS. If an attribute is required (but not Mandatory) and has a default value, the cardinality in the RMIM and HD will be 0..1 or 0..* (the lower cardinality is 0 because the value does not have to be sent) – in the XML schema, the cardinality will be 1..1 or 1..*. If an attribute is required but has no default value, the cardinality in both the RMIM/HD and the XML schema will be 1..1 or 1..*. For additional information about use of cardinalities and defaults in HL7 artifacts, see the XML ITS and the Conformance chapter of Version 3 (go to http://www.hl7.org or contact Health Level Seven).

For example, a review of the <Document> class (which is an Act clone) in the RMIM diagram will show:

· Local Name is Document

· ‘classCode’ = DOC (document)

· ‘moodCode’ = EVN (event)

· ‘id’ – Data type is SET<II> and cardinality is 1..1

· code – Data type is CE, coding strength is CWE, cardinality is 1..1, vocabulary domain is DocumentType
· ‘title’ – Data type is ST, cardinality is 0..1

· ‘effectiveTime’ – Data type is TS, cardinality is 1..1

· ‘availabilityTime’ – Data type is TS, cardinality is 0..1, used to capture the release date of product labeling

· ‘confidentialityCode’ – Data type is CE, coding strength is CWE, cardinality is 0..1, vocabulary domain is ConfidentialityByAccessKind)

· ‘languageCode’ – Data type is CS, coding strength is CNE, cardinality is 0..1, vocabulary domain is HumanLanguage
· ‘setId’ – Data type is II, cardinality is 0..1

·  ‘versionNumber’ – Data type is INT, cardinality is 0..1

In the Visio Design Tool, some details are viewable that do not appear in the printed copy of the diagram. See also Error! Reference source not found. Error! Reference source not found., which is a graphical representation of all of the technical details of the model. For details about the data types, see the HL7 Data Types specification (go to http://www.hl7.org or contact Health Level Seven).

The content of vocabulary domains mentioned in this specification is available from the Data Models link on the HL7 web site (http://www.hl7.org), either as HTML files in the Reference Information Model section or as part of the design repository under Applications. Vocabulary domains can also be viewed in the HL7 tooling (Visio tool or Rose Tree.)

When RIM classes are cloned, there are certain core attributes that help define the clone – these include ‘classCode’ and ‘code’. The value for ‘classCode’ for each clone is a single default value and the allowed values for ‘code’ further qualify the ‘classCode’.

The following standard HL7 vocabulary domains are used for the class clones:

· ActClass – Source of the ‘classCode’ for all Act clones

· ActCode – Source of the ‘code’ for all Act clones

· ActMood – Source of the ‘moodCode’ for all Act clones

· ActConfidentiality – Source of the ‘confidentialityCode’ for all Act clones

· RoleClass – Source of the ‘classCode’ for all Role clones

· RoleCode – Source of the ‘code’ for all Role clones

· EntityClass – Source of the ‘classCode’ for all Entity clones

· EntityCode – Source of the ‘code’ for all Entity clones

· EntityDeterminer – Source of the ‘determinerCode’ for all Entity clones

· ActRelationshipType – Source of the ‘typeCode’ for all ActRelationship clones

· ParticipationType – Source of the ‘typeCode’ for all Participation clones

The Detailed Walkthrough of the Sequence Variation model with example XML data structures will be provided in the next release of this implementation guide.

7 BioInformatics Sequence Markup Language

7.1 BSML Encapsulation of an Sequence in the GeneticVariation CMET

The Overview of and Detailed Walkthrough of the BSML XML elements and attributes with example XML data structures will be provided in the next version of this implementation guide.
8 Genetic Variation COntrolled Vocabularies

The Overview of and Listing of the Clinical Genomics SIG recommended vocabularies will be provided in the next vesrion of this implementation guide.

9 Emerging Related Standards and Public Knowledgebases
As the structured reporting of clinical genetics in the electronic health record and clinical trials environment is an emerging area, this section will list related efforts that are a work in progress and will serve as future knowledgebases leveragable by this model.
The Overview of and Listing of these related standards and public knowledgebases will be provided in the next version of this implementation guide.
9.1 


� Terminology note: The term “document type” is ambiguous. In XML, “document type” is typically equated with DTD, “document type definition” or schema. In the RIM, “document type” is equated with the type code of a document (such as the code for a “Prescription Drug Label” or a “Discharge Summary”). This specification uses “schema” when referring to XML document types and uses “document type codes” when referring to the type code of a document, and avoids the phrase “document type”.





�DNA change doesn't necessarily result in amino acid change or detectible biochemical change


�do we need to change this comment


�Previous section 4.1 moved  into section 3


�It’s currently fixed to DRIV. See my comment on the Associated Observation description. 


�See my previous comments on this issue.


�See my comment on the associated observation class of genetic loci.


�Would recommend removing, as this might be mixing locus, reference sequence and sequence variation informtion.


�Need to validate that these values are correct.





