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Disclaimer

This will not be comprehensive!



http://www.nationalacademies.org/hmd/Activities/Quality/LearningHealthCare.aspx

http://www.ghinnovates.org/wp-content/uploads/2012/08/LearningHealthGraphic.Feature.jpg
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http://www.mayomedicallaboratories.com/test-updates/attachment.php?id=43252
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• Data must be discrete, 
normalized, and unambiguous

• Knowledge must be computable



Standards Needed for Clinical Genomics

• Data Standards
– Genetic data (observed result)
– Test metadata

• Process Standards
– Variant & haplotype interpretation
– Genotype-phenotype translation rules

• Terminology Standards
– Coded results and interpretations
– Molecular phenotype

• Message/Interface Standards
– Reporting



Standards Development
• SDOs

– HL7, CDISC
• Government

– ONC, FDA
• Consortia

– CPIC, GA4GH
• Academia

– Research Networks
• eMERGE, ClinGen

– Individual Researchers

Formal

Informal or 
Semi-Formal

Formal or 
Semi-Formal

Semi-Formal



Genotype

Diplotype

Molecular Phenotype

Clinical Significance

rs1142345:  T/T,
rs1800460:  C/T

TPMT *1/*3B

Intermediate Metabolizer

Adjust dose when treated 
with mercaptopurine

Data

Knowledge

Action

PGx Guidelines:  Translating Data to Action



Data

Knowledge

Action

Agenda:
Standards for Genomic Data and Knowledge

Variant Representation:  GA4GH, ClinGen Allele Registry

Variant Annotation:  ACMG, ClinGen VCI

Translation Tables & Phenotypes:  CPIC

EHR Integration:  HL7





©2018 MFMER  |  slide-11

Genomic Knowledge Standards

GKS aims to develop, adopt, and adapt standards to enable the 
exchange of genomic knowledge

• Establish framework of standards that lower barriers to 
translating genomic knowledge into clinical practice

• Reusing existing knowledge is essential to future impact
• Knowledge repositories are a key component
• Collaborate with other SDOs on harmonized specifications
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Genomic Knowledge Standards

Variant Representation
• Driver Project priorities => Work Stream goal

• Create a standard model for computer readable variant 
representation (definitional)

• Simple variants (VMC)
• v 1.0 by Q4 2018
• Peer-reviewed publication

• Complex variants (structural, CNV, imprecise ends)
• v 0.1 by Q4 2018



©2018 MFMER  |  slide-13

Variant Modelling Collaboration (VMC)

Participants:  GA4GH, HL7, ClinGen, NCBI, SO, EBI, Ensembl
Goal:  to develop a technical specification for representing and 

communicating biological sequence variation
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VMC 1.0

Focus:  variation that is defined by alleles — assertions of a 
specific sequence at precise locations on a sequence

Entities: Sequence, Location, Allele, Haplotype, Genotype

• Terminology
• Information Model

– Minimalistic, use as part of a given use case
• Machine-readable schema definition



https://reg.clinicalgenome.org

ClinGen Allele Registry

Key problem for variant identification and integration:

There are different ways to describe the same variations using HGVS expressions

Indels are defined differently using HGVS expressions

● Reference sequence (RF1): ACTGTCGTG

● ACTGTCGTG -> RF1:c.4_6delGTC

● ACTGTCGTG -> RF1:c.5_7delTCG

● ACTGTCGTG -> RF1:c.6_8delCGT

● Alternate sequence: ACTGTG

Slide courtesy of Ronak Y Patel



https://reg.clinicalgenome.org

How can ClinGen Allele registry help?
Resolves and provides identity to allele

Allele registry provides services to match needs of wide variety of audience

Variant interpreter/curator:

1. Search using HGVS

2. Get identifiers if not 
registered in the registry

> 650 million variants are already registered, so likely the variant you are looking for is already registered and have a 
canonical allele identifier

Slide courtesy of Ronak Y Patel



How can ClinGen Allele registry 
help?
Resolves and provides identity to allele

Single Allele view

Canonical allele identifier
Gene

Identifiers and links 
outs to various 
resources
ClinVar, dbSNP, ExAC, 
gnomAD, COSMIC, 
myVariant.Info

Genomic HGVS

Transcript HGVS

Amino-acid 
HGVS

Slide courtesy of Ronak Y Patel
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How can ClinGen Allele registry help?
Help integrate variant annotations from various resources

● Simple, well-documented REST-APIs [Backward compatible]

● Simple GET/PUT/POST requests make it easy to integrate

● Pathogenicity Calculator/Variant curation Interface/Data exchange

ClinGen Pathogenicity Calculator

CIViC

ClinGen Variant Curation Interface

ClinVar
MyVariant.info

Slide courtesy of Ronak Y Patel



"By adopting and leveraging next-generation sequencing, clinical laboratories are now 
performing an ever-increasing catalogue of genetic testing spanning genotyping, single 
genes, gene panels, exomes, genomes, transcriptomes, and epigenetic assays for genetic 
disorders. By virtue of increased complexity, this shift in genetic testing has been 
accompanied by new challenges in sequence interpretation. In this context the ACMG 
convened a workgroup in 2013 comprising representatives from the ACMG, the Association 
for Molecular Pathology (AMP), and the College of American Pathologists to revisit and 
revise the standards and guidelines for the interpretation of sequence variants."

May 2015
PMID 25741868



2015 ACMG Guidelines: Structured Variant Data

PMID 25741868, Supplemental Data

Disease ContextVariant Nomenclature
(Definition)

Variant Classification
(Causative?)

Standardized terminology and criteria for variant classification



2015 ACMG Guidelines:  Evidence Framework

PMID 25741868
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ClinGen Variant Curation Interface Landing Page

Login

email helpdesk to 
register

Explore demo version

curation.clinicalgenome.org

Slide courtesy of Selina S. Dwight



The Variant Curation Interfaces rely on ClinGen Allele Registry and ClinVar IDs for 
aggregating evidence and supporting manual curation of individual variants

ExAC
gnomAD

dbSNFP

ClinVar

PAGE 
(GGV)

MyVariant
.info

MyGene.
info

Ve!P
ClinGen 
Allele 

Registry

The API feature of the ClinGen 
Allele Registry is used to 
identify the correct variant 
during manual curation

External evidence about a 
variant is aggregated & 
displayed via API through the 
use of unique variant IDs

Slide courtesy of Selina S. Dwight



Interpretation Mode

ACMG criteria appear alongside relevant 
evidence categories

Ability to evaluate criteria at strength or 
modified strength 

Criteria bar indicates status of each 
criterion (Met, Met at Modified strength, 
Not Met, Not evaluated)

Pathogenicity calculated “on the fly” 
according to ACMG rules Slide courtesy of Selina S. Dwight
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• CPIC guidelines are designed to help clinicians 
understand HOW available genetic test results should 
be used to optimize drug therapy.
– Not WHETHER tests should be ordered.

• Key Assumption:
– Clinical high-throughput and pre-emptive genotyping will 

become more widespread.
– Clinicians will be faced with having patients’ genotypes 

available even if they did not order test with drug in mind.



CPIC Informatics Working Group
• Growing interest in informatics aspects of CPIC guidelines 

and clinical implementation of pharmacogenetics 
• Goal: To support the adoption of the CPIC guidelines by identifying, 

and resolving where possible, potential technical barriers to the 
implementation of the guidelines within a clinical electronic 
environment.

• Working group leaders
– Bob Freimuth (Mayo Clinic) 
– James Hoffman (St. Jude)
– Michelle Carrillo (PharmGKB)

Slide courtesy of James Hoffman



CPIC Informatics Working Group:  
Initial Focus 

• Create comprehensive translation tables from genotype to 
phenotype to clinical recommendation for CPIC guidelines 
– Define structure and process to efficiently develop and maintain 

in the most useful format(s)
– Publish as part of CPIC guidelines

Genotype

Phenotype

Recommendation



CPIC Translation Tables: Allele Function to Phenotype
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Slide courtesy of K. Caudle

The Need for Term Standardization



CPIC Phenotype Term Standardization Project

Purpose:
• To standardize phenotype terms in the CPIC guidelines and 

harmonize terms with external groups (e.g., ClinGen, IOM, etc.)
– Allele functional status terms

• Low, absent, high, intermediate
– Phenotype

• UM, EM, IM, PM 

Genet Med. 2016 Jul 21.  PMID: 27441996



PGx in LOINC and SNOMED CT
LOINC LOINC Component
50956-2 HLA-B*57:01
57979-7 HLA-B*15:02
79711-8 HLA-B*58:01
79712-6 HLA-A*31:01

79713-4 TPMT gene product metabolic activity 
interpretation

79714-2 CYP2C19 gene product metabolic 
activity interpretation

79715-9 CYP2D6 gene product metabolic activity 
interpretation

79716-7 CYP2C9 gene product metabolic activity 
interpretation

79717-5 CYP3A5 gene product metabolic activity 
interpretation

79718-3 UGT1A1 gene product metabolic activity 
interpretation

79719-1 DPYD gene product metabolic activity 
interpretation

79720-9 CYP2B6 gene product metabolic activity 
interpretation

79721-7 CYP4F2 gene product metabolic activity 
interpretation

79722-5 SLCO1B1 gene product functional 
interpretation

Answer ID Answer (CPIC Phenotype Term)
LA6576-8 Positive
LA6577-6 Negative

LA10315-2 Ultrarapid metabolizer
LA25390-8 Rapid metabolizer
LA25391-6 Normal metabolizer
LA10317-8 Intermediate metabolizer
LA9657-3 Poor metabolizer

LA25392-4 Increased function
LA25393-2 Normal function
LA25395-7 Decreased function
LA25394-0 Poor function
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• Develops international standards 
for transfer of clinical and 
administrative data between 
software applications used by 
healthcare providers and clinical 
systems

• Examples
• v2/v3 messaging
• CDA, CCD
• Arden Syntax
• FHIR

• > 60 work groups
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HL7 Clinical Genomics Work Group

• Goal: to facilitate the development of common standards for the 
exchange of clinical and translational information related to an 
individual’s genomic data and family health history, and (its linkage to) 
relevant clinical information

• Organizational perspectives (not exclusive)
• Academic medical centers, hospitals
• Genomic testing labs
• Public data repositories and knowledge-bases serving as references 

to clinical genetics/genomics
• Translational research programs??
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v3
 Family History 

(Pedigree)

 Genetic Variations

 Gene Expression

 CMETs defined by the 
Domain

v2
 Implementation 

Guides

Genetic Variation (Fully 
LOINC-Qualified 
Genetic Variation 
Model)

Laboratory Results 
Interface (LRI)

CDA
 Implementation 

Guide for Genetic 
Testing Reports

Common:

 Domain Analysis Models for the various topics
 A Domain Information Model describing the common semantics
 Semantic alignment among the various specs

FHIR STU3
 Sequence Resource
 Profiles:

Genetic Observation
DiagnosticReport
ProcedureRequest
HLA Reporting
Family member 
history for genetics 
analysis

HL7 Clinical Genomics Working Group
Overview of Activities
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Standards Development

• Define domain
• Define use 

cases and 
requirements

Motivation

• Evaluate existing 
standards

• Gap analysis
• Define scope of new
• Develop draft spec
• Ballot (vote)
• Reconciliation
• Approval

Development

• Implementation

Adoption
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Standard Development – Take Home Points

• Driven by real-world use cases and implementations
• Standards are developed by those that show up

• Nearly all participants are volunteers
• Robust standards require diverse expertise

• Domain SMEs, modeling, technical
• Clinical, academic, industry, government

• Standards are not perfect or perfectly comprehensive
• Gaps in structure and/or content
• Collaborate to extend, don't create Yet Another Standard
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