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• Engage the clinical genomics community in data sharing 

efforts (sharing of data from genetic testing labs) 

 

• Develop the infrastructure and standards to support curation 

of the knowledge about the role of genes and genetic 

variants in human diseases 

 

• Incorporate machine-learning approaches to speed the 

identification of clinically relevant variants 
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www.clinicalgenome.org 



Variants in ClinVar  
(mostly from Diagnostic Genetic Testing) 
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Variant frequency profile in normal 

population 

Cancer-predisposing variants 

Evidence code PM1: mutational hotspot 
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BRCA1 APC 

Collating information about variants from 

public sources 



Reproductive organ cancer 

Integumentary system cancer 

Gastrointestinal system cancer 

Respiratory system cancer 

Original disease data 

Inferred higher-level terms 

Gene:TP53 

Ontology traversal to collate variants linked 

to related disease conditions 
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RDF: Resource Description Framework  

19 

Example:  

Metastatic brain tumor pathway 
• Originally: metadata data model describing web 

resources 

 

• Web resource = anything identifiable by a URL 

 

• Subject-predicate-object expressions 

     (related to classical entity-property-value) 

 

• Subject = anything identifiable by a URL /  URI 

 

• Expression = edge in a “Knowledge Graph” 

 

• Wkipathways “serializes” biological pathway 

data as RDF  



RDFs: RDF Schema  
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Example:  

classification of body fluids 

• subClassOf – the subject is a subclass of a class 

 

• subPropertyOf – the subject is a subproperty of a 

property 

 

• domain – domain of the subject property 

 

• range - range of the subject property 

Uses RDF to express data model (data schema) 

 

Some RDFs predicates: 



OWL: Web Ontology Language  
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Example: “ontology traversal”  

to annotate variants  

to more general disease categories 

• Uses RDF to express to describe 

taxonomies and classification networks 

 

• Defines the structure of knowledge for 

various domains 



Some Linked Data projects  
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“RDF-like graphs”: 

 

•  Facebook Social Graph -- Open Graph API 

• Google Knowledge Graph / Vault 

• WikiData 

 

RDF graphs: 

 

• data.gov 

• Bio2RDF 

• Bioontologies / Bioportal -- RDF, RDFs, OWL 



What is Linked Open Data?  
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Linked RDF Standards 

24 

1999-2014   RDF, RDFs, OWL  -- graph syntax and semantics 

 

2014    JSON-LD -- JSON -- data format for RDF graphs 

 

Feb 26 2015   Linked Data Platform 1.0 – HTTP operations 
 

• Use URIs as names for things 

 

• Use HTTP URIs so that people can look up those names 

 

• When someone looks up a URI, provide useful information, 

  using the standards (RDF*, SPARQL)  

 

• Include links to other URIs, so that they can discover more  

  things 
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Use Case #1: Discovering “match” patterns  

Neighboring 
genes in 

pathway graph 

Neighboring 
diseases in a 

disease ontology 



Use Case #2: Discovering  

Recurrent Mutually Exclusive (RME)  

mutational patterns in cancer 
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Hallmark phenotypes of cancer  

are acquired by positive selection 

(Hanahan and Weinberg, Cell 2001 and 2011) 
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Recurrent mutually exclusive mutational patterns 

identified in key glioblastoma pathways 
  

Comprehensive genomic characterization defines human glioblastoma genes and core 

pathways TCGA Research Network, Nature 455, 1061-1068 (2008) 
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Aristotle’s Zoology: either horns or tusks 

…[Aristotle] believed that nature was economical and gave no animal too 

many gifts, observing that no animal possessed both horns and tusks  

Acquired capability of animals: defense 

Horns Tusks 



Discovering recurrent mutually  

exclusive patterns 

 

Genes altered by mutations 
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Discovering recurrent mutually  

exclusive patterns 

(Hanahan and Weinberg, Cell 2001 and 2011) 
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Can key modules / pathways  

be discovered  

based on  

RME patterns alone 

? 

 
(Miller CA et al. BMC Med Genomics. 4(1):34 2011) 
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RME algorithm applied to glioblastoma TCGA 

collection (145 samples)  

Rediscovered modules 

within all 3 pathways in 

glioblastoma  

reported by the TCGA 

Research Network, 

Nature 455, 1061-

1068 (2008). 

(Miller CA et al. BMC Med Genomics. 4(1):34 2011) 
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RME algorithm applied to glioblastoma TCGA 

collection (145 samples)  

Activation by acetylation 

(Miller CA et al. BMC Med Genomics. 4(1):34 2011) 

               Role in                 

                Glioblastoma? 
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Effect of EP300 expression  

on grade-independent and age-independent  

survival in glioblastoma 

(Miller CA et al. BMC Med Genomics. 4(1):34 2011) 
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Use Case #2: Discovering  

Recurrent Mutually Exclusive (RME)  

mutational patterns in cancer 
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Step 1: Identify variants associated with a specific phenotype (cancer) 

> Disease ontology traversal 

 

Step 2: Find groups of genes that form RME pattern 

 

Step 3: Examine connectedness of the genes within pathways/networks 

> Evaluate pattern of connectedness within networks or pathways 
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Conclusion 
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The Web of hyperlinks (Web 1.0, 2.0) has greatly amplified 

the impact of the Human Genome Project 

 

The Web of Linked Data (Web 3.0) will enable creation of a 

computable Clinical Genome Knowledge Base to inform  

• Clinical interpretation of genomic variation 

• Pattern discovery leading to new hypotheses 
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