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The Human Phenotype Ontology (HPO)



• Phenotypic abnormality = clinical feature

• Constellation / Pattern of phenotypes / clinical features defines a disease:

Why phenotypes matter ?

… is a rare developmental disorder defined by the combination of 
aplasia cutis congenita of the scalp vertex and terminal transverse 
limb defects. In addition, vascular anomalies such as cutis 
marmorata telangiectatica … are recurrently seen.
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Clinical Synposis (CS) section



• Non-standardized method for
describing phenotypes

• Not designed to be machine
interpretable

• Spelling problems
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Homonyms



Motivation for HPO Development



Goal of HPO

• Computer-interpretable clinical features

• Compare diseases based on clinical features

• Compare patients based on clinical features

• Compare patients with diseases based on clinical features

• .....

• Prioritization of variants in high troughput sequencing assays

• Easy to use and freely available



The Human Phenotype Ontology (HPO)

• Description of phenotypic
abnormalities (=clinical
features) in humans

• Synonyms merged into one
term

• Creation of textual and
logical definitions for each
term



The Human Phenotype Ontology (HPO)



The Human Phenotype Ontology (HPO)

Semantic relations
(is a sublass of)

From top to bottom terms get
more specific



Annotation of diseases

HPO terms are used to
annotate (describe) diseases

• E.g. neurofibrillary tangles is
used to annotate Alzheimer 
Disease

Note: Annotation with
neurofibrillary tangles induces
annotation to all ancestor
terms



Current Status

4 root classes
• Phenotypic abnormality
• Mode of Inheritance
• Clinical modifier
• Mortality/ Aging

Over 13.000 terms in HPO

Over 156.000 annotations of > 7.700 rare diseases
(OMIM, Orphanet, DECIPHER)

Over 133.000 annotations of > 3.100 common diseases
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Recent projects

Translations of labels, synonyms and textual definitions (crowdsourcing)

Numbers from 2017

The HPO team needs help to get HPO available in our language as well

Sebastian Köhler (Charité – Universitätsmedizin Berlin; drseb.github.io) 
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Adoption of HPO

Köhler et al.; The human phenotype ontology in 2017. NAR (2016)
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Phenotyp-driven Differential Diagnosis
Phenomizer: Search for diseases or differential diagnosis with HPO terms 
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Clinical Data Management and Analysis



Adoption of HPO



Clinical Genomics



Clinical Genomics



Clinical Genomics

Performance 

Combination of variant score 
and phenotype score is key

Other tools 



Phenotyp-driven Exome/Genome Analysis



Exomiser – filtered genes assigned a phenotypic relevance score based on
comparison with mouse and zebrafish models with mutations in orthologous genes

Genes with variants that survive the initial filtering steps are screened for mouse models with phenotypic to the human disease
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Summary

HPO – a controlled vocabulary of phenotypic abnormalities for human genetics

• Freely available
• Open source

Novel approaches towards:

• Differential diagnosis tools (e.g. Phenomizer) 
• Variant prioritization tools (e.g. Exomiser)
• Standard patient description in projects world-wide

Caveat: Phenotyp-driven variant prioritization

• Phenotypes in your patient (may) change over time
• Phenotypes are not always expressed / observed or described properly (two diseases)
• Phenotypes are not determined for (very) rare diseases (OMIM updates)
• Phenotypes are not very selective for e.g. mental retardation (Phenomizer; e.g. 

„intellectual disability“ + „seizures“ + „developmental delay“)



... Challenges to (H)WPO

The famous Bavarian “Wolpertinger” 


