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› Describe the features of an individual 

 

– To enable a diagnosis (especially of a rare 

disease) 

 

– To distinguish between similar disorders 

 

– To enable genotype-phenotype correlations 
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Deep Phenotyping 



 

▪ Two Alternatives: free text or checkboxes 
 

 
 

 

Dysmorphic features 
• df 
• dysmorphic 
• dysmorphic faces 
• dysmorphic features 
 
Congenital malformation/anomaly: 
• congenital anomaly 
• congenital malformation 
• congenital anamoly 
• congenital anomly 
• congential anomaly 
• congentital anomaly 
• cong. m. 
• cong. Mal 
• cong. malfor 
• congenital malform 
• congenital m. 
• multiple congenital anomalies 
• multiple congenital abormalities 
• multiple congenital abnormalities 

 

Examples of lists: 
* dd. cong. malfor. behav. pro. 
* dd. mental retardation 
* df< delayed puberty 
* df&lt 
* dd df mr 
* mental retar.short stature 
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Previous State of Clinical Phenotyping 



▪ Phenotypic descriptions that are very evocative 

for humans, unreadable to a computer:   

▪ myopathic electromyography 

▪ still walking 25 years after onset 

 

▪ The following descriptions mean the same to 

you: “generalized amyotrophy”, “generalized 

muscle atrophy”, “muscular atrophy, generalized” 

  

▪ It is impossible to define distances between 

phenotypes 

 

▪ Databases don’t talk to one another about 

phenotypes 

Problems with the status quo 



Next-generation phenotyping 

Human Phenotype Ontology (HPO): 
10,700+ terms 

100,000+ links to 5,000+ OMIM/ORDO Disorders 

eye disease 

abnormal eye 

morphology 

coloboma 
globe 

abnormality 

neurologic skeletal 

... 

abnormality 

Peter Robinson & 

Monarch Consortium 



PhenoTips: 

Deep Phenotyping Platform  
for clinical and research use 

phenotips.org 



▪ Ontologies are large (HPO has > 10,000 
terms) and difficult to use 

 
▪ Re-mapping data to an ontology post-visit 

is time consuming and prone to error 
 

▪ Best time to phenotype using ontologies 
is during the patient visit 

 
▪ Goals of PhenoTips 

▪ Make deep phenotyping simple 
▪ Make it “faster than paper” 

 
 

Using ontologies patient-side 



 

Demo 

 

phenotips.org 



▪ Integration of data between studies, 
identification of unrelated patients 

 

▪ Better and more thorough automated genome 
analysis and variant prioritization 

 

▪ Phenotype patients at the bedside – more 
accurate, with less redundant data entry 

 
 

▪ Training for next generation:  
▪ Diagnosis assistance 
▪ Identify previously seen similar patients 
▪ Decisions based on prior outcomes 

Advantages of ontologies & PhenoTips 



PhenomeCentral: an integrated portal for 

 sharing phenotype and genotype 
data for rare genetic disorders 



rare genetic 

disease 



› might not recognize 

known disease 

 

› insufficient sample size 

for novel gene 





Data Sharing  

Critical! 



Finding similar patients 



Finding similar patients 



Finding similar patients 



Incorporating gene data 



Incorporating gene data 



Incorporating gene data 

Exomizer 



Incorporating gene data 

Exomizer 

(Robinson et al., 2014) 



Incorporating gene data 

Exomizer 



Validation 

› Consistently Finds Similar 

Patients 

▪ 73% top phenotype matches 

are in the same cohort 

› Prioritizes solved or lead 

genes 

▪ 4x known/lead genes ranked 

in top 5 compared to single 

exome 

491 rare disease patients,  

 171 in cohorts,  

 78 with known/lead genes 



to encourage data sharing we built a 

user-friendly, privacy-aware portal  
for discovering patients similar to yours  



› PhenomeCentral is a Matchmaker 
– Find out about other similar patients 

– Easily connect with other clinicians 

› Each Patient Record can be: 
– Public – Visible to all registered users 

– Private – Only visible to specified users/consortia 

– Matchable – Private visibility, but existence can be 

"discovered" by users who submit similar patients 

phenomecentral.org 



Step 1: submit your patient 

› Built-in 
PhenoTips 
interface  

› Export 
anonymized 
records from 
other instances 

› Add a VCF file 
and/or gene list 

 

› Set permission 
and add 
collaborators 
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Step 2: see patients similar to yours 



Step 2: see patients similar to yours 



Step 3: contact the other submitter 



PhenomeCentral phenomecentral.org 

MFDM patient (EFTUD2 

mutation) matched to a 

known one despite atypical 

presentation 

includes data 

from: 



PhenomeCentral phenomecentral.org 

includes data 

from: 

Two similar patients 

with STIM1 mutations 

matched despite 

inconsistent 

terminology 



 

› 557 cases  

- deeply phenotyped  

- most with exome data 

- most undiagnosed 

› 272 users 

 

PhenomeCentral phenomecentral.org 

includes data 

from: 



So Many Matchers, So Little Time 

GeneMatcher 

PhenomeCentral 

Decipher 

… 

 
 

▪ Rare disorder data is collected at many 
databases (GeneMatcher, Decipher, 
GEM.app, PhenomeCentral) 

▪ Developed a query “API” for a patient profile 
to be entered once, searched everywhere 
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MatchMaker Exchange API 

Send a description of a 
patient 

▪ Each site decides how 
to process the query 

▪ Result can be sent 
back to requesting site 
or directly to the user 

▪ Adopted by the GA4GH  
 

Questions/Challenges: 

▪ How best to run 
queries 

▪ Allow more precise 
queries? 



Identifying candidate genes 



Identifying candidate genes 



Identifying candidate genes 



Identifying candidate genes 



Finding similar patients 

pterm from ORDO corpus 

IC(term) = log(1/pterm) 

LS(term) ≈ IC(term) - maxparentsIC(parent) 


