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Standard exome analysis 

Linkage data
Multiple affected individuals
De novos from trios
Prior knowledge of affected 
pathways

Whole exome

Remove off-target and common variants

Prioritize based on allele frequency 
and pathogenicity



Whole exome

Remove off-target and
common variants

Variant score from allele 
freq and pathogenicity Phenotype score from

PHIVE score to give final candidates

phenotypic similarity

Exomiser



100,000 
simulated 
exomes

1092 unaffected 
exomes 28,516 disease 

associated 
variants

• Annotate variants
• Remove off-target, syn and common(>1%) variants (plus 

optional inheritance model filtering)
• Prioritize based on combined score

Benchmarking



Variant and phenotype data synergistically identify 
causative variant 



Comparison to other phenotype-based 
variant analysis software

Smedley D & Robinson PN. Genome Medicine 2015, 7:81



NIH Undiagnosed Disease Program

=> Use of genotype, phenotype and inheritance data 
together provide best prioritization



Integration into UDP pipeline
• 4/23 previously problematic cases received a diagnosis

• One novel disease-gene discovery: York Platelet 
syndrome and STIM1

• Strong candidates identified for other cases: functional 
validation through mouse and zebrafish modelling

• Several hundred further cases now being analysed

Bone W et al. Genetics in Medicine 2015 (In Press)



UDP930/929 diagnosed with a SMS mutation 



York platelet syndrome and STIM1

Markello T et al. Molecular Genetics and Metabolism 2015, 114: 474 Grosse J, J Clin Invest 2007 117: 3540-50

Impaired platelet aggregation
(HP:0003540)

Thromocytopenia (HP:0001873)

Abnormal platelet activation
(MP:0006298)

Thrombocytopenia (MP:0003179)



Genomiser

Phenotype similarity 
filtering

Regulatory feature filtering

Frequency filtering

Prioritisation by pathogenicity 
(MNCDS for non-coding), frequency 
and phenotype similarity



Mendelian regulatory mutations



Exomiser software suite

• How-To guide: Nature Protocols 2015 (In Press)

• PHIVE: Robinson PN et al. Genome Research 2014
• hiPHIVE: Bone W et al. Genetics in Medicine 2015 (In 

Press)
• PhenIX: Zemojtel T et al. Science Translational 

Medicine 2014
• ExomeWalker: Smedley D et al. Bioinformatics 2014



Models for functional validation: NIH 
KOMP2 and IMPC

• 530 genes associated with a Mendelian disease now 
have a phenotyped IMPC line

• Potential new disease models for 85% as never had a 
mouse disease model described in literature and 24 
already showing phenotype similarity from partial results 
on the IMPC broad screen

• 75 novel disease gene candidates from phenotypic 
similarity where human ortholog lies in correct linkage 
locus



First Bernard-Soulier mouse model



Spleen lacZ

Thrombocytopenia (MP:0003179)



First bone mineral QTL18 mouse model



Decreased bone mineral density (MP:0000063)

First bone mineral QTL18 mouse model



Novel candidate for isolated microphthalmia, with 
cataract, 1



Novel candidate for isolated microphthalmia, with 
cataract, 1



Conclusions
• Semantic phenotype comparisons greatly improve 

diagnosis and candidate gene identification as well as 
highlighting good disease models

• Inclusion of mouse and fish phenotypes along with guilt 
by association from PPA data is critical, especially for 
novel disease gene discovery

• Our results clearly show the value of collecting deep 
clinical phenotype data for translational bioinformatics



Future challenges
• Inclusion of phenotype frequency data

• Inclusion of negative phenotype data

• Certain phenotypes, e.g. behavioral, are not well covered 
by mouse/fish and/or our algorithms => incorporate new 
ontological approaches and species e.g. primates

• Common disease
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