Disease variant prioritisation and
model discovery through cross-
species phenotype analysis

Damian Smedley, Sanger Institute
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Standard exome analysis
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Exomiser
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Benchmarking
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 Annotate variants

 Remove off-target, syn and common(>1%) variants (plus
optional inheritance model filtering)

 Prioritize based on combined score



Variant and phenotype data synergistically identify
causative variant
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Comparison to other phenotype-based
variant analysis software

All phenotypes Max 3 phenotypes + imprecision + noise
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NIH Undiaghosed Disease Program
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=> 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
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York platelet syndrome and STIM1
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Impaired platelet aggregation /\ Abnormal platelet activation
(HP:0003540) (MP:0006298)

Thromocytopenia (HP:0001873) /\ Thrombocytopenia (MP:0003179)




Genomiser
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Regulatory feature filtering

Frequency filtering

Prioritisation by pathogenicity
(MNCDS for non-coding), frequency
+ and phenotype similarity
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Genomes with disease gene as top hit (%)

Mendelian regulatory mutations
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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)

PhenlX: 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
Gene: Gp9

Name glycoprotein 9 (platelet) =) Login to register interest
Synonyms Cd42, GPIX

MGI Id MGI:1860137
Status m phenotype data available

ENSEMBL Links [ Gene View [ Location View (4 Compara View

Gene Browser ENU(1)

Disease Models associated by gene orthology

Disease Name Source In Disease MGl IMPC
Locus v Mouse Phenotype Evidence v Mouse Phenotype Evidence -
(Phenodigm) (Phenodigm)
Bernard-Soulier OMIM:231200 Yes 74.82 =]
Syndrome
0OMIM:231200 Disease Phenotype Terms Associated Mouse Models (PhenoDigm predicted)
Menorrhagia 74.82; GpgtmLLKOMPVIeg 1 ot LUKOMPIVICE 5751 /6NCrl (Source: IMPC)
Epistaxis increased mean platelet volume
Purpura decreased platelet cell number

Abnormality of the abdomen
Thrombocytopenia

Abnormal bleeding

Prolonged bleeding time
Increased mean platelet volume



#231200

BERNARD-SOULIER SYNDROME; BS5S

CATEGORY
Inheritance
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Thrombocytopenia (MP:0003179)

FEATURES

Autosomal recessive

Epistaxis

Hemorrhage

Menorrhagia

Purpura

Congenital bleeding diathesis

Large platelets

Mild thrombocytopenia

Prolonged bleeding time

Reduced platelet glycoprotein Ib complex

Normal platelet aggregation with ADP, collagen, epinephrine
Absent platelet agglutination in presence of ristocetin

Spleen lacZ




First bone mineral QTL18 mouse model

Disease: Bone Mineral Density Quantitative Trait Locus 18

Name Bone Mineral Density Quantitative Trait Locus 18
Synonyms OSTEOPOROSIS AND OSTEOPOROTIC FRACTURES, SUSCEPTIBILITY TO
Locus Xg23

Associated Human LS3
Genes
Mouse Orthologs Pl

Source OMIM:300910

Mouse Models associated by gene orthology

Mouse Gene Symbol Disease Gene Ortholog MGI IMPC
Phenotype Similarity Score Phenotype Similarity Score
Pls3 LS3 68.88 =
OMIM:300910 Disease Phenotype Terms Associated Mouse Models (PhenoDigm predicted)
Osteopenia 68.88: / C5TBL/6NTac (Source: 3i,IMPC)
Osteoporosis decreased bone mineral density

decreased monocyte cell number
increased circulating alkaline phosphatase level



First bone mineral QTL18 mouse model

Disease: Bone Mineral Density Quantitative Trait Locus 18

Name Bone Mineral Density Quantitative Trait Locus 18
Synonyms OSTEOPOROSIS AND OSTEQOPOROTIC FRACTURES, SUSCEPTIBILITY TO
Locus Xg23

Associated Human LS3

Genes
Mouse Orthologs Pls3

Source OMIM:300910
Bone Mineral Density (excluding skull)
Body Composition (DEXA lean/fat)
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Novel candidate for isolated microphthalmia, with
cataract, 1

Disease: Microphthalmia, Isolated, With Cataract 1

Name Microphthalmia, Isolated, With Cataract 1

Synonyms CATARACT, CONGENITAL, WITH MICROPHTHALMIA; CATM
Locus @

Associated Human -

Genes
Mouse Orthologs

Source OMIM:156850

Mouse Models associated by gene orthology

No mouse models associated with OMIM:156850 by orthology to a human gene.

Potential Mouse Models predicted by phenotypic similarity

Show 10 jentries
Search:

Mouse Gene Symbol In Disease Locus MGl IMPC
Phenotype Similarity Score Phenotype Similarity Score

Slx4 Yes 53.97 69.5




Novel candidate for isolated microphthalmia, with

9%156850 cataract, 1
MICROPHTHALMIA, ISOLATED, WITH CATARACT 1, MCOPCT1

CATEGORY FEATURES

Eyes |:>Cat-aract
#hﬁcrﬂphthahrﬁa
Nystagmus

#Mic-sis

Strabismus

Associated Mouse Models (PhenoDigm predicted)

£59.5: / B6J.12952.B6N (Source: EuroPhenome,MGP)
abnormal cranium morphology

decreased body weight

anophthalmia

abnormal cornea morphology

corneal opacity

abnormal eye morphology

abnormal eye size

decreased platelet cell number

abnormal placement of pupils




Conclusions

e 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

e 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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