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Deep Phenotyping and Clinical Research

A subjective list of goals for improving RD patient care J

@ Reliably identify pathogenicity of variants in known disease genes
@ Quickly identify remaining Mendelian disease genes
@ Differential diagnosis and clinical decision support system

© Characterize natural history of RDs and discover clinically
actionable complications and risks

@ Basis to include clinical aspects in integrative basic science
research on disease pathophysiology
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Deep Phenotyping

@ the precise and comprehensive analysis of phenotypic
abnormalities

@ the individual components of the phenotype are observed and
described

@ often for the purposes of scientific examination of human disease.

PN Robinson (2012) Deep phenotyping for precision medicine. ﬁﬂ_mﬂm@_,ﬁ;:
Hum Mutat 33: 777-780 ey

Special Issue of Human Mutation on Deep Phenotyping
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What is an Ontology?

“An ontology is a specification of a conceptualization.”
— Tom Gruber, 1993
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What is a phenotype ontology?

A phenotype ontology describes not diseases but the indivi-
dual manifestations of a disease J

symptoms
signs

°

°

@ laboratory abnormalities

@ anomalies found by imaging studies
°

behavioral manifestations
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The Human Phenotype Ontology

organ
bnormality

rdiovascular
abnormality
cardiac
abnormality
cardiac
malformation
abn. of the abn. of the
ardiac septa ardiac atria
abn. of the
itrial septum
atrial septal
defect

@ ~ 10,143 terms, ~ 110,000 annotations for ~ 7000 mainly
monogenic diseases

general terms

specific terms

http://www.human-phenotype-ontology.org

o
@ Robinson PN et al. (2008) The Human Phenotype Ontology: a tool for annotating and analyzing human hereditary disease. Am J
Hum Genet. 83:610-5.
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Uptake in community

Databases & Bioinformatics Resources Using HPO

DECIPHER (Sanger Institute)
DDD (Sanger Institute)
ECARUCA

FORGE (Genome Canada)
GWAS Central

IRDIRC

ISCA

NCBI Genetic Testing Registry
NIH Undiagnosed diseases program
PhenomeNET

RIKEN

Close integration with other important efforts

il N 5 ﬁ im Phenotips (Brudno group, U

OMIM orphanet Toronto)
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The Human Phenome: Network of Human

Diseases and Disease Genes
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Ontological diagnostics

[Sm(@Noonan) = 276+ 308

sim(@Opiz) =252 305
=275

Q: Query terms

d: Disease terms

sim(0 — d) = avg Zntw&xsm(s,t)

seq
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The Phenomizer

Menu. ™ Help.

Features. || Diseases. || Ontology Patient's Features. || Diagnosis Diagnosis.

SCOLIOSIS Algorithm: resrik (Symmetric). | 6 Features.

HPO id Feature [7] p-value. = OMM name. Genes.

HP.0008453 CONGENITAL KYPHOSCOLIOSIS 00035 LOEYS-DEETZ SYNDROME, TYPE 14 TGFER1

HP:0008458 CONGENITAL SCOLIOSIS, PROGRESSIVE 02386 MARFANOID HYPERMOBILITY 5YNDROME

HP:0002751 KYPHOSCOLIOSIS 03244 MENTAL RETARDATION, X-LINKED, SNYDER-ROBINSON TYPE  SMS

HP:0003412 KYPHOSCOLIOSIS MAY OCCUR 03356 HOMOCYSTINURIA. cBS

HP.0004619 LUMBAR KYPHOSCOLIOSIS 03356 MENTAL RETARDATION, X-LINKED, SYNDROMIC 14 UPF38

HP:0004626 LUMBAR SCOLIOSIS 03356 BRACHOSKELETOGENITAL SYNDROME

HP.0003303 MLD SCOLIOSIS [C] na7e3 PECTUS EXCAVATUM

HP:0004615 MLD THORACIC SCOLIOSIS [ 4783 CAMPTODACTYLY WITH FIBROUS TISSUE HYPERPLASIA AND SI

HP.0004585 MLD THORACOLUMBAR SCOLIOSIS [ os216 PECTUS EXCAVATUM, MACROCEPHALY, SHORT STATURE, DS

HP0003424 PROGRESSIVE KYPHOSCOLIOSIS [ 05277 MARFANOID HABITUS WITH SITUS INVERSUS

HP-0003317 PROGRESSIVE SCOLICSIS [ os7es SHPRINTZEN-GOLDBERG CRANIOSYNOSTOSIS SYNDROME  FENT

HP:0002650 SCOLIOSIS [ 08482 ARTERIAL TORTUOSITY SYNDROME SLC2A10

HP:0004567 SCOLIOSIS, THORACOLUMBAR, SEVERE, PROGRESSIVE [] oane UVULA, BFID

HP:0002770 SEVERE SCOLIOSIS [] ostte CEREBRAL AMYLOID ANGICPATHY, APP-RELATED APP

HP.0004583 SEVERE, PROGRESSIVE KYPHOSCOLIOSIS [] og1s4 CONTRACTURAL ARACHNODACTYLY, CONGENITAL FENZ
Page[t Jof2 b b| Features 1 - 15 of 20 Page[1 |of 160 b | Imprave Differential Diagnosis. Download Resul

@ Sebastian Kshler et al. (2009) Clinical Diagnostics with Semantic Similarity Searches
in Ontologies. Am J Hum Genet, 85:457—64.

http://compbio.charite.de/Phenomizer
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Reasoning over Phenotypes

Building Block Logical Definitions Inferrence
Ontology (ChEBI)
: decreased aldohexose concentration Decreased
Aldohexose :::isdﬂennn: o aldoh et Aldohexose
M etreased toncentration and concentration
towards some aldohexose and

inheres_in some portion of blood and
qualifier some abnormal

class: hypoglycemia
equivalent to:
has_part_some:
decreased concentration and
towards some glucose and
inheres_in some portion of blood and .
Glucose quallfier some abnormal Hypoglycemia

Koéhler et al (2013) F1000Research 2:30
Gkoutos GV et al. (2009) Entity/Quality-Based Logical Definitions for the Human Skeletal Phenome using PATO. IEEE Engineering in Medicine

and Biology (EMBC 2009)
Kohler S et al. (2011) Improving ontologies by automatic reasoning and evaluation of logical definitions.

BMC Bioinformatics 12:418.

1.2013 11/22

Peter N. Robinson (Charité) HPO and Rare Diseases 11/



A semantic web of the human phenotype

Gehe Ontology

Anatomy Cell Type
I B I q}&"“'
Proteins ’ o
‘. ( = : Small molecules
Human Phenotype g
N Embryology
OBO Foundry POThbose‘)am;\;g}

Patholog';/
@ HPO defined using 11 other ontologies = Semantic network
@ Connections to genes, diseases, anatomy, . ..
@ Cross phenotype species analysis

21.11.2013
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Of mice, fish, flies, and men

Human Mouse Zebrafish Drosophila

Pax6*

pax6b

comea opaque eye decreased size eye decreased size eye absent
iris absent lens fused_to cornea lens decreased size
retina iris i retina
lens opaque anterior chamber
aqueous humor of eyeball
increased pressure bsent

@ Mutations in orthologous genes are often associated with similar
phenotypes

@ Phenotype information for >5300 genes currently available only
in model organisms
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Finding the needle: 3,000,000,000 bases — 1

mutation

X-ome Exome Genome
SNVs 800-1200 20,000-30,000 2-3 Mio.
- dbSNP 100-300 1,000-3,000 100K-300K
Indels (<10bp)  100—200 3,000 600K
— dbSNP 50 1,500 150K

@ Each genome: Lots of “private” variants with ~ 100
genuine loss of function variants with ~20 genes
completely inactivated.

@ - sequence-based prioritization alone will struggle to
identify the disease-associated mutation
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Exome Sequencing

@ at least 30,000 variants per exome

@ We all have ~ 100 genuine loss of
function variants

@ Prioritization based purely on
sequence variant pathogenicity will
struggle to correctly identify the
disease-associated mutation from
other variants with a deleterious
biochemical effect.

Peter N. Robinson (Charité)
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Whole exome
R R A

Remove off-target and common variants ‘

Phenotypic Relevance Score based on
similarity of observed phenotypes

Variant Score based on allele frequency and }

pathological impact Phenatypic

=

Combined Phenotypic/Variant Score (CPVS)
to give final candidate(s)

28,176 models.

~
_u|

The Exomiser
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Human Disease: Most similar
PFEIFFER Cross-species mouse model:
SYNDROME Phenotype  CD1.Cg-Fgfr2!™4LNiny

’ premature
suture -
closure
\ short maxilla
MP:0000097
malocelusion \
malocelusion

shortened
/ head -~~~

ocular
hypertelorism

@ PHIVE: PHenotypic Interpretation of Variants in Exomes
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Exomizer

The Exomizer: Annotate and Filter Variants

o oy
Gene score Variant Variant analysis Mouse Keacoem Phenotypic analysis
roma® 1ot parogency ot
o €hr10:9.123256215T>G [Het] e Mouse phenotype data for Fafr2 @
Ll Murao Taster: 0555 (7 o Antorle endrome ot
uc001ifa 4% : ¢.518A>C (p.E173A; Polyphen2: 0.998 (D) ‘steroidogenesis [MIM:207410; gene:
exon6) SIFT: 0.000 (D) MIM: 1769431
LC0100tm 2 c.1343A>C (p.E448A; Path score: 1.000 OMIM: Apert syndrome (MIM:101200;
exonil) Frequency gene: MIM: 1769431 %
010082 % C1346A>C (9 E449A; @ (no frequency data) OMIM: Beare-Stevenson cutis ayrata
21019 134985 (o 24508; i s
Rl OMIM: Bent bone dysplasia syndrome
uc0210z2v.1 @ c.1358A>C (p.E4S3A; [MIM:614592; gene: MIM:1760431%
L OMIM: Craniofacial-skeletal-
4c021p2x.1 @ : ¢.1427A>C (p.E476A; dermatologic dysplasia [MIM:-10,
Soniz) Cone MIATESEEIE
D211 14AC (57, FTIr——
exon12) [MIM: 123500; gene: MIM:1769431%
Riaas 1 14814 (ESS8K; ov: Sas cance, somatc
oty i, 37315 gen: WML 7E84210
4c021p22.1% : €.1694A>C (p.ES65A; OMIM: Jackson-Weiss syndrome
exon13) [MIM:123150; gene: MIM:1769431%
1c021022.1% : .1697A>C (p.ES66A; OMIM: LADD syndrome [MIM: 149730;
exon12) gene: MIM:176943] @
PR a— ovr: tetfer syrame
exon13) [MIM:101600; gene: MIM:1760431¢

OMIM; Saethre-Chotzen syndrome
MIM:101400; gene: MIM:1765431
OMIM: Scaphocephaly, mexilary
rusion, and mental retardation
MIM:609579; gene: MIM:1765431
apaE1® 162 pathogencity: 072
chri2:0.99053109G> A [Het]
View In UCSC Brouser @

Mouse phenotype data for Apaft &

No OMIM disease entry

@ Users enter VCF file and phenotype data and get back ranked list
of candidates
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Exomiser

o]
o

Variant
I Phenotypic relevance
Il combined variant/phenotypic relevance
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Exomes with disease gene as top hit (%)
ey
o

=
o

o

All Autosomal Dominant Autosomal Recessive

@ Phenotype data and variant data synergistically improve
interpretation of exome data for gene discovery
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Exomiser

100

Variant
90 7| M Phenotypic relevance
g0 | I PHIVE

Exomes with disease gene as top hit (%)
n
S

@ With ESP and 1000G Frequency data
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Exomiser
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@ With frequency data only from ESP to remove any potential bias
due to the non-causative variants also coming from the 1000
Genomes Project
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Conclusions

Gonc | (meser) | Submit

@ Large-scale validation of PHIVE analysis using 100,000 exomes
containing known mutations demonstrated an improvement of up
to 54.1 fold over purely variant-based methods with the correct
gene recalled as the top hit in up to 83% of samples.

@ Robinson PN, Kohler S, Oellrich A, Sanger Mouse Genetics Project, Wang K, Mungall C, Washington N, Bauer S, Seelow D, Krawitz
P, Gilessen C, Haendel M, Smedley D (2013) Improved exome prioritization of disease genes through cross species phenotype
comparison. Genome Research, early access, pmid: 24162188

() https://www.sanger.ac.uk/resources/databases/exomiser/
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Any Questions?
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