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The growth of phenomic data
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Building a phenomic knowledge
base
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Shared genes, shared biology
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Model mutants recapitulate
disease phenotypes
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Phenotype matching to find
gene candidates
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Different models for different

aspects
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Deep homology of phenotypes
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Can we quantify?
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How do we get to precision
comparative phenomics?

Sequence Similarity Phenotype Similarity
e |ncrease in data e |ncrease in data

e Enabled bioinformatics ¢ Potential to

revolution revolutionize

 Edit distance is  Quantifying distance is
guantifiable complex

e Unifying model of e Single unifying model is
molecular evolution elusive
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Increasing generality

Classifying phenotypes in a
graph
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Classifying phenotypes in a
graph
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Increasing generality

Classifying genomic entities
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Graph-based similarity
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Similarity based on different
criteria

ANATOMY Fmaly FUNCTION

abnormality

abnormality

abnormality

coordination

MECHANISM

atrophy swimming

At - T
s —
monarchinitiative.org y \ @@




Less specific matches are

weaker
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Multiple phenotypes can be
compared at once

Ranked
genes

Phenotype profile ﬂ 5T 40 48 47 47 47 46 45 45 45 45 45 44 4

Ataxia
Meuronal loss in basal ganglia

Chorea

Cerebellar atrophy

Olivary degeneration

Abnormality of extrapyramidal m...
Rigidity

Dementia
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http://monarchinitiative.org/analyze/phenotypes

Probabllistic approaches

Items Hidden Layer Query Layer

Explicit modeling of
unobserved data

(e.g. 3000 (e g, 10,000 phenotypic features
diseases) 9 P w }

Bauer, S., Kohler, S., Schulz, M. H., & Robinson, P. N. (2012). Bayesian ontology querying for accurate and noise-tolerant
semantic searches. Bioinformatics (Oxford, England), 28(19), 2502-8. doi:10.1093/bioinformatics/bts471
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Challenge: multiple phenotype
ontologies and terminologies

s
VT X
MP

monarchinitiative.org



Helping machines understand
phenotype terms

Human phenotype
| have

idea what that

pars compacta means

Mungall, C. J., Gkoutos, G., Smith, C., Haendel, M., Lewis, S., &
Ashburner, M. (2010). Integrating phenotype ontologies across
multiple species. Genome Biology, 11(1), R2. d0i:10.1186/gb-
2010-11-1-r2
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Decomposition of complex
concepts
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Species neutral ontologies, homologous concepts

Mungall, C. J., Gkoutos, G., Smith, C., Haendel, M., Lewis, S., &
Ashburner, M. (2010). Integrating phenotype ontologies across
multiple species. Genome Biology, 11(1), R2. d0i:10.1186/gb-
2010-11-1-r2
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Matching using subconcepts
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Mungall, C. J., Gkoutos, G., Smith, C., Haendel, M., Lewis, S., &
Ashburner, M. (2010). Integrating phenotype ontologies across Source:
multiple species. Genome Biology, 11(1), R2. d0i:10.1186/gb-

2010-11-1-r2
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Anatomical homology
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Homologous to

dIa<hl781Tg>/dIa<hl781Tg>
Mungall, C. J., Gkoutos, G., Smith, C., Haendel, M., Lewis, S., & dld<tr233>/dld<tr233> [n.s.]
Ashburner, M. (2010). Integrating phenotype ontologies across (tel GOSt)
multiple species. Genome Biology, 11(1), R2. d0i:10.1186/gb-

2010-11-1-r2 2SS
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Cellular ontologies
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Monarch Ontology

e Integrates
— Phenotypes

— Diseases
DO, Orphanet, OMIM, ....

— Species-neutral ontologies

: grcljatomy @@

[
Koéhler, S., Doelken, S. C., Ruef, B. J., Bauer, S., Washington, N.,
Westerfield, M., ... Mungall, C. J. (2013). Construction and
accessibility of a cross-species phenotype ontology along with gene
annotations for biomedical research. FLOOOResearch, 1-12.
d0i:10.3410/f1000research.2-30.v1
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https://github.com/monarch-initiative/monarch-ontology/

@@ Phenotype: Abnormality of the cerebellum |

|

| Genes (2294)

Filter results

Mo current user filters.

Species
Mus (3555) =
musculus

Homo  (3289) |
sapiens

Danio (133)
rerio

Total: 7020; showing: 1-10

Results count = 10 -
Gene

Ataxin 3

ATXN3

ATXN3

F-Box and Leucine-Rich Repeat Pro

4

FBXL4

Transmembrane Protein 240

Species

Homo
sapiens

Homo
sapiens

Homo
sapiens
Homo
sapiens

Homo
sapiens
Homo
sapiens

Relationship

inferred

inferred

inferred

inferred

inferred

inferred

Gl Next | Last

Phenotype

Cerebellar
atrophy

Cerebellar
atrophy

Cerebellar
atrophy
Cerebellar
atrophy

Cerebellar
atrophy
Cerebellar
atrophy
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Evidence type

evidence used in automatic
assertion
sequencing assay evidence

evidence used in automatic
assertion
imaging assay evidence

immunoprecipitation evidence

evidence used in automatic
assertion

evidence used in automatic
assertion
sequencing assay evidence

evidence used in automatic
assertion

sequencing assay evidence
evidence used in automatic
assertion

Reference
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http://.monarchinitiative.org/phenotype/HP:0001317

Network approaches for deep
phenotype matching
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Network approaches for deep
phenotype matching
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Distant phenotypes that involve the same genes
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Network approaches for deep
phenotype matching

Cellular orthologs Complex
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Distant phenotypes that involve the same genes,
Similar interaction patterns
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Network approaches for deep
phenotype matching

Cellular
Phenotype

Complex
Phenotype

e
Tezn =
e

Phenolog

McWhite, C. D., et al Applications of comparative evolution to
human disease genetics. Current Opinion in Genetics &
Development, 35, 16-24. doi:10.1016/j.gde.2015.08.004 ﬁ
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Next Steps

e Joint genome-phenome comparisons
— Use In the clinic
— Exomes to genomes
 Probabillistic modeling
— evolutionary models of phenotypic change
— Incorporation of negation uncertainty
 Ontologies to causal models

— From genotype-phenotype associations

— To temporal and causal models of
phenotype progression
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Next generation phenomic
curation
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http://create.monarchinitiative.org
http://noctua.berkeleybop.org

What we need

 Pan-species approach
— Comparative phenomics perspective
— Enable collaboration
— Easy to integrate new organisms

« Ramp up knowledge curation
— Provide support for expert curators
— Develop tools to enhance efficiency
— Use open standards

* Integrated phenotype curation
— Ontology
— Genotype-phenotype curation
— Causal networks
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