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Jessica’s story:

Evidence-based diagnosis requires evidence

Jessica (aged 4) has a rare
condition which causes epilepsy,
affects her movement and
developmental delay. Standard
genetics tests negative.

To solve her case requires the
ability to compare Jessica to a
multitude of other available data,
both from humans and from

other animals. Genomics =
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Standards for encoding and exchanging data
must be up to these challenges.
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Semantics are the ultimate universal converter
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Human

Phenotype
Ontology |
(HPO)
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HP:0012372 Abnormal eye
morphology

7N\
/ \

BT dized, machine HP:0100886 Abnormality of
readable vocabulary of globe location
phenotypic abnormalities : T

HP:0004409 Hyposmia

encountered in human disease.

- Over 14,000 phenotype terms HP:0000490 Deeply set eye

- It is used to create N
computational models of disease : i

UBERON_0010230
eyeball of camera-type eye

157534 phenotype
annotations

G0:0007608 sensory
perception of smell

34571 annotations in
22 species
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Motor neuron atrophy
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Fuzzy
Phenotype
Matching

Not same variant, but same
disease and gene, KMT2A.

DOI: 10.1126/scitransimed.3009262
Legend

° Perfect Match

L Fuzzy Match

‘ No Match

digits

skeletal development

Patient P1 profile
(3 year old girl)

Wiedemann
Steiner
syndrome
profile

Patient P8 profile
(14 year old boy)

Q Short toe G
HP:0001831
Short middle
phalanx of finger
HP:0005819
Delayed speech and
° language development °
HP:0000750
Intellectual disability
HP:0001249
° Microcephaly* G
HP:0000252
Short stature \
HP:0004322

Q Thin upper lip vermillion Q
FP:0000219
Hypertelorism 8
HP:0000316

Blepharophimosis
HP:0000581
Q Epicanthus G
HP:0000286
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DISEASE DISCOVERY & DIAGNOSIS




4 What is the most clinically useful way to
define and group diseases?

COMPLEX



Standards proliferation: how do you know you need a new one?

HOW STANDARDS PROLFERATE:
(465 AVC OHARGERS, CHARACTER ENCODINGS, INSTANT MESSAGING, ETC)
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Standards proliferation: how do you know you need a new one?
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Evidence-based merging of equivalent

disease concepts
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If rare diseases are not counted,

rare disease patients will not count

Just 5 sources comprise 10,577

Many diseases unique rare disease concepts

are in only one & (prior estimates ~7,500)
source 5
S Only 333 shared
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B in all five sources
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Nature Reviews Drug Discovery (bit.ly/nature-rare-diseases)
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Why model organisms matter to patients




More species = more coverage

18% Combined = 82% 81%

19,218

The inclusion of just five species boosts
phenotypic coverage of genes by 64%

Latest data from monarchinitiative.org - 12-July-2019
See also Mungall et al. Nucleic Acids Research bit.ly/monarch-nar-2016



Fuzzy matching

across species

improves

diagnostics

Genomics Ei.
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Combining
genomic and
phenomic
data
improves
variant
prioritization
for diagnosis

doi: 101038/gim.2015.137
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Patient
variants

DATA
SOURCES:
GENOMIC
WORKFLOW\ REFERENCE
ALGORITHMS: Varant
Q reference
data
SIFT,
MutationTaster,

Polyphen2,
Jannovar

Patient
phenotypes

1 Remove
off-farget
variants

2 Remove
common
variants

3 Remove
benign
variants

4 Remove
variants
inconsistent
with mode of
Inheritance

A) VARIANT FILTERING Y 0)

Rare, pathogenic -
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github.com/exomiser/Exomiser
WORKFLOW
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B) PHENOTYPE PROFILE MATCHING
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https://doi.org/10.1038/gim.2015.137
https://github.com/exomiser/Exomiser

XX 6.414 934 Jessica

variants in Jessica’s
el . Jessica (age 4) has a rare condition which causes epilepsy,
affects her movement and developmental delay. Standard
genetics tests negative.

Y St GATAACTGATIC « De novo deletion in SLC2AT7 identified as the cause of her Glut 1

\cec 2 deficiency syndrome

« Exomiser ranked this variant first
2826 - Now being successfully treated with a ketogenic, low-carb diet

predicted to cause - Low risk for future pregnancies

change in a protein

TTGTAGCCAA
677) 55 6 CTGAGTCATTG
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was in a gene Exomiser ranking 94% in top 3 candidates
EUUE L using human + model organism data




Phenotyping is not free ... or easy;
So how much is enough?
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=0 e The more phenotype data we have, the better able we are in answering

that question

e We can help inform users whether their phenotyping is sufficient for
analysis, and which new phenotypes to examine

e We need to improve case-level information sharing to better understand
the heterogeneity of presentation and progression
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Plain language synonyms for patients to use

A Number of HPO terms
' B. Mictrﬁj Slmall
1000 2000 3000 gnathia | jaw

skeletal 60% Arachno | Spider
limbs 69% dactyly  fingers
nervous 18% ‘ - - <
head/neck 58% =3 Pulmonary B’g‘;‘tﬁ'ﬁg Legend (both A and B)
cardiovascular | 43% — Primary labels
eye 7% ) Plain language
metabol.homeostasis | 24% F;E)OS’?S' B:!/gen;lg \ synonyms ‘
integument | 43% ) =
genitourinary  |27% C
musculature 1 23% g
digestive 26% HP.0000315 ép&{gf% git)%he Agnormality of the region around the eyes
immune  [24% of the face Abnormality of the eye region
blood 139
3% L HP 0100886 Anomaly of the Abnormality of the eyeball location
neoplasm [ 11% - globe location Abnormality of the eyeball position
endocrine | 17%
respiratory | 19% Proptosi Bulging eye; Eyes bulging out;
ear 129% [ 11P-0000520 e Prominent eyes; Prominent globes
connective tissue [27% ) e eeteVes
) Hypertel Y
prenatal dev/birth |16% f=|HP0000316 YREHEOIRT Widely-spaced eyes
growth | 45%
. Abnormally close eyes
constitutional | 64% == HP.0000601 " Hypotelorism Closely-spaced eyes
test | 11% .
breast |64% = HP_0009914  Cyclopia Shefieecntiele
; Cyclops eye
i g Terms with
o plain-language Deep-set eyes; Deeply-set eyes;
cellular | 0% synonyms =P 0000490  Deeply set eye Sunl‘:en eyey LESER YRR SV e
thoracic | 0% TF’-”‘? without e T
plain-language ertical orbita Isaligned eyes;
\ synonymgs ) == HP_0030867 distopia Eyes at different heights

4887 of 13823 HPO terms have lay synonyms



National Covid-19 data and
analytics platform

National Center
for Advancing

‘ NCATS/CD2H
cloud

i —
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Shared, harmonized Covid data

Centralized model advantages
Large dataset
Consistency
Improved machine learning applications & analytics over patient-level data
Shared compute infrastructure and application deployment
Purpose-driven curation/data modeling for covid-19



National Covid-19 data and
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Qualified Researcher, e.g.
Data Contributors

CTSA Institutions Data Access Committee
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Info will be posted at covid.cd2h.org



http://www.covid.cd2h.org

How we can all help improve

disease diagnosis and care

We need deeper phenotyping of a patient’s condition - beyond billing

Ontologies can support discovery by aiding data integration and analytics across domains
Use non-human data to support diagnostics, drug discovery, and mechanism discovery
Use semantics to combine genomics with phenomics (and other data)!

Richer and more widespread sharing of patient-level data is needed to fully understand
disease heterogeneity

There is an urgent need to improve data collection and flow between all stakeholders
across full lifecycle of disease care -- from patients and families themselves through
clinicians and hospitalists => this is true in all fields !!



Think about downstream data reuse

A) DISTRIBUTED DATA

Human ,
phenotype & Ammgl gene &
disease phenotype
DBs databases
: ' (MODs)
‘. Metabolism,
Drugs,
M|cro- Treatment,
biome Environment
hGene
pathways
%enré%soﬁ‘ & expression
databases databases
We learn different things
from different species and DISEASE
different data sources. PHENOTYPE

However, building a big- GENE
picture view is non-trivial.

B) AGGR

EGATED DATA

Often i |n the aﬁgregatlon process,
many of the the original connections
are lost. Moreover, |t is difficult to
make new connections without a
common conceptual model.

) INTEGRATED DATA

Computable phenotypes
Exact matches

Fuzzy matches
Inference
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