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Our challenge
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14+ datasets scattered across country in silos

Much of the data is difficult to discover or share

Over 50% are still unsolved

Joint analysis is difficult

Circa 2011; Toronto, Canada



Our opportunity

Canada: 37,242,571

525,073
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Statistics Canada estimates Q4 2018

An estimated 10,000 rare disease patients meet criteria for GWS/year



Our godal
Q Diverse data types:

structured phenotype
family history data

2D and 3D facial photos
O\ /O genomics + other 'omics
(transcript/metabol/lipid-ome)

centralize & health services data
harmonize
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administrative data



Lakes

2 million lakes in Canada

60% of the world’s lake are
found in Canada

Lake Louise, Alberta, August 2018 (photo courtesy of Francois Bernier)



The solution?

A data lake for rare disease research

Genomics4RD

the first Canada-wide data lake for rare disease research



Genomics4RD launched Feb 2019

J [ T] genomics4rd

1. structured & unstructured data
2. tools for researchers
3. unified governance
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clinical phenotype (HPO) and dx (ORDO/OMIM)
pedigrees

diagnosis + health outcome surveys

wes/wgs

other ‘omics data
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e patient-reported data
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e patient-reported symptoms
computer-readable
: - metadata to help
.J | genomlcs4rd researchers discover and
access data
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PHENOYNEES

clinical phenotype (HPO) and dx (ORDO/OMIM)
pedigrees

diagnosis + health outcome surveys

wes/wgs

other ‘omics data




Tools to
collect and analyze

these complex data



Clinical phenotyping through P HE N O QRS ’

phenotype family history

Clinical symptoms and physical findings | ool o i SR AUESSE NN = hote
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Weight for age a 1
Decreased body weight (<-2SD) —————
Stature for age
% Short stature (<-2SD) b. Jul 1943
NO Tall stature (>+2SD) b. Jul 1944

Ovarian ca. dx 32
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Small face @
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Preauricular pit h O i Bon Yo
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NO Abnormality of the inner ear Breast ca dx 25

Ovarian ca. dx 21

CUTANEOUS
Red hair

NEUROLOGICAL o

- ; Jane Doe
Aggressive behavior b. Mar 14, 1995




Tagging HPO terms for data analysis

Clinical symptoms and physical findings

GROWTH PARAMETERS
Weight for age
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Aggressive behavior

Kernohan et al., Hum Mutat 2018;39:197-201



Genomic investigation

phenotype
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Genomic investigation

Verasn  Sowve Fles  Upede

Quich Fitees Fiue by matched Geres © Dt | fovs
Prerctyzes " icren
GRCNDS | ORCII? | rameshift ROEL | siaploss | wioagein o ..':." — 373 ctuded ?::-. [ g on 170
nonyroryTeces SNV ERACAF 3 00T | 000G AF 3 000 1 hpopgretEion o G an
Myperagrertascn of the w0

Welowty A5 €001 PaylsP s> 0 PryioP vam < @ O e L _)

CADD =0 oBSNP [142) Comreon

4540 coharra valtie 0 active fhers. O colerra sorted Marage colmes  Manage fRers

3 e ® s 8 ° Fut L S arent VIt Aroton tyoe S Coong verent Cure Sprr s [ N

| el :z'_iw | ‘ | s i l Troe | noatos | H-!

AmCeses Am‘ Vo Il 7-40 A L e T, NmTla"‘.«" 2
20008180 anooe 1 - o A P warean TPNOPO ZNTE] v Jvalms oo M0
AMOSTM GRCIE 1w 1R Y 4 e PORNA mone, UTRS TPVOPS ZNFTHE i Jwals oo WD
Wi oRcre 1 e 19 ] < o oG, POFNA e o TRV DTS oo St oo 0
A060854) GhCre Y we 19 T c @aw mmnmr. ves TPVOPL ZNFTET wor Jvmme o MK
ALY ORCre 1 e 18 ) c Lo POONG, RCRNA RN . TPVOPA 2NFTHT e vt o i
SIS oRoe 1 e 18 4] c e o, OANA st . TPV INFTET oo Jwaltn oo N
SIS once Y " G A e rtonic, ncFNA_ saone v TAVOPL DT wor Jvahms e LR
AN ORCe 1 e 19 A 4 e PRGN, PORNA o e TPAOPR DNFTET o vl o i
SWMNART GO 1 e c 1 o PRGN, OINA ot TPV INFTET oo vt o AN
A sald GRCOS 1 e 19 c T e roonic, ncRNA o e TPVOPL ZNFTE! wor Jwtiues oo miRY
AL ORCe e 18 " ¢ L PO PORNA seong . TP DNFTHT e Jviiis . M
Sa4seTy oncre 1 . W T o A rhonic, NCPNA eonk TPV, 2NFTET v Jvalm o MM

)
s

J
y

scalable variant store and virtual phenotype-based panels



Outcomes and utilization surveys

Enroliment Site for Patient

;y' CHEO Hamilton Neurology SickKids Stollery REIGIIERERUIAHETEISTINE Credit Valley Mospital
l/r Ontal’IO Health Sclences North  Kingston General Hospital London Health Sciences Centre
North York General Hospital Mount Sinal Hospital

Which clinical presentation criteria applies to this patient? (check 2 or more items)

Ploase solect of lossl 2 ophorn v

Moderate 10 severs developmental or functional impaicmeant
8 Mutsystem involvemnent
8 Progressive cinical cowrse
Differential diagnosis indudes 2 2 wel defined conditions requining evaluation by multiple tacgeted gene panals
Suspecied severe genetic syndroma NYD for which multiple family members are also afectod. or where parents are
CONSANgUINeoUs

Which management impact criteria applies (o this patient? (check 1 or more item)

Pioase solect o ‘oast 1 opnon v

VAl it further invasive diagnostic nvestigations
Results allow for specific and informed reproductive decision making (for patient or parents)
Vill enabile idontfication of a1 risk family memders and faclitate sary intervention




Patient self-reporting through RareConnect
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Example Study

FIND ENABLE

SUPPORT RESEARCH

MyStudies.
RareConnect?




How is access managed?
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HPC4Health
Canadian
private health
cloud




Governance and data access

CHEO Research Institute is data custodian

Platform is managed by Steering Committee + Advisory Board
Data Access requests are evaluated by Data Access Committee
Rare disease patient/advocate representation
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level 1

“open”

Public access

Aggregated variants,
genes of interest, and
coded phenotypes

“

level 2

“registered”

Consortium members

Individual-level variants,
processed -omics data,
phenotype descriptions,
and family history

level 3

“controlled”

Approved research
projects

Full access to structured
and unstructured data,
raw sequence, health
administrative data
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open controlled restricted



Still unsolved?
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Matchmaker
Exchange

86 130k+

countries  patients

11k+

unique genes

Global Alliance
for Genomics & Health
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patients/
families
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