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Box S1. Matchmaking ends a 19-year diagnostic odyssey by disentangling two novel rare diseases

The importance of global matchmaking for RD gene discovery, and ultimately diagnostic clarity for all
affected families, cannot be overstated. In one striking example, we identified, in parallel, candidate
variants in novel genes in a single individual. A baby boy presented with marked hypotonia and
nystagmus shortly after birth. Brain MRI showed lack of myelination, and a likely clinical diagnosis of
Pelizaeus-Merzbacher-like disease (MIM 312080) was given although PLP1 (MIM 300401) testing was
negative. A gastrostomy tube was placed at 5 months of age for a failure to thrive. Around that time, he
developed intermittent episodes of choreoathetosis, initially thought to be seizures, evolving to dystonic
arm posturing in his teen years. He has severe intellectual disability. Following research exome
sequencing in 2015 as part of the Care4Rare project, we identified de novo variants in two genes that
had never been associated with human disease, TMEM1068B [exon 8; c.754G>A p.(Asp252Asn);
NM_001134232.2] (MIM 613413) and USP7 [exon 14; c.1406T>G p.(Val469Gly); NM_001286457.2]
(MIM 602519). Both genes were entered into the Matchmaker Exchange data sharing platform. We
matched immediately for USP7 to an international cohort of 16 individuals with autism, intellectual
disability, epilepsy, and feeding difficulties (MIM 616863).! No affected individuals, however, exhibited
hypomyelination and so we kept our submission for TMEM1068B active within MME. One year later, we
matched to another proband with hypomyelination and the same de novo mutation in TMEM106B. Two
years following our initial review of the exome data, we published a cohort of four affected individuals
from Canada, Australia, Germany, and the Netherlands with the same recurrent TMEM106B mutation
(MIM 617964).2 Global matchmaking made it possible to disentangle the co-occurrence of two different
RDs for this individual, while discovering two new RDs and characterizing their clinical spectrum, so that
other families will not have to wait 19 years for diagnostic clarity. The family is now an active member of
the USP7 Foundation, a non-profit organization dedicated to supporting families and research for this

RD.



Box S2. Querying databases for variants in candidate genes facilitates RD gene discovery

Two French Canadian sibships from the Care4Rare project had a strikingly similar and complex clinical
presentation characterized by hereditary spastic paraplegia (HSP), intellectual disability, and cerebral
anomalies yet remained without a diagnosis following research exome sequencing in 2015. Re-analysis
in 2020 with the latest Care4Rare bioinformatics pipeline revealed a shared homozygous candidate
variant in ABHD16A (MIM 142620) that was missed by our earlier bioinformatics pipeline. We
immediately submitted the gene to MME but no matches were returned. In 2021, we queried the data
in Genomics4RD, and quickly identified two probands with rare, deleterious looking biallelic variants in
ABHD16A and symptoms of complex HSP: one family who remained without a diagnosis and whose data
had not yet been re-analyzed, and a second family whose data had just been returned from a US-based
clinical laboratory. A subsequent query of rare variants in Geno2MP quickly identified two additional
families from the USA. These findings add ABHD16A to the growing list of genes where deleterious
variants cause early-onset autosomal recessive complicated HSP through the dysregulation of lipid
metabolism (MIM 619735).3 This discovery highlights the power of querying databases for variants in

candidate genes in genomic data from families with unsolved RD.
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Figure S1. Research outputs and clinical impacts resulting from a decade of the Care4Rare Canada
Consortium. In addition to its considerable efforts in rare disease (RD) diagnosis (n=623) and gene
discovery (n=203), the Care4Rare Canada Consortium identified and responded to the needs of the RD
research and clinical communities. Through all eras, the Consortium delivered key technologies,
evidence, resources, and guides to support RD diagnosis and discovery. For the research community, the
CaredRare Consortium delivered technologies to support RD data capture (PhenoTips™) and sharing
(PhenomeCentral, Matchmaker Exchange, Genomics4RD), as well as facilitated functional
characterization research of novel genes in model organisms by establishing the Canadian Rare Diseases:
Models and Mechanisms Network. For the clinical community, the Consortium (in partnership with key
stakeholders) paved the way for clinical implementation of genome-wide sequencing (GWS) by
publishing evidence of its diagnostic utility and the costs of RD; contributing to a national RD strategy,
developing clinical guidelines and position statements; and building capacity through curriculum
development and workshops. Ten years later, Canada remains an international leader in RD discovery

and GWS is available as a publicly funded test for complex RD diagnosis in most regions of Canada.



Eras FORGE Care4Rare SOLVE

General o Assessment by a clinical geneticist or subspecialist practicing in genetics who is a
inclusion member of Care4Rare Canada Consortium
criteria e Suspected monogenic disease

e Standard-of-care testing in their province/territory completed

e No molecular diagnosis or compelling VUS

e Consented using the Care4Rare Research Ethics Board-approved protocol
e Samples available and follow-up possible

e  Family members available, including deep-phenotype and samples

Population e Children Children and adults Children and adults

e Atleast one
affected individual
from Canada
available for a
particular project

Era specific e Highly recognizable | FORGE criteria plus single Genomic data only
criteria syndrome families
e Family history of AND/OR
recurrence
e Known Multi-omics data
consanguinity
e |[solated
community

Table S1. Inclusion Criteria for Participation in Care4Rare across the Eras



without a name

OR

Novel gene-disease association
OR

More than one genetic diagnosis
OR

Non-Mendelian inheritance

OR

Non-genetic

Group | RD Characteristics Reason(s) for Remaining Unsolved | Technologies Proposed
1 Recognizable RD with no or Pathogenic variation is Genome sequencing
limited genetic heterogeneity | undetectable with current RNA sequencing
(e.g., Tuberous sclerosis) technologies +/-Deep sequencing
2 Recognizable RD where the Molecular etiology is not yet known | Large-scale data sharing
molecular etiology has not yet | and is undetectable using current Multi-omics
been elucidated (e.g. PHACES, | approaches Novel computational
as reviewed by Boycott etal®) | OR approaches
Non-Mendelian inheritance
OR
Non-genetic
3 RD with high degree of genetic | Pathogenic variant in a known gene | Re-analysis
heterogeneity (e.g., cerebellar | thatis missed by current diagnostic | Genome sequencing
ataxia) technologies or clinical panel RNA sequencing
OR
Pathogenic variant in a novel gene
4 RD associated with a Phenotypic expansion of a known Re-analysis
constellation of features disease Multi-omics

Large-scale data sharing

Table S3. Overview of a Research Protocol for RDs Remaining Unsolved Following Exome Sequencing
Multi-omics refers to genome and RNA sequencing data, lipidomics, metabolomics, and/or epigenomics
in any combination
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Web Resources

Justin's Odyssey: A journey in rare disease data sharing - YouTube,
https://www.youtube.com/watch?v=IDEhdzvIR4l)
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