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Supplementary Data
WES is performed by a CLIA or quality research sequene provider; WGS is performed by the
Ilumina Clinical Services Laboratory (Illumina, Inc; San Diego, CA). Briefly, genomic DNA is
randomly fragmented and then sequenced using 100 nucleotide paired-end reads on an Illumina
HiSeq 2000 Sequencer at an average depth of 30x coverage for whole genome sequences and 50-
100x for whole exome sequencest. The resulting BAM files are converted to FASTQ format and
realigned to the human reference sequence [University of California Santa Cruz (UCSC)
hg19/GRCh37 assembly] using the Burroughs-Wheeler Alignment tool (BWA-MEM) 22 in
paired-end mode. Duplicated reads resulting from PCR over-amplification or optical duplication
are flagged and discarded by the MarkDuplicates module of Picard tools version 2.5

(http://picard.sourceforge.net/). Targeted local realignment is then performed near known short

insertions and deletions (indels) and by base quality recalibration using the Genome Analysis

Toolkit (GATK, version v3.7) °. Single nucleotide variants (SNVs) and indels are discovered


http://picard.sourceforge.net/

using batch calling with a set of unrelated individuals by using the HaplotypeCaller and
GenotypeGVCFs modules in GATK. Variants are prioritized using in-house developed tools
depending on the inheritance mode suspected in any particular case. The models used for this
purpose take into account population genetics parameters as well as technical artifacts observed
in unrelated samples and also statistics from databases such as the Genome Aggregation
Database (gnomAD) and 1000 genomes. The functional consequence of each variant is
predicted using Variant Effect Predictor (Release 85) © . Structural variants (SV) are identified
by comparing the average coverage for control samples to the proband sample over the same
exons. This is performed with GenomeSTRiP’ for whole genome samples and with xHMM? for
whole exome samples. Sample quality control is assessed by calculating coverage over exons;
assuring the sex of the sample, calculated by comparing the ratio of the Y chromosome coverage
relative to the entire genome, matches clinical records; comparing observed autozygosity to
expected values using PLINK® for WGS samples; comparing metrics (including het/hom ratio,
TiTv ratio, number of variants) from GATK’s VariantEval against unrelated high quality
sequences; ensuring counts of synonymous, missense, frameshift, inframe and splice-site
variants are within expected ranges; and assessing ancestry with principal component analysis

using HGDP continental populations as a reference!®!! (http://www.hagsc.org/hgdp/).

Additionally, any variants labeled pathogenic or likely pathogenic in either ClinVar'?

(http://www.ncbi.nlm.nih.gov/clinvar) or HGMD*® (http://www.hgmd.org) with allele frequency

less than 2.5% are reported. Variants not found in 1000 Genomes', in dbSNP (Single
Nucleotide Polymorphism Database) build 147%°, or in the Genome Aggregation Database
(gnomAD, with 123,136 exomes and 15,496 genomes) dataset at a frequency below 0.1% are
generally considered for analysis in recessive cases, while higher allele frequencies are
considered in dominant cases where the prevalence of disease may be higher'®. Homozygous

and compound heterozygous sequence variants are evaluated in putative recessive cases and
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heterozygous variants are also considered in dominant cases.

Supplementary Table 1: Summary of cases

Status

#Cases

Completed Projects

Published "6 (Table 1)
In prep./Submitted (Table 1)

Experimental validation (Table 1)

Solved & closed without publication (Table 1)
Closed without solution (Data not shown)

19
4

5

2
42

Pending projects

Candidate gene identified (Data not shown)
Analysis in progress (Data not shown)
Pending sequencing (Data not shown)

48
25
104

Total

244
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