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Supplementary Methods 

Whole exome sequencing and bioinformatics 

Paris. For patients A1 and G1, exome capture was performed according to the manufacturer’s 

protocol using the Illumina TruSeq exome enrichment kit and sequencing of 100 bp paired end 

reads on an Illumina HiSeq. Approximately 10 Gb of sequence were obtained for each subject 

such that 90% of the coding bases of the exome defined by the consensus coding sequence 

(CCDS) project were covered by at least 10 reads. Adaptor sequences and quality trimmed 

reads were removed using the Fastx toolkit (http://hannonlab. cshl.edu/fastx_toolkit/) and a 

custom script was then used to ensure that only read pairs with both mates present were 

subsequently used. Reads were aligned to hg19 with BWA31, and duplicate reads were marked 

using Picard (http://picard.sourceforge.net/) and excluded from downstream analyses. Single 

nucleotide variants (SNVs) and short insertions and deletions (indels) were determined using 

samtools (http://samtools.sourceforge.net/) pileup and varFilter32 with the base alignment 

quality (BAQ) adjustment disabled, they were then quality filtered to require at least 20% of 

reads supporting the variant call. Variants were annotated using both ANNOVAR33 and 

custom scripts to identify whether they affected protein coding sequences, and whether they 

had previously been seen in the public data bases of exomes and the 9723 exomes previously 

sequenced at our center. 

US. For family C, WES was performed using the Agilent SureSelectXT Clinical Reseearch 

Exome kit to target known disease-associated exonic regions of the genome (coding sequences 

and splice junctions of known protein-coding genes associated with disease, as well as an 

exomic backbone) using gDNA. The targeted regions were sequenced using the Illumina 

NextSeq® 500 System with 150 bp paired ends reads. Using NextGENe® software and a 

proprietary bioinformatics pipeline, the DNA sequence was aligned and compared to the human 

genome build 19(hg19/NCBI build 37). The average depth of coverage across the targeted 
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regions was calculated. The Cartagenia Bench Lab NGS software was used to filter and analyze 

sequence variants identified in the patient and compare them to the sequences of family 

members. All reported variants were confirmed by Sanger sequencing for the patient and the 

family members. For family D, WES was performed using the SeqCap EZ Human Exome v3.0 

(Roche) enrichment kit followed by sequencing using the Illumina HiSeq 2500 sequencer 

(100bp paired end). Causal variants were identified using Ingenuity ® Variant Analysis ™ 

software (www.ingenuity.com/variants) from Qiagen and NextGENe software from 

SoftGenetics (StateCollege, PA). The sequence reads were filtered for quality, then matched to 

GRCh37/hg19 genome reference sequence. Average target coverage of 100X and 96% of target 

of 10X depth was obtained. In the target region 89,694 non-redundant variants in 17,099 genes 

were identified in the family. Variants were then filtered based on frequency, nucleotide and 

amino acid sequence conservation, in silico pathogenicity predictions and models of genetic 

inheritance. For patient E1, WES was performed using the Ion Torrent AmpliSeq RDY Exome 

Kit (Life Technologies) and the Ion Chef and Proton instruments (Life Technologies). Briefly, 

100 ng of gDNA was used as the starting material for the AmpliSeq RDY Exome amplification 

step following the manufacturer’s protocol. Library templates were clonally amplified and 

enriched using the Ion Chef and the Ion PI Hi-Q Chef Kit (Chef package version IC.4.4.2, Life 

Technologies), following the manufacturer’s protocol. Enriched, templated Ion Sphere Particles 

were sequenced on the Ion Proton sequencer using the Ion PI chip v3 (Life Technologies). Read 

mapping and variant calling were performed using the Ion Torrent Suite software v4.4.2. In 

short, sequencing reads were mapped against the UCSC hg19 reference genome using the 

Torrent Mapping Alignment Program (TMAP) map4 algorithm. SNPs and INDELS were called 

by the Torrent Variant Caller plugin (v.4.414-1) using the ‘Generic-Proton-Germ Line – Low 

Stringency’ configuration. Only reads that were unambiguously mapped were used for variant 

calling. Variants were annotated using ANNOVAR (http://annovar.openbioinformatics.org/). 
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Data mining, biological interpretation, and candidate gene discovery were performed using 

various online tools, including The Database for Annotation, Visualization and Integrated 

Discovery (DAVID, https://david.ncifcrf.gov), and GeneCards (http://www.genecards.org). 

Target coverage was evaluated using the Torrent Coverage Analysis plugin (v.4.414-1), and 

the output was further evaluated using in-house, custom Perl scripts. 	

Japan. WES details have been previously provided elsewhere (2, 20). 

DNA-seq exome data have been deposited to NCBI Sequence Read Archive (SRA) data base 

accessible through the SRA accession number SRP136278 

(https://www.ncbi.nlm.nih.gov/sra/?term=SRP136278). 
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