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Figure S1 - ANKRD17 non-truncating variants affect highly conserved amino acids. Multiple sequence 
alignments of proteins homologous to ANKRD17 were performed using Clustal Omega. Arrows indicate 
amino acids affected by non-truncating variants. Reference sequences used for the alignment: 
NP_115593, NP_112148.2, XP_002940399.2, NP_060217.1, NP_001186697.1, NP_788733.1. H.s., 
Homo sapiens; M.m., Mus musculus; X.t., Xenopus tropicalis; D.r., Danio rerio; D.m., Drosophila 
melanogaster. 
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Supplemental Tables 

Table S1 - phenotypic summaries of individuals 1-34. (See separate Excel spreadsheet available on-
line). 

Table S2 – detailed phenotypic description of individuals 1-34. (See separate Excel spreadsheet 
available on-line). 

  



 

 

Supplemental Methods 

Methodology for whole exome sequencing, whole genome sequencing and array-CGH for each centre. 

Written informed consent was obtained for either diagnostic or institutional review board-approved 
research sequencing. 

INDIVIDUAL 1: Trio WES was performed according to a previously published protocol1. 

INDIVIDUAL 2: Trio WES was performed according to a previously published protocol2. 

INDIVIDUALS 3 AND 9: Trio WES was performed according to a previously published protocol3. 

INDIVIDUALS 4, 10 and 18: Trio WES was performed according to the following protocol: DNA was 
enriched using Agilent SureSelect Clinical Research Exome V2 capture and paired-end sequenced on 
the Illumina platform (outsourced). The average coverage of the exome was ~50x. Duplicate reads 
were excluded.  Data were demultiplexed with bcl2fastq Conversion Software from Illumina. Reads 
were mapped to the genome using the Burrows-Wheeler Aligner (BWA)-MEM algorithm (reference: 
http://bio-bwa.sourceforge.net). Variant detection was performed by the Genome Analysis Toolkit 
(GATK) HaplotypeCaller (reference  http://www.broadinstitute.org/gatk/). The detected variants were 
filtered and annotated with Cartagenia software and classified with Alamut Visual.  

INDIVIDUAL 5: Trio WES was performed according to a previously published protocol4. 

INDIVIDUAL 6: Array-CGH (by SurePrint G3 Human CGH Microarray 4x180K Agilent Technologies) 
was performed on the proband. De novo status was established following array-CGH on the parents. 

INDIVIDUAL 7: Trio WES was performed according to a previously published protocol5.  

INDIVIDUAL 8: Trio exome sequencing was undertaken at Ambry Genetics under a research protocol 
on an Illumina sequencing platform in the CAUSES Study (approved by the University of British 
Columbia ethics review board). Read depth coverages for the proband and parents were 10-fold for 
>99% of consensus coding sequences. Reads were aligned to UCSC Genome Browser build hg19 with 
BWA and were called with GATK. Detected variants were annotated, filtered, and prioritized with 
VarSeq v1.5 (Golden Helix, Bozeman, MT, USA).  

INDIVIDUALS 11 AND 12: Trio WGS was undertaken according to the following protocol: DNA was 
isolated from blood of the patient and parents using QIAsymphony (Qiagen). Sequencing libraries were 
constructed from whole blood genomic DNA using HudsonAlpha Clinical Sequencing Lab’s custom 
whole genome library preparation protocol. DNA was sequenced on the Illumina HiSeq X sequencer. 
DNA library fragments were sequenced from both ends (paired) with a read length of 150 base pairs. 
Genomes were sequenced at an approximate depth of 30X, with at least 80% of base positions reaching 
20X coverage. Reads were aligned and variants called according to standard protocols6,7. A robust 
relationship inference algorithm (KING) was used to confirm familial relationships8. Sequenced variants 
were loaded into a custom software analysis application called Codicem for interpretation and variant 
pathogenicity was determined using American College of Medical Genetics and Genomics (ACMG) 
criteria. Variants were Sanger confirmed by an external CAP/CLIA laboratory (EGL Genetics, Tucker, 
GA).   

INDIVIDUAL 13: Trio WES was undertaken according to the following protocol: Genomic DNA was 
fragmented into 200 to 500 bp fragments by means of Adaptive Focused Acoustics (Covaris Inc, 
Woburn, USA) shearing according to the manufacturer's protocol. Exomes were captured using the 



 

 

Clinical Research Exome v2 capture library kit (Agilent, Santa Clara, USA) accompanied by Illumina 
paired end Sequencing on the Hiseq4000 (Illumina, San Diego, USA), generating 2 × 150 bp paired 
end reads with at least 80x median coverage. An in-house sequence analysis pipeline (Modular GATK-
Based Variant Calling Pipeline, MAGPIE) based on read alignment using BWA-MEM and variant calling 
using the GATK Haplotype Caller and UnifiedGenotyper9 was used to align reads and call variants on 
the generated BAM files. Variants were subsequently annotated using the Variant Effect Predictor10. 
Included annotation fields were, amongst others, variant consequence, sift scores, polyphen scores, 
CADD scores, and allele frequencies in the 1000 Genomes populations. An in-house developed tool 
additionally annotated variants using dbSNP132, gnomAD allele frequencies, and the Genome of the 
Netherlands frequencies (GoNL). After annotation, variants with an allele frequency of > 5% in the 
Genome of the Netherlands or in the 1000 Genomes project were excluded from further interpretation. 
LOVDplus (Leiden Genome Technology Center, LUMC, Leiden) was used for interpretation of variants. 

INDIVIDUAL 14:  Trio WES was undertaken according to the following protocol: Exon regions were 
targeted in extracted genomic DNA from submitted patient and family members using the xGen Whole 
Exome Panel kit (Integrated DNA Technologies). Targeted regions were sequenced using the Illumina 
HiSeq 2500 sequencing system (v3 chemistry) with 100bp paired-end reads in rapid run mode. The 
resulting DNA sequences were mapped to and analyzed in comparison with the published human 
genome (UCSC hg 19 reference sequence). Sequence variants were filtered and annotated using 
Ingenuity Variant Software (QIAGEN) and compared to other provided family members to search for 
causes of Mendelian genetic disease (de novo, homozygous, compound heterozygous and inherited 
heterozygous disease-causing variants).  

INDIVIDUAL 15: Trio WES was undertaken according to the following protocol:  Genomic DNA from 
the submitted specimen was enriched for the complete coding regions and splice site junctions for most 
genes of the human genome using a proprietary capture system developed by GeneDx for next 
generation sequencing with CNV calling (NGS-CNV). The enriched targets were simultaneously 
sequenced with paired end reads on an Illumina platform. Bi-directional sequence reads were 
assembled and aligned to reference sequences based on NCBI RefSeq transcripts and human genome 
build GRCh37/USCS hg 19. Using a custom-developed analysis tool (XomeAnalyzer), data were 
filtered and analysed to identify sequence variants and most deletions and duplications involving three 
or more exons.  

INDIVIDUAL 16: Trio WES, INDIVIDUAL 20: Duo WES, INDIVIDUAL 21: Proband only WES. WES 
in these individuals was undertaken according to the following protocol: Using genomic DNA from the 
proband or proband and parent(s), the exonic regions and flanking splice junctions of the genome 
were captured using the IDT xGen Exome Research Panel v1.0. (Integrated DNA Technologies, 
Coralville IA. Massively parallel (NextGen) sequencing was done on an Illumina system with 100bp or 
greater paired-end reads. Reads were aligned to human genome build GRCh37/UCSC hg19, and 
analyzed for sequence variants using a custom-developed analysis tool.  

INDIVIDUALS 17, 26, 27 and 28:  Trio WGS was performed according to the following protocol: Using 
the Illumina TruSeq DNA PCR-Free sample preparation kit (Illumina, Inc.) and an Illumina HiSeq 2500 
sequencer, a mean depth of 30× was generated. WGS reads were aligned using Isaac Genome 
Alignment Software and single variant nucleotides and indels called for chromosomes 1 to 22, X, and 
the mitochondrial genome using the Platypus variant caller11. Exomiser was used to identify and 
prioritise rare, segregating, predicted damaging variants in cases recruited with intellectual disability. 

INDIVIDUAL 19: Trio WES was undertaken according to the following protocol: Genomic DNA was 
extracted from peripheral blood following standard DNA extraction protocols. After extraction of 
genomic DNA, targeted exons were captured with the Agilent SureSelect XT Clinical Research Exome 
kit (per manufacturer’s protocol) and sequenced on the Illumina HiSeq 2000 or 2500 platform with 



 

 

100bp paired-end reads. Mapping and analysis were based on the human genome build UCSC hg19 
reference sequence. Sequencing data was processed and analyzed using an in-house custom-built 
bioinformatics pipeline.  

INDIVIDUAL 22: Trio WES was undertaken according to the following protocol: Exome sequencing was 
performed using genomic DNA isolated from whole blood (MagnaPure24, Roche Diagnostics) from 
both proband and parents. Enriched libraries were prepared using KAPA HyperPlus Kit (Roche 
Diagnostics) and SeqCap EZ MedExome Kit (Roche Diagnostics). Sequencing was performed using 
massive parallel sequencing on a NextSeq550 (Illumina). The analysis of the obtained sequences was 
performed with the GenoSystem Variant Analysis software. This software was developed by 
Genologica and includes an optimized algorithm with the following features: a) Initial sequence quality 
control, b) Sequence filtering by elimination of indeterminacies, adapters and low quality areas, c) 
Second quality control of the sequences, d) Mapping on the reference genome Hg19, e) Obtaining 
variants and CNVs, f) Study of coverage of the mapping and g) Annotation of variants. Variant filtering 
and prioritization were performed with the same software. Candidate variants were evaluated based on 
stringent assessments at both the gene and variant levels, considering both the patient’s phenotype 
and the inheritance pattern. Variants were classified following the guidelines of the ACMG. Identified 
variants were confirmed by Sanger sequencing.  

INDIVIDUALS 23 and 24: Trio WES was performed using a BGI Exom kit (59M) for capture followed 
by sequencing on a BGISEQ-500, generating paired-end 100bp reads. Mapping was performed using 
BWA and calling with the GATK Haplotype caller. Analysis of the raw data was performed using the 
software Varfeed (Limbus, Rostock, Germany) and the variants were annotated and prioritized using 
the software Varvis (Limbus, Rostock, Germany). 

INDIVIDUAL 25: Trio WES was performed using the IDT xGEN Exome Research Panel v1.0 with added 
custom clinical content and the Illumina NovaSeq 6000 platform. Samples were sequenced using 2x150 
bp paired-end reads. Sequencing-derived raw image files were processed using a base-calling software 
(Illumina) and the sequence data was transformed into FASTQ format. Clean sequence reads of each 
sample were mapped to the human reference genome (GRCh37/hg19). BWA-MEM software was used 
for read alignment. Duplicate read marking, local realignment around indels, base quality score 
recalibration and variant calling were performed using GATK algorithms (Sentieon). Variant calling 
covered all coding regions and flanking introns with 20 bp upstream and downstream of each exon. 
The median exome-wide sequencing depth for the proband sample was 180x and 99.5% of target 
nucleotides were covered with >20x sequencing depth. 

INDIVIDUAL 29 Trio WES was performed by the Genomics Platform at the Broad Institute of MIT and 
Harvard. Using Twist exome capture (~38 Mb target), samples were sequenced (150 bp paired reads) 
to cover >80% of targets at 20x, with a mean target coverage of >100x. Exome sequencing data was 
processed through a pipeline based on Picard and mapping to the human genome build 38 was 
performed using the BWA aligner. Variants were called using GATK HaplotypeCaller package version 
3.5.  

INDIVIDUALS 30, 31 and 32 Trio WES was undertaken according to the following protocol: Genomic 
DNA was extracted from blood samples of affected individuals and their parents. Whole-genome 
samples were prepared using a KAPA HyperPrep PCR-free Kit (Roche) and sequenced using a HiSeq 
X (Illumina) by the Kinghorn Centre for Clinical Genomics (Sydney, Australia). Sequence data was 
obtained in FASTQ format, with paired-ended 150 basepair reads. Alignment of reads and variant 
calling was processed in accordance with the GATK best practice guidelines.7,9 Reads were aligned to 
the human reference sequence (GRCh37 assembly) using the BWA-MEM algorithm (v0.7.17). 
Duplicate reads were removed using Picard MarkDuplicates (v2.18.11) and outputted in BAM format 
using GATK (v3.8) BaseRecalibrator. GATK HaplotypeCaller was used to generate single-sample 
GVCFs, containing single nucleotide variants (SNVs) and short insertions/deletions (indels). Multi-



 

 

sample VCFs were produced using GATK GenotypeGVCFs and subsequently annotated with gene 
context information using SnpEff (v4.3S)12. Population allele frequencies from the gnomAD project 
(v2.1.1) were added using BCFtools annotate (v1.9)13. Variants were filtered assuming full penetrance 
of the causal variant. Variant sites where the variant allele fraction (VAF) in the affected individual(s) 
was ³ 0.20, and with an overall read depth ³ 8 for all individuals in the family were included. Rare 
variants (gnomAD population allele frequency < 0.001) were selected. Variants that impacted the coding 
sequence or a canonical splice site of a gene, based on the annotations provided by SnpEff, were 
included. Variants observed in homozygosity in either parent were excluded. 

INDIVIDUAL 33 Trio WES was performed according to the following protocol: Sequencing was 
performed using the NextSeq 500 Sequencing System (Illumina, San Diego, CA), with a 2 × 150 bp 
high output sequencing kit after a 12-plex enrichment with SeqCap EZ MedExome kit (Roche, Basel, 
Switzerland), according to the manufacturer’s specifications. Sequence quality was assessed with 
FastQC 0.11.5, then the reads were mapped using BWA-MEM (version 0.7.13), sorted and indexed in 
a bam file (samtools 1.4.1), duplicates were flagged (sambamba 0.6.6) and coverage was calculated 
(picard- tools 2.10.10). Variant calling was done with GATK 3.7 Haplotype Caller. Coverage for these 
samples was >93% at a 20× depth threshold. Variants were annotated with SnpEff 4.3, dbNSFP 2.9.3, 
gnomAD, ClinVar, HGMD, OMIM, and an internal database. Filtering was performed with criteria based 
on the consequence on the protein and frequency in gnomAD.  

INDIVIDUAL 34: Trio WES was undertaken according to a previously published protocol14. 
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