Whole-exome sequencing identifies novel pathogenic variants across the ATP7B gene and some modifiers of Wilson’s disease phenotype

Supplementary Materials and Methods
Exome sequencing
[bookmark: _GoBack]Genomic DNA was extracted from whole blood treated with EDTA using the DNeasy kit (Qiagen). Human exome sequencing libraries were constructed using AmpliSeq™ Exome technology (Thermo), and generated amplicons were sequenced with the Ion Proton™ platform (Thermo) as previously described.1 Obtained reads were mapped to the human reference genome (hg19 assembly) with tmap software (version 5.0.13). Genetic variants were identified with Torrent Variant Caller (version 5.0.13) and filtered with criteria described by Damiati et al,2 with low stringency for single nucleotide variants and high stringency for insertions/deletions. Filtering was not applied, and all variants in the ATP7B gene were considered as true positives. In addition, we attempted to uncover large deletions and insertions in this gene with CONTRA (version 2.0.6) software (using one of the samples as control).3 Variant annotations, including minor allele frequencies in various databases and influence on protein coding, were obtained with Variant Effect Predictor (release 86).4 Statistical tests were conducted in rvtests software.5
Analysis of genes with known association with Wilson’s disease
Special attention was paid to genes, previously associated with Wilson’s disease phenotype, ie COMMD1, ATOX1, XIAP, APOE, DMT1 (SLC11A2), ATP7A, MTHFR and PRNP.6,7 The following genes have also been verified for mutations in order to exclude other genetic diseases, associated with liver and/or neurological malfunctions: HFE (hereditary hemochromatosis), SERPINA1 (alpha-1-antitrypsin deficiency), CTFR (cystic fibrosis), NPC1 and NPC2 (Niemann-Pick disease type C). 
To check whether disease subtype and age of onset depended on ATP7B mutation type, logistic regression was performed with the explanatory variables of general mutation type (i.e., homozygous, compound or single heterozygous), mutation effect on coding (e.g., frameshift, missense), sex and age of onset in case of disease subtype. Another model, which attempted to explain variability in disease subtype and age of onset was applied with presence of rare variants in genes, encoding proteins in STRING WD network and previously mentioned WD associated genes (Supplementary Table S18) as explanatory variables. Only those genes for which accurate confidence interval estimation for odds ratio was possible were taken into account. 
Analysis of other genes
For analysis without any a priori hypothesis, two main methods of were used: Fisher’s exact test for differences in single variants and alleles frequency and CMC aggregation followed by Fisher’s exact test for differences in variant frequency at the gene level. P-values obtained in the latter test were corrected with the Bonferroni procedure. Variants were considered rare if their minor allele frequency was smaller than 0.02 in the overall populations of the following projects: 1000 Genomes,9 NHLBI-ESP 6500 Exomes (http://evs.gs.washington.edu/EVS/), and ExAC.10
Additional variant filtering 
Variants with statistically significant frequency difference in the above-mentioned tests were additionally filtered with a variation of variant-filter script (https://github.com/ckandoth/variant-filter) adapted to account for insertions and deletions. 
Deleterious variant overrepresentation
[bookmark: _Hlk523424453]Deleterious variants were chosen among rare changes, based on their combined annotation-dependent deletion algorithm (CADD)11 PHRED-scale value (deleterious when >20). Numbers of deleterious variants were then compared with Student’s t-tests for a whole group of controls and a random selection of 95 WD patients. The test was repeated 1000 times. 
Functional analysis
P-values on PHRED scale from two Fisher’s exact test comparisons: between disease subtypes and between ages of onset (<18 years vs ≥ 18 years) were used as scores for Marker Set Enrichment Analysis (MSEA).12 The biological pathways definitions were downloaded directly from Reactome (https://reactome.org/download/current/ReactomePathways.gmt.zip).
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