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VARIANT MAPPING AND CONSERVATION/CONSTRAINT ANALYSIS

A.	METHODS

A.1. 	PROTEIN STRUCTURE ANALYSIS
A molecular solved protein structure for ATP1A3 has not been published or deposited in the protein structure database [1]. We obtained a protein structure model from the SWISS-Model [2] webserver (template = 4ret, chain A, Qmean = -1.83) that covers the residues 18-1013 (97%) of the protein. The patient’ variants listed in this review as well as variants from the general population obtained from the genome aggregation database (gnomAD v2.1.1) [3] were visualized in Pymol (The PyMOL Molecular Graphics System, Schrödinger, LLC. https://pymol.org/)

A.2. 	POPULATION CONSTRAINT ANALYSIS. 
To assess the constraint for population variants, the missense tolerance ratio (MTR) [4] was obtained from the MTR-viewer website (http://biosig.unimelb.edu.au; accessed Feb/2021). As a neutral comparison group, we collected variants from the DiscovEHR database (http://www.discovehrshare.com; accessed Feb/2021). DiscovEHR is a variant repository containing more than 50,000 whole exome sequences of patients mainly associated with cardiometabolic, respiratory, and cancer phenotypes. Rare severe pediatric neurodevelopmental disorders were not ascertained in DiscoverEHR. We do not expect pathogenic ATP1A3 variants in this dataset. The MTR score was generated using gnomAD variants. To avoid a bias due to variants in both datasets, all variants also present in gnomAD were removed from the DiscovEHR control group. Finally, all patient variants were grouped according to their severity into three distinct groups (mild, moderate and severe). This categorization was based on previous reports and on the opinion of the authors. Those phenotypes with early presentation, associated with severe encephalopathy, refractory epilepsy, structural abnormalities of the nervous system, more severe progression, severe neurological compromise between attacks, or early death were considered severe. At the other end, those with an older age at presentation, stationary evolution, less neurological compromise between attacks or less expected functional compromise, were considered mild. For the detailed statistical assessment see the statistical analysis section.

A.3.	PARALOG CONSERVATION AND POPULATION CONSTRAINT ANALYSIS 
To quantify the amino acid conservation across paralogous genes we annotated the Paraz-score. As defined by Lal et al. 2020, genes with >80% sequence similarity are considered to be paralogs [1]. According to this definition, the ATP1A3 gene family consists out of 6 paralogues genes (ATP1A3, ATP1A1, ATP1A2, ATP1A4, ATP1A12, ATP4A). To compare the paralog conservation of the patient variants with a control group, variants from DiscovEHR were annotated (see Population constraint analysis section). Finally, paralog conservation across different levels of severity and the control group were quantified (see statistical analysis section).

A.4. 	STATISTICAL ANALYSIS
A Mann-Whitney-U test was performed to test for differences in the paralog conservation and variant constraint between the different classes of severity and the control variants collected from the DiscovEHR database (see population constraint analysis for details). Visualizations were generated in R (version 4.0.3) with the ggplot2 package (version 3.3.2).
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