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[bookmark: _Hlk157703094]Background: Single-nucleotide variants and small indels in CACNA1A are associated with a broad phenotypic spectrum, including familial hemiplegic migraine, episodic ataxia, progressive ataxia, neurodevelopmental disorders, and epileptic encephalopathy. Marked intrafamilial variability is very striking.
Materials and Methods: Patients carrying a pathogenic CACNA1A variant, excluding CAG repeat expansions, were recruited through an international network (SCANOP) for genotype-phenotype correlations. 
Results: We included 434 patients carrying 176 pathogenic CACNA1A variants: 53% missense (34% P-loop, 31% voltage sensor S4, and 11% pore forming S5-S6 domains), 33% stop variants, 8.5% splice variants, and 6% CNV. Three variants (p.Arg583Gln, p.Thr666Met, p.Arg1346Gln) were recurrent (more than ten index cases) and not associated with congenital onset or neurodevelopmental disorders. 
The median age at onset was 12 years (0 to 76), without significant association with variant type (p= 0.8). Position of stop variants did not explain variability of age at onset (13 years [5.8-20.2], p= 0.09). Missense variants located in domains S1, S4, and inter-domain were associated with a later age at onset (13 to 21 years later). However, other domains did not explain the variability. Episodic ataxia was reported in 45% (131/288) of patients and was significantly less associated with missense variants (p <0.001) than other types of variants. Chronic ataxia occurred in 96% (367/381), neurodevelopmental disorders in 43% (133/308), and epilepsy in 18% (44/239) of patients. 
Conclusion: In CACNA1A-related disorders, phenotypic variability is not explained by variant type or position. These findings support the role of additional factors, including genetic modifiers, in modulating clinical expressivity.  
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