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Peripheral blood (2 mL) was collected from the patients and their parents using ethylenediaminetetraacetic acid anticoagulant tubes and sent to the laboratory for clinical exome sequencing (CES) or whole-exome sequencing (WES), as previously described [1, 2]. Genomic DNA was extracted from leukocytes, followed by library preparation, hybridization capture, and paired-end sequencing (150 bp reads) with an average depth of 100× and 99% coverage. Raw sequencing data underwent quality control using FastQC to remove low-quality reads. Clean reads were aligned to the human reference genome (GRCh37/hg19) using BWA-MEM, and variants were called using the Genome Analysis Toolkit (GATK v4.2). Identified variants were annotated using ANNOVAR, following the Human Genome Variation Society nomenclature guidelines. Annotation details included chromosomal coordinates, reference and alternate alleles, gene function, population allele frequencies from the 1000 Genomes Project, Exome Aggregation Consortium, and Genome Aggregation Database (gnomAD). In silico pathogenicity predictions were generated using Rare Exome Variant Ensemble Learner (REVEL), ClinPred, Sorting Intolerant from Tolerant (SIFT), Protein Variation Effect Analyzer (PROVEAN), MutationTaster, Combined Annotation Dependent Depletion, Polymorphism Phenotyping v2 (PolyPhen-2), and the database of splice-altering SNVs (dbscSNV11, version 1.1). The pathogenicity of candidate variants was classified in accordance with the ACMG guidelines [3].
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[bookmark: OLE_LINK9]Candidate variants in the probands and parents were validated through polymerase chain reaction (PCR) with primers designed using Primer3 (https://primer3.org/) and optimized using MFEprimer (https://www.mfeprimer.com/). Purified PCR products were sequenced on an ABI 3730xl analyzer and analyzed using Chromas (https://technelysium.com.au/wp/chromas/). 
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