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Objective: We here sought to identify pathogenic variants in cardiac conduction system disease (CCSD) patients using whole exome sequencing accompanied using targeted gene analysis and understand the primary molecular mechanisms that cause CCSD by cellular electrophysiological study and CRISPR/Cas9 mediated gene knock-out in zebrafish. 
Methods and Results: We performed exome sequencing in 23 probands diagnosed with early-onset (<65 years old) CCSD, and analyzed 116 genes linked to arrhythmogenic diseases or cardiomyopathies. We used a standard variant quality control method and focused on rare variants (minor allele frequency < 0.5 %). Selected variants were subjected to in silico analysis combined with frequency data from public database. Nine probands had pathogenic variants in EMD (2 probands), LMNA (3 probands), KCNA5, KCNH2, SCN5A, and RBM20 (2 probands). To evaluate the functional change of an LMNA c.339 dup T, we sought to generate and characterize a knockout zebrafish with CRISPR-mediated insertions or deletions (indels) of the human LMNA homolog, lmna in zebrafish. The mean heart rate and the mean conduction velocities of the CRISPR/ Cas9 injected embryos with lmna indels were significantly decreased compared to those of the CRISPR only injected embryos. Both SCN5A P1824A and KCNH2 R269W showed loss-of-function by electrophysiological study and may contribute to CCSD by simulation study. Of remaining 14 probands, 6 probands had at least one likely pathogenic variant in 15 genes. Three probands harbored novel ‘likely pathogenic’ variants in SCN10A gene, which showed functional changes. 
Conclusion: Nine in 23 probands with CCSD (39%) harbored pathogenic variants in known genes. CRISPR/Cas9 mediated gene knock-out in zebrafish might be useful for evaluating functional properties of protein truncating variants in patients with CCSD.
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