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ABSTRACT 

 

Pediatric neuromuscular diseases are clinically and genetically heterogeneous, with 30–60% of cases remaining 

molecularly undiagnosed after exome or genome sequencing. Diagnostic yields are higher for myopathies and 

muscular dystrophies, whereas neuropathies have lower diagnostic rates despite being associated with a larger 

number of disease genes. Short-read transcriptome sequencing can increase diagnostic yield in an estimated 2.5–

32% of unresolved cases; however, many patients remain undiagnosed. In clinical practice, short-read RNA 

sequencing is often interpreted manually in the context of pre-identified variants of uncertain significance and 

compatible phenotypes, highlighting the need for improved diagnostic strategies. This thesis evaluates advanced 

transcriptomic approaches -- including computational analytics and long-read RNA sequencing -- to improve 

diagnostic and translational outcomes.  

 

First, a best-practice pipeline of open-source computational tools was developed for clinical RNA-seq analysis. 

Using a truth set from a previously diagnosed cohort with muscle- or fibroblast-derived short-read RNA 

sequencing, a selection of RNA analytical tools was evaluated. Ensemble approaches demonstrated greater 

sensitivity than individual tools; however, of 68 confirmed diagnoses, only 28 (41%) were detected, indicating 

that these methods accelerate variant prioritization but do not replace variant-directed manual analysis. 

Application of this pipeline to 74 previously undiagnosed samples identified nine novel candidate splice-altering 

variants. 

 

Second, long-read RNA sequencing was applied to deep intronic variants of uncertain significance in intron 8 of 

IGHMBP2, a gene in which biallelic variants cause neuronopathy and neuropathy. Long-read sequencing was 

required to fully resolve aberrant splicing events incompletely characterized by short-read approaches, enabling 

accurate variant interpretation. These findings informed development of a splice-corrective antisense 

oligonucleotide strategy, which was tested in patient-derived induced motor neurons. ASO treatment corrected 

splicing defects in a subset of variants, restoring full-length IGHMBP2 protein. Transcriptomic and proteomic 

profiling of successfully treated cells demonstrated rescue of known translational defects and identified pathways 

that may underlie undiagnosed neuropathies. 

 

Collectively, this thesis demonstrates the diagnostic and translational value of advanced transcriptomic 

approaches and supports incorporation of long-read sequencing for noncoding variant interpretation in clinical 

practice. 


