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RNA sequencing has improved the diagnostic yield in rare disease, yet current
approaches mainly rely on short read methods with inherent limitations caused
by ambiguously or incorrectly mapped reads. Long-read RNA sequencing
(IrRNA-seq) can capture full-length transcripts to resolve such ambiguities, but
assessment of its application to rare diseases remains limited. Here, we generate
an average of 13.4 million full-length non-chimeric IrRNA-seq reads from a
whole blood cohort of 20 individuals with rare diseases and their unaffected
biological parents, and compare the transcriptome coverage with paired short-
read RNA-seq (stRNA-seq) overall and in known disease-associated (DA) genes.
IrRNA-seq yields more uniform coverage across transcripts compared to srRNA-
seq, and 20.2% of long-read transcripts are greater than 10 kb versus less than 5%
from paired srRNA-seq. From IrRNA-seq we identify a mean of 24,439 isoforms
of which 18.5% are unannotated in GENCODE. Of these unannotated isoforms,
74.3% are in DA genes. We identify a mean of 13 unique fusion transcripts per
sample, all intrachromosomal, but none with an associated variant from paired
long-read DNA sequencing to indicate a genomic structural cause, likely reflect-
ing known stochastic transcriptional read-through to adjacent genes. In one
individual diagnosed with ReNU syndrome (de novo RNU4-2 variant causing a
disorder of the major spliceosome), we show that IrRNA-seq reveals an expected
transcriptome-wide spliceopathy pattern of 5" splice site variation that srRNA-
seq does not detect. Overall, this study establishes a resource of paired IrRNA-seq
and srRNA-seq from a heterogeneous rare disease cohort, and highlights the
challenges and opportunities for applying IrRNA-seq to rare disease diagnostics.
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RNA sequencing has improved the diagnostic yield in rare disease, yet current approaches
mainly rely on short read methods with inherent limitations caused by ambiguously or incorrectly
mapped reads. Long-read RNA sequencing (IrRNA-seq) can capture full-length transcripts to
resolve such ambiguities, but assessment of its application to rare diseases remains limited.
Here, we generate an average of 13.4 million full-length non-chimeric IrRNA-seq reads from a
whole blood cohort of 20 individuals with rare diseases and their unaffected biological parents,
and compare the transcriptome coverage with paired short-read RNA-seq (srRNA-seq) overall
and in known disease-associated (DA) genes. IrRNA-seq yields more uniform coverage across
transcripts compared to srRNA-seq, and 20.2% of long-read transcripts are greater than 10 kb
versus less than 5% from paired srRNA-seq. From IrRNA-seq we identify a mean of 24,439
isoforms of which 18.5% are unannotated in GENCODE. Of these unannotated isoforms, 74.3%
are in DA genes. We identify a mean of 13 unique fusion transcripts per sample, all
intrachromosomal, but none with an associated variant from paired long-read DNA sequencing
to indicate a genomic structural cause, likely reflecting known stochastic transcriptional
read-through to adjacent genes. In one individual diagnosed with ReNU syndrome (de novo
RNUA4-2 variant causing a disorder of the major spliceosome), we show that IrRNA-seq reveals
an expected transcriptome-wide spliceopathy pattern of 5’ splice site variation that srRNA-seq
does not detect. Overall, this study establishes a resource of paired IrRNA-seq and srRNA-seq
from a heterogeneous rare disease cohort, and highlights the challenges and opportunities for
applying IrRNA-seq to rare disease diagnostics.



