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Typical messenger RNA (mRNA)

5’ UTR coding exon 3’ UTR

5’ cap poly(A) tail



Typical mRNA: Length Distribution
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What actually gets transcribed?
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What actually gets transcribed?



Are we able to detect introns?

• Introns are spliced out by the splicesome

• Co-transcriptional splicing genome-wide in eukaryotic tissue

• Typical RNA techniques don’t always measure introns



Are we able to detect introns?

Modified figure from Ameur et al., Nat. Struct. Mol. Biol. (2011)

- Introns detected in Total RNA-sequencing



Are we able to detect introns?

- Introns in poly(A) primed RNA-seq

Boutz et al., Genes Dev. (2015) 
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Are introns structured? 

exon exonDDIT4



Are introns structured? 
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RiboSNitch: 5’UTR of Ferritin Light Chain 
(FTL) gene 

Solem et al., WIREs RNA (2015)



Disease-associated variants (DAVs)

• Rare and penetrant variants associated with a disease

• Curated in Human Gene Mutation Database (HGMD) & NCBI 
ClinVar: 360,646

• Hypothesis: there are DAVs that will alter structure in introns 
that in turn affects splicing ability

RiboSPLitches



DAV distribution: precursor-mRNA
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Splicing code
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DAVs in intronic regions of precursor-
mRNAs

Intron

75



DAVs in intronic regions of precursor-
mRNAs

GAYBranch-point Polypyrimidine tract

Near 5’ splice site (34bp) Near 3’ splice site (34bp)
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Impact of DAVs within introns

All DAVs in introns (74359)

RiboSplitches?



Impact of DAVs within introns

DAVs destroy splice sites (27551)

DAVs don’t destroy splice sites (46808)
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Impact of DAVs within introns

DAVs destroy splice sites (27551)

DAVs don’t destroy or create splice sites (45334)
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Splicing code 2.0
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Splicing code 2.0: Intronic Splicing 
Regulatory Elements (ISREs)

Wang et al., Nat. Struct. Mol. Biol. (2012)

• Wang et al.,2012 identified hexamers 

• 87 intronic splicing enhancers

• 50 intronic splicing silencers 
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DAVs destroy splice sites (27551)
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Impact of DAVs within introns

DAVs destroy splice sites (27551)

15.9%
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DAVs create splice sites (1474)

DAVs destroy ISRE motifs (4764)
6.4%
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RNA Secondary Structures aiding 
splicing

Buratti, E. & Baralle, F. E., Mol. Cell. Biol (2004)



RiboSNitch in 5’UTR of Ferritin Light 
Chain (FTL) gene 

Solem et al., WIREs RNA (2015)



Changes in base-pairing probabilities for 
DAVs flanking ISREs

More likely to change structure
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RiboSPLitches



Impact of DAVs on Intronic Splicing 
Regulatory Elements (ISREs)

rs150393520 SEC23B Congenital dyserythropoietic anemia, Type II Russo et al.,2014

Chromosome 20



Predicted structural change for rs150393520
ISS C → T

AATTTA



Conclusions

• Structure can detected within introns

• RiboSPLitches: Intronic RNAs with DAVs that alter structure and 
impact splicing

• By filtering out DAVs that have obvious implications, we are 
able to predict RiboSPLitches
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Structure probing: SHAPE-MaP



Future work

• Genome-wide analysis of RNA secondary structure in intronic 
regions
• Splicing assays
• Verify the impact of DAVs on splicing

• Structure probing assays 
• Perform SHAPE on these specific regions to see if DAVs are altering 

base-pairing of nucleotides



DAV distribution: A typical mRNA
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