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Splicing is Regulated by Different
Proteins and Complexes
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(Wang & Cooper, 2007)

e Spliceosome machinery
* Exonic/Intronic splice enhancers and silencers
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Aberrant Splicing Contributes to and
Underlies Disease Phenotypes

Evidence of selection on splicing-

associated loci in human populations and RNA splicing is a primary link
relevance to disease loci mapping between genetic variation and disease
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Specific Aims

* Aim 1: Develop, construct and test reporter
splicing reporter assay to simultaneously test
the impact of thousands of intronic and exonic
variants on splicing efficiency (Variant exon
sequencing/Vex-seq)

* Aim2: Analyze splicing outcomes

— Provide insight into candidate mechanisms of
variant induced splicing changes

— |dentify potential biases and strengths of
approach
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Test Exon Design

* Exon selection (110 total exons)
— Cassette exons based on Gencode v19 annotations
— 68-97 bases long (limited by synthesis)

* Variant selection (2,059 variants)
— Based on ExAC database (Lek et al., Nature 2016)

e Controls
— Reference sequences
— Barcodes in technical triplicates
— Splice site sequence controls

* Synthesis platform

— Agilent assay synthesis 7,500 oligos x 230 nucleotides
long
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Test Exon Design

Pstl Mfel Spel Xbal
¢ N Y

5'P | Intron | Exon 2 |Intron|B|3'P

< > < =
>20 nuc

>50 nuc (will
contain almost all
branchpoints)

Created for CAGI 2018 genomeinterpretation.org Scott Adamson



Approacn

Pstl

Y

Mfel Spel Xbal

x7,490 designed from 110 exons with 2,059

R

hetic Oli leotide Pool |5’ | ' : ;
Synthetic Oligonucleotide Poo SPhlntron‘ Exon 2 Intrond_BVBP variants

Test Exon

PCR amplify with 5'P and 3'P primers
Digest with Pstl & Xbal

A

Barcode L pst]  Xbal

Promoter' Exon 1
A

. Poly(A)
Ligate Site
f
Y
- Pstl Mfel Spel Xbal
) _ Y _ ' Ay K
‘Promoter | Exon 1 { Exon 2 ——— B
A
Test Exon
8 Poly(A)
Site
Y _ N
Digest with Spel and Mfel Exon 3
Ligate
Y
- PstI Xbal
| ‘ Y . : _/
~——Promoter Exon 1 | - Exon 2 ' Exon 3 .B_\
A
Test Exon
A Poly(A)

Site

Created for CAGI 2018

genomeinterpretation.org

Scott Adamson



Approach
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Computational Pipeline of Results
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Splicing Quality Control: Barcode
Replicate Splicing is Well Correlated
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HepG2 replicates

K562 replicates

Splicing Quality Control: Biological
Replicate Splicing is Well Correlated
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Positive and Negative Controls Exhibit
Expecting Splicing Behavior
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HepG2 W

Similar Splicing Behaviors Between
K562 and HepG2 Contexts
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Changes in Splicing Result from
Predictable Splice Site Alterations and
Other Sources
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Splice Site Strength is Significantly Correlated for
to Splicing Changes at Splice Sites
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Exonic Splicing Regulatory Elements are
Significantly Correlated with Splicing Changes

ESEseq dataset provides enrichment of all hexamers as exonic
splicing enhancers or silencers (Ke et al., Genome Res; 2011)
ESEseq score for each hexamer associated with

splicing behavior of gained and lost hexamers
between reference and variant sequences
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Advantages Disadvantages

* Able to testintronic  « Variant sampling

variants differences*

* Known number of * Non-sense Mediated
total reads for each D "

ecay

construct o

* Sequencing DNA ) Un.ar.1t|C|pated
construct, while splicing outcomes
useful is not * Limited reporter
necessary context

*More analysis in paper
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Conclusions

* Successfully constructed a splicing reporter
assay to interrogate the impact of variants on
splicing behavior

* |nvestigated broad level influences from
exonic splicing regulatory elements and splice
site strength

* |nvestigated conservation of loci that change
splicing
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Technical CAGI Specific Notes

e Results in the paper (and presented here)
reflect the average splicing behavior or K562
and HepG2 splicing outcomes

— CAGI test was only on HepG2 data

e After training and test data were submitted to
CAGI we did some barcode QC and filtered out
a small number of barcodes (~1.82%)
— | don’t imagine this will change results

qgualitatively, but may explain some minor
differences between CAGI W/AW values and

published values
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Interested in Studying K562 Data or
Other Analysis?

* Paper:
— https://doi.org/10.1186/s13059-018-1437-x

* Github (dig into pre-processed data / K562 AW
values)
— https://github.com/scottiadamson/Vex-seq

 GEO (raw data available)

— https://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?
acc=GSE113163
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