The rule of the rules: dissecting the regulatory signals in RNA
untranslated regions using a black-box predictive model

Abstract

Gene expression Iin eukaryotic cells is controlled by diverse
mechanisms, including the post-transcriptional regulatory layer of
MIRNAs and RNA-protein inferactions in untranslated 5' and 3’
RNA regions. Modern high-throughput experiments allow fraining
highly accurate predictive models of RNA stability and translatfion
depending on the UTR sequences. However, it is not trivial to
extract the exact regulatory logic or formulate the rules that reflect
the molecular mechanisms providing specific RNA activity.

In this study, we used massively parallel reporter assay data
obtained in prof. Goodarzi lab (UCSF) and the predictive model
that yields quantitative estimates of 3' UTR activity based on a
nucleotide sequence. We screened the large CIS-BP-RNA
collection of RNA motifs and generated millions of artificial
sequences carrying strong putative binding sites of diverse RNA-
binding proteins. Next, we performed expert curation of the results
to identify the most impactful signals either positively or
negatively affecting RNA activity, with stable effects for different
UTRs. Finally, we explored individual motifs to hypothesize which
molecular mechanisms might be involved in translation and
stability control.
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3. Running PARADE to predict activity
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2. Prediction and normalization
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MDA-MB-231 — epithelial human breast cancer
— epithelial-like hepatocellular carcinoma
— human T lymphocyte
SW480 — colorectal cancer, large intestine
NALME — B cell precursor, acute lymphoblastic leukemia
PA-1 — epithelial ovarian tumor

Digging for good RNA -binding protein & sequence motif candidates

4. Human curation
Protein: NONO
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Good candidate. The effect is observed on all spacer lengths.

Analyzed 470 motifs (9000+ plots), prioritized only
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Peculiar candidate. Position-dependent effect.
Protein: SNRPA
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Peculiar candidate. Cell-type dependent effect.
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Verifying candidates using shuffled sequences

3. Plotting predicted average normalized activities
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Looking for positional preferences of tandem triples
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