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PARADE: deep learning for prediction and rational design
of untranslated regions with desired tissue-specific expression
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Motivation and Aim: Gene expression is a multi-level process that determines the
morphological and functional characteristics of a cell. Different levels of gene
expression are controlled by diverse regulatory mechanisms, from DNA epigenetic
marks to post-translational modification of proteins. A significant regulatory layer is
mediated by mRNA untranslated regions (5'UTR and 3'UTR), which significantly
influence the mRNA translation and stability of the transcribed RNA molecules.

With the advent and rapid development of massively parallel reporter assays, it became
possible to profile the regulatory effects of thousands of UTRs and identify and model
the sequence-level regulatory grammar with the help of deep learning. Yet, existing
studies fail to properly capture and predict the UTR-dependent pattern of cell type-
specific mRNA translation and stability.

Methods and Algorithms: This study uses the results of MPRAs [1] performed with
20k+20k 5' and 3' UTR sequences in five distinct cell types. To analyze the data, we
adapted the LegNet neural network [2] to the regression of the normalized reporter
fluorescence from the UTR sequence in the particular cell type. The neural network was
implemented in Python within the PyTorch framework.
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Fig. 1. Simplified double regression task. A neural network model is trained to simultaneously
predict UTR sequence expression and expression difference from the mean
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Results and Conclusions: Here we present the PARADE (Prediction and rational design
of RNA UTRs) framework, a deep learning solution for estimating cell type-specific
activity of 5'- and 3'UTRs, and performing rational design of UTR sequences constrained
by desired expression patterns. To generate new sequences, PARADE employs
3 different methods: fine-grain filtering of random sequences, genetic algorithm, and
diffusion-denoising neural network. The performance of the methods was evaluated and
validated experimentally.

In the end, PARADE predicts the expression levels for the test set with r = 0.824 for
5’UTR and r = 0.793 for 3’UTR sequences, outperforming the previous specialized
Optimus-5-prime model [3], and successfully generates sequences with desired
directional tissue-specific activity.
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