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Non-coding regulatory elements such as in the 3’ untranslated regions (3’-UTR) and enhancer 
regions can regulate gene expression. Variants in these regions are implicated in many diseases, 
but their mechanisms are less straightforward than those in the coding sequence, which may 
directly alter structures of proteins. 

Using a massively parallel reporter assay, we can evaluate the functional effect of thousands of 
such variants by inserting their sequences into a reporter plasmid and observing the resulting 
gene expression changes in a transfected cell line. However, despite the high-throughput nature 
of these assays, the number of possible variants to be evaluated is much larger than could feasibly 
be performed. 

To address this, we built a machine learning model to predict the potential outcomes of the 
MPRAs. Our multi-task model consisted of a convolutional neural network layer (to model motif-
like sequences) and a long short-term memory layer (to model interactions between regulatory 
elements) trained to use the reference and alternative sequences evaluated by the MPRA to 
predict both sequence activity and variant impact. Using the results of MPRA experiments testing 
9,550 3’-UTR variants (918 significant) and 23,122 enhancer variants (4,456 significant), we 
trained models to predict the impact of novel variants. 

Using these predictions, we leverage a larger pool of regulatory variants to integrate impact with 
genome-wide association to identify genes that contribute to substance use disorders. This 
approach has uncovered potential new molecular mechanisms of addiction and potential 
therapeutic targets, showcasing the power of integrating diverse genetic and computational 
approaches. 
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