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Project Goals: The project goal was to build a computational modeling tool to better
understand transcriptional regulation by analyzing sequence and expression data. This
tool can be used to identify key regulators of transcriptomic differences found in yeast
strains that are tolerant to low pH, thus providing mechanistic insights that can be used
to engineer better strains.

Understanding the “grammar” of transcriptional regulation can help us interpret the
different patterns of gene expression in various experimental conditions and predict gene
expression in untested conditions. Several computational models of gene expression
have been developed in the past that aimed at modeling the expression driven by a
promoter as a function of the sequence (cis elements) and the concentrations of
transcription factors (TF) that bind to the promoter regions (trans elements). Here, we
developed a Convolutional Neural Network-based Sequence-to-Expression Prediction
Tool (CoNSEPT). CoNSEPT extends previous transcriptional regulation models by
capturing a wide variety of non-linear plausible mechanisms that might underlie the gene
regulation. A trained CONSEPT model can be used to identify the TFs’ roles and distance-
dependent interactions between TFs, and to guide the future experimental design by
predicting optimal trans conditions for a particular desired transcriptional profile. Here, we
used CoNSEPT to decipher the transcriptional regulation in Issatchenkia orientalis (10129
strain) using the mMRNA expression profile of about 5,000 genes in 23 conditions with 22
hypothetical TFs. We showed that CONSEPT vyields a better fit to these data than a
baseline linear model. Our future studies will include extending the model by employing
a larger set of TFs and exploiting the trained model for suggesting new experimental
conditions.
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