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Motivation and Aim: in mammals transcription of genes is precisely regulated by
multiple molecular mechanisms. A crucial part of regulatory process is specific pairing
of promoters and enhancers. Despite recent progress in genome-wide identification of
enhancer sequences, it is not clear what determine specificity of 3-dimentional interactions
between regulatory elements. Recently, several computational algorithms were employed
to predict spatial interactions based on epigenetic signatures of promoters, enhancers
and surrounding genomic regions. Here, we aimed to extend these algorithms to explain
or predict alterations of 3-dimentional organization of chromatin and accompanying
changes of gene expression, induced by chromosomal rearrangements.
Methods and Algorithms: We modify recently published machine-learning algorithm [1]
to predict promoter-enchanter interactions in mouse and human genomes. To train
algorithm and estimate importance of predictors, we used known promoter-enhancer
interactions from [2]. Next, we used the trained model to predict gain or loss of
interactions in genome altered by chromosomal rearrangement. We utilized publically
available mouse (IMPC, Jaxon Lab) and human (OMIM, ClinVar) databases to suggest
phenotypical consequences associated with promoter-enhancer rewiring caused
by chromosomal rearrangement. Finally, we used CRISPR/Cas9 tools to establish
experimental system for validation of model prediction.
Results and Conclusion: We developed a machine learning algorithm to predict loss or
acquirement of promoter-enhancer interactions caused by chromosomal rearrangements.
We estimated impact of different biological features on prediction accuracy and suggested
the optimal set of features. We used the algorithm to predict promoter-enhancer rewiring
caused by defined chromosomal rearrangements. Finally, we showed that CRISPR/Cas9
system can be utilized to validate prediction of developed algorithm.
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