PROJECT SUMMARY

[bookmark: _GoBack]Rapid advances in sequencing technologies have enabled the identification of tens of millions of variants in the human population, most of which lie in the noncoding regions. Several initial studies have already demonstrated that noncoding variants can modulate gene expression and thus lead to cancer and other disorders. However, little is known about the functional impact of the vast majority of these variants. This marked lack of functional insight has become a major bottleneck for the large number of ongoing whole-genome and whole-exome sequencing projects and severely hinders our ability to convert this deluge of genomic information into useful biological or therapeutic applications. To address this issue, this proposal brings together three groups with complementary expertise in developing and implementing high-throughput systems biology technologies (Yu lab at Cornell), in detailed biochemistry and molecular biology studies of gene regulation (Lis lab at Cornell), and in large-scale genomic analysis and modeling (Gerstein lab at Yale). Here, we propose to develop and optimize three novel genomic technologies: (1) MegaMut, an en masse site-direct mutagenesis pipeline that is capable of generating tens of thousands of predefined mutations (one mutation per DNA molecule) for thousands of enhancers, at least an order of magnitude higher throughput than currently existing methods; (2) STROBE-seq, a massively parallel quantitative enhancer function assay that couples an established enhancer screening method (STARR-seq) with nascent transcript analyses of Global Run-On sequencing (GRO-seq); and (3) CHAIN-seq, an innovative sequencing strategy that uses chains of paired barcodes to enable us to sequence long DNA fragments, essentially eliminating any length limit of STROBE-seq. Using these three technologies, we will develop a high-throughput pipeline to quickly clone and quantitatively examine the impact of >20,000 noncoding variants on ~3,000 enhancer elements. Furthermore, the ultra high throughput of the three new technologies enables us to implement for the first time a three-stage computational-experimental-integrated learning with real-time experimental parameter optimization through a total of 8 rounds of iterative evaluation and refinement. Finally, we will establish an integrated classifier model, ReEnAct, to identify high-impact noncoding variants. Key innovative features of ReEnAct include: (1) prioritizing variants leading to gain of new transcription-factor (TF) binding sites (in addition to disruption of existing sites), and (2) prioritizing variants associated with variable, allele-specific activity. While most current prioritization pipelines (such as CADD and GWAVA) focus on identifying “deleterious and pathogenic” variants, ReEnAct is designed to predict specific molecular phenotypes (i.e., effects on individual enhancer activities) for all noncoding variants genome wide. These predictions are vital for selecting actionable drug targets and for making tailored therapeutic decisions, which are all crucial for the Precision Medicine Initiative.
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