C. Contribution to Science

Human Genome Annotation & Interpretation of Variants
The Gerstein lab has made a number of contributions to developing large-scale human genome annotation, ranging from noncoding RNAs to enhancers to pseudogenes, and using these annotations to interpret variants in personal genomes in a functional context. Our tools address both germline and somatic variants.  Our interpretation scheme ranks these variants in relation to their deleteriousness in causing disease, and also interprets potential functional effects. 
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Personal Genomics & Privacy
The unique character of each individual’s genome has potential impacts ranging from disease propensity to physical appearance to intelligence. We have developed tools to build personal genomes from DNA-sequencing data and to link molecular phenotypes such as gene expression to differences in parental alleles. We have also developed tools to address the critical question of whether it is possible to share molecular data without compromising the identities or the highly personal genetic information of sample donors.
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Comparative & Integrative Genomics
We have developed a number of approaches for comparing the human genome to the genomes of model organisms. Our comparative analyses, particularly for the transcriptome, have yielded conserved principles of regulation. We have also developed integrative models that relate the transcriptome to the epigenome, and for combining these together to improve regulatory region annotation.
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Analysis of Diverse Networks
Network representations can be applied consistently to many different types of biological data. We have developed tools to build and analyze regulatory networks, protein-protein interactions and metabolic pathways, identifying key nodes such as hubs and bottlenecks. Moreover, we have integrated networks with dynamic gene-expression data (identifying transient hubs), 3D-protein structures, and other regulatory data to find large-scale regulatory principles for biological systems.

M Gerstein, A Kundaje... (50 authors)... R Myers, S Weissman, M Snyder (2012). " Architecture of the human regulatory network derived from ENCODE data." Nature 489: 91 [PMC4154057]
D Wang, KK Yan, C Sisu, C Cheng, J Rozowsky, W Meyerson, M Gerstein (2015). “Loregic: a method to characterize the cooperative logic of regulatory factors.” PLoS Comput Biol 11: e1004132. [PMC4401777]
PM Kim, LJ Lu, Y Xia, M Gerstein (2006). “Relating three-dimensional structures to protein networks provides evolutionary insights.” Science 314:1938-41. [PMID17185604]
C Cheng, E Andrews, KK Yan, M Ung, D Wang, M Gerstein (2015). “An approach for determining and measuring network hierarchy applied to comparing the phosphorylome and the regulome.” Genome Biol 16: 63. [PMC4404648]

Tools for Processing Next-Gen Sequencing Data
Next-gen sequencing has been one of the most exciting advances in the biological sciences, producing data on an unprecedented scale.  This has given rise to the need to create new tool sets that can process very large-scale data very efficiently.  We have developed tool sets that address a wide range of biological problems from sequencing data, including calling structural genetic variants and annotating specific regions of biological activity.
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