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[[JZ2MG: I think the current background in the abstract is way too long]]
Cancer is caused by mutations in the DNA which disrupt the normal physiology of cells. While mutations on coding genes have been well characterized, the preponderance of mutations in tumors occur in non-coding regions and are still poorly understood. The new release of the ENCODE data provides an opportunity to bridge these knowledge gaps. For a variety of cancer-derived cell lines, as well as non-cancerous cell lines derived from relevant tissues, ENCODE provides diverse genome-wide assays, such as Repli-seq, ChIP-seq, DNase-seq, STARR-seq, Hi-C, and ChIA-PET. The resulting data and functional maps of the human genome provide a framework to assess the potential for non-coding mutations to dysregulate genes.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]In this paper, we first developed a regression based model for background mutation rate calibration by removing both internal and external confounding effects. Tfio maximize the statistical power of burden analysis, we thenrst integrated integrated diverse assays from ENCODE to definefor high-confidence core regulatory elements definition and confined burden tests on a minimum set of high-confidence annotations. To improve functional interpretability, we synthesized multiple evidence to link these regulatory elements to coding genes and their gene linkage to define the an extended gene neighborhood a whole test unit. We also developed a regression based method for background mutation rate calibration. It removes confounding effects from chromatin and replication timing and search for genes with higher than expected mutation frequency in the extended gene neighborhood. ThisThis multi-level integrative approach successfully identified novel highly mutatedburdened genes, such as BCL6 in leukemia, that are associated with patient prognosis.
Besides, we also built up generalized transcription factor (TF) and RNA binding protein (RBP) networks based on thousands of ChIP-seq and eCLIP experiments and formatted them into hierarchies. Intriguingly, we found that the top-level TFs, which tend to regulate other TFs, are enriched with cancer related genes and more significantly drive gene expression. After combining with cancer expression profiles, we pinpointed key regulators such as MYC and SUB1 that significantly drive tumor to normal differential expression and then validated their effects through knockdown experiments. 
Furthermore, integrated extensive binding profiles from ENCODE towe  build built up tissue specific regulatory networks in top tier cell lines to directly measure regulatory changes during tumor transformation and identified highly “rewired” TFs with changed targets and prognostic value, such as IKZF1 and MYC. We also found the massive “rewiring” events in tumor cell lines are often involved in large chromatin and expression changes, but to a less degree of motif gain or loss events.for both transcription factors (TFs) and RNA-binding proteins (RBPs). Intriguingly, through networks hierarchy analysis we found that TFs with higher mutation burden tend to be located at the bottom of the hierarchy (e.g., EZH2 and NR2C2), whereas those with dysregulated expression tend to reside at the top. Furthermore, by comparing tumor and normal network, we identified highly “rewired” TFs with changed targets and prognostic value, such as IKZF1 and MYC. We then extended tissue specific network to build up generalized networks across cancers. After combining with expression profiles from other cohorts, we pinpointed MYC and SUB1 as key regulators that significantly drive tumor to normal differential expression and then validated their effects through knockdown experiments. 
Finally, we synthesized our results into a companion ENCODE encyclopedia for cancer (EN-CODEC) and proposed a prioritization scheme for key mutations in cancer. We successfully identified active enhancers and seven high impact mutations therein in breast cancer and validated their functional effects through luciferase assays.

Short version : 243 words

[[JZ2MG: I think the current background in the abstract is way too long]]
In this paper, we endeavor to collect diverse genome-wide assays in ENCODE to deeply annotation the cancer genome. We first developed background mutation rate calibration model by removing both internal and external confounding effects. To maximize the statistical power, we integrated diverse assays to identify core regulatory elements and confined burden tests only on high-confidence extended gene annotations. Such multi-level integrative approach successfully identified novel burdened genes, such as BCL6 in leukemia, that are associated with patient prognosis.
Besides, we also built up generalized transcription factor (TF) and RNA binding protein (RBP) networks based on ChIP-seq and eCLIP experiments and placed them into hierarchies. Intriguingly, the top-level TFs are enriched with cancer related genes and more significantly drive gene expression. We also pinpointed key regulators such as MYC and SUB1 that significantly drive tumor-to-normal differential expression and then validated their effects through knockdown experiments. 
We further built up tissue specific regulatory networks in top tier cell lines to directly measure regulatory changes during tumor transformation and identified highly “rewired” TFs with changed targets and prognostic value, such as IKZF1 and MYC. We also found the massive “rewiring” events in tumor cell lines are often involved in large chromatin and expression changes, but to a less degree of motif gain or loss effects. 
Finally, we synthesized our results EN-CODEC resource and proposed a variant prioritization scheme. We successfully identified seven high impact mutations in breast cancer and validated their functional effects through luciferase assays.
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