A large scale integrative resource from ENCODE for cancer research
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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 to assess the potential for non-coding mutations to dysregulate genes.
In this paper, we first developed a regression based model for background mutation rate calibration by removing both internal and external confounding effects. To maximize the statistical power of burden analysis, we then integrated diverse assays for 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 to define an extended gene neighborhood a whole test unit. This 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 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. 
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]Furthermore, we 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. 
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.


V1
[bookmark: OLE_LINK66][bookmark: OLE_LINK67]Most of the mutations in cancer genomes are occur in the noncoding regions where. The  their overall impacts and effect of these isare not nearly as well understood characterizedas those in the coding regions. The reason encode annotation of these vast expanses of non-encoding regions can help interpret these non-coding mutations. 	Comment by jingzhang.wti.bupt@gmail.com: Coding and noncoding too repeatative
Here we in Denverendeavor toto create a companion annotation resource for to the main encoding ENCODE encyclopedia to focused on helping to interpret symantec, non-coding symantec variantsthe noncoding variants. 
To do this, wWe first first used a large amount ofintegrated  functional genomic signals in various encode cell types to construct highly accurate model background mutation made rate models, which can be used to find overburden region in the genomfor burden analysise.  
ThenTo maximize the statistical power, we build built a more compact encode annotation with a smaller, and more accurate number of enhancers. This enables, this maximizes power in burdening calculations. Furthermore, weand  show howlinked these non-coding elementsthem can be accurately linked to coding genes through integrating much experimental data, and howto define building  extended genes further helps in these burdening calculations.; finding for instance, some genes to be burdened that are not found by themselves. We identified burdened genes with prognostics values. 
We constructed regulatory networks to interpret the expression and mutation profiles of cancer patients. Specifically, we prioritized key regulators, such as MYC and SUB1, and validated them to knock downs experiments. We further Then we show how the encode annotation and linkages can be used to construct regulatory networks, which enable one to get a sense of how the overall regulation changes in oncogenesis. 
From looking at these regulatory networks, we were able to use them to interpret the large amount of expression data, gene expression data, from cancerous tissue. We can find that we can prioritize certain key transcription factors, such as the well known myc. We'll also, RNA, binding proteins, we validate these predictions to knock downs. 
Then we show how we can construct cell type physic networks and look at how they change in a few select cancers for which we have a lot of associated data, such as those for the breasts, lung, liver, and blooddirectly measured the rewiring status of TFs in cell type specific networks . Here we can see certain transcription factors that tend to rewire extensively in thisduring normal-to-tumor transformation, and also how categorize this it rewiring relates to either moving either forwardtoward, or away, from a more stem-like state.
Finally, we see that most of this rewiring can be described in terms of chromatin changes, and not in terms of mutations. Finally, we show howintegrated the overall regulatory network and rewiring, couples with the burdening calculations and measurements of gene expression changesthese analyses can be used  to prioritize key elements features in cancer and. We validated a number of thesethem in a breast cancerMCF-7 system.



V2
[bookmark: OLE_LINK68][bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58]Most of the mutations in cancer genomes occur in the non-coding regions, yet most of the characterized drivers in cancer are in coding regions. It is important to investigate This [inaudible 00:00:14] a conundrum. Twhether o what degree are changes in the non-coding noncoding regions are functional functional and important in cancer progression? . Here, We we show how we can reformulate the end codeENCODE data into a companion resource to address this question. 
In particular, we show how we can use integrate the ENCODEend code data to calibrate precise models for background mutation rate models ands and more accurately find recurrent mutations and burden regions in cancer genomes. 
Then we show demonstrate how the more advanced essays from ENCODEend code, particularly star seekSTARR-seq and the high CHi-C, can be usedhelp to develop a more compact annotation, which is for better statistical powered for to finding find recurrent burdened regions and also linking them to genes. 
Next, we build ENCODE regulatory networks to pinpoint key regulators during the oncogenic transformation and validate them by knock-down experiments.Next we We also show how the end code and data could be used to construct a regular tray network for cancer associated cell cell-type specific networkss and how we can see how this regulatory to measure regulatory network changes in the course ofduring oncogenesis showing how certain TFs tend to be greatly rewired. Often this rewiring is  and catalog them to either moving involved in revering totoward or away from a more stem-like state, particularly for edge losers.
[bookmark: OLE_LINK54][bookmark: OLE_LINK55]We also show how the end code regulatory network indicates certain regulators are key and the oncogenic transformation and we can validate these regulators, particularly from doing a small scale knock down experiments. We further who how we can use theintegrate the overall end codeENCODE resource to prioritize non-coding elements and specific mutations as being important in cancer and then to validate these elementsthem in further small small-scale studies.
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[bookmark: OLE_LINK71][bookmark: OLE_LINK72][bookmark: OLE_LINK61][bookmark: OLE_LINK62][bookmark: OLE_LINK63][bookmark: OLE_LINK75][bookmark: OLE_LINK76][bookmark: OLE_LINK77][bookmark: OLE_LINK78][bookmark: OLE_LINK64][bookmark: OLE_LINK65]Cancer genomes, mMost of the mutations in cancer genomes occur in the non-coding regions. Yet while almost all of the characterized driving driver mutations occur in the coding parts. This creates a central conundrum whether the non-coding regions, the genome, have functionally important mutations during oncogenesis. The encode ENCODE data set provides a platform for addressing this question. In particular, we develop a companion resource based on this data that addresses this question. First, we show how the ENCODE encode data can be used to develop accurate models for background mutation rates, to accurately find recurrent mutations in cancer genome mixed datasets. Then we show how the advanced encode assays, particularly the [StarSeek 00:01:27] and the Chia Pet enable us to develop highly accurate definitions of enhancers and the linkage in enhancers to genes to make for a compact annotation that is more powered for finding recurrent regions. Then to link these non-coding regions into extended gene, to which also that are able [to burdening 00:01:56] calculations. 
Next, we show how the encode data can be used to build extended regulatory networks in cancer associated cell types and to see how these regulatory networks change between tumor and normal states. We observe in these contexts extensive rewiring of various sub-networks with many of the transcription factors that tend to be losing edges, moving in a more stem cell-like direction. We find that most of these rewiring changes are better attributed to chromatin changes than direct effects of a mutation. Finally, we show how the encode regulatory network can be used to prioritize key transcription factors and also RNA-binding proteins based on gene expression and cancer tissue. We can validate this prioritization with knockout experiments. We further use the encode, our resource to prioritize non-coding elements and mutations and show that these also can be validated in small-scale experiments.  


New abstract. 
[bookmark: OLE_LINK97][bookmark: OLE_LINK98][bookmark: OLE_LINK111][bookmark: OLE_LINK112]V4 (149 words)
[bookmark: OLE_LINK109][bookmark: OLE_LINK110]Most somatic mutations in cancer are noncoding while the characterized drivers are predominantly located in coding regions, creating a central conundrum whether the noncoding regions are functionally important during oncogenesis. Here we endeavor to create a companion resource to the ENCODE encyclopedia to address this question.
In particular, we integrate the ENCODE data to precisely calibrate background mutation rates and synthesize advanced essays, especially STARR-seq and Hi-C, to develop compact annotations and accurate gene linkages to achieve better statistical power for burden analysis. 
[bookmark: OLE_LINK89][bookmark: OLE_LINK90]We also construct regulatory networks to interpret cancer expression and mutation profiles and pinpoint key regulators such as MYC and SUB1. We build cell-type specific networks to directly measure regulatory changes during oncogenesis and classify them to either moving toward or away from a stem-like state.
Finally, we integrate the overall ENCODE resource to prioritize noncoding elements and mutations and then validate them through small-scale studies.

[bookmark: _GoBack]V5(150 words)
[bookmark: OLE_LINK108]Most mutations in cancer occur in the noncoding regions where their impacts are not well characterized. Here we endeavor to create a companion resource to the ENCODE encyclopedia to interpret the noncoding variants.
In particular, we integrate the ENCODE data to precisely calibrate background mutation rates and synthesize advanced essays, especially STARR-seq and Hi-C, to develop compact annotations and accurate gene linkages for better statistical power in burden analysis. As a result, we identified burdened genes with prognostics values. We constructed regulatory networks to interpret cancer expression and mutation profiles. Specifically, we prioritized key regulators, such as MYC and SUB1, and validated them through knock-down experiments. We directly measured the rewiring status of TFs in cell-type specific networks during oncogenesis and categorize them to either moving toward or away from stem-like state. Finally, we integrate the overall resource to prioritize noncoding elements and mutations and validate them through small-scale studies.
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