	Cell Line
	Cancer
	TF CHIP-seq
	Histone CHIP-seq
	EnhancerSeq
	RNA-seq

	K562
	CML
	209
	12
	Y
	Y

	GM12878
	normal blood
	101
	11
	Y
	Y

	HepG2
	Liver Cancer
	97
	11
	N
	Y

	MCF-7
	Breast Cancer
	51
	5
	Y
	Y

	A549
	Lung Cancer
	32
	11
	N
	Y

	HeLa
	Cervival Cancer
	60
	11
	N
	Y

	Cell Line
	Cancer
	TF CHIP-seq
	Histone CHIP-seq
	EnhancerSeq
	RNA-seq




	Cell Line
	eCLIP
	DNase-seq
	Hi-C
	MMBS/RRBS
	RepliSeq
	siRNA/shRNA RNAseq

	K562
	Y
	Y
	Y
	Y
	Y
	Y

	GM12878
	N
	Y
	Y
	Y
	Y
	N

	HepG2
	Y
	Y
	N
	Y
	Y
	Y

	MCF-7
	N
	Y
	Y
	Y*
	Y
	Y

	A549
	N
	Y
	N
	Y*
	N
	N

	HeLa
	N
	Y
	N
	Y*
	Y
	N




[JZ2MG] The above table is too long, so I cannot put it in only one line



Using the ENCODE regulatory data to interpret non-coding somatic variants

Long Abstract

Overwhelming number of mutations in cancer genomes occur in the non-coding regions, while we really understand impact of mutations well in a very limited number of cancer genes. The new release of the ENCODE data allow us to bridge these two disparate facts.

First, the new ENCODE data enables precise genome-wide background mutation rate calibration in a variety of tumors by separating the effect of well-known confounders, such as replication timing and chromatin status. As a result it allows accurate mutation burden quantification. Besides, we integrated large scale of CHIP-seq, DNASE-seq, Enhancer-seq, and CLIP-seq from the ENCODE project to define various distal (enhancers) and proximal (DNA & RNA protein binding sites) regulatory elements and provided their high confidence linkage to annotated genes through Hi-C and ChIA-PET data. Hence, we extended our burdening analysis from protein coding genes to gene complex by incorporating such elements. Results showed that such integrative scheme outperforms coding gene only analysis by discovering more sensible burdened regions. For example, our scheme does not only predict some well-known drivers such as TP53 and ATM in CLL, but also picked up other key genes such as BCL6 that is missed by protein coding gene only analysis, which is highly associated with patient's prognosis in CLL.

Second, we integrated the ENCODE transcription factor (TF) CHIP-seq, Histone modification CHIP-seq EnhancerSeq, and Hi-C data to build up a high confidence TF-gene regulation network through interactions from both promoters and enhancers regions. Hence the degree of network rewiring (ie gene target change) for each TF was quantified through comparison among loosely paired tumor and normal cell lines. A list of highly rewired TFs, such as NRF1 and MYC in blood cancer, were prioritized as key regulatory elements from the normal to tumor cell transition. The regulation activity of such TFs was discovered to be associated with tumor progression. We find most of gene expression changes in cancer can be attributed to rewiring and changes in chromatin rather than direct mutational effects. Besides, we further investigated the cooperation and competition relationships among TFs to prioritize those that experienced dramatic TF-TF association changes. Hierarchy analysis in the TF-TF network demonstrated that the highly burdened TFs tend to be at the bottom layer of networks. In addition, our network clustering analysis provided us insights of tumor and normal specific networks, which might be key to cancer progression.

Third, we use our regulatory analysis to prioritize various TFs and other RNA level regulators. In particular, we prioritized ZNF687 as a key TF for breast cancer and SUB1 as a key RNA binding protein for liver and lung. ShRNA RNA-seq experiments after knocking down such elements validated their effect on gene expressions in corresponding cell lines. 

[bookmark: _GoBack]Finally, we proposed an integrative scoring workflow to prioritize SNVs in the key elements and network hubs mentioned above according to their putative deleterious impact. small -scale Validation results from luciferase assay show that almost all of our prioritized variants significantly affect gene expression. We believe that our proposed methods and the released data set can serve as useful tool/resource for the cancer community.

Short AbstractAuthors in this paper include members from several labs from ENCODE cancer group and other analysis groups within ENCODE, such as Mark Gerstein lab, Kevin White Lab, Shirley Liu Lab, Robert Klein Lab, Feng Yue lab, David Gilbert Lab

The overwhelming number of mutations in cancer genomes occur in the non-coding regions; in contrast, we understand the impact of mutations well in a only very limited number of cancer genes. The new release of the ENCODE data allow us to bridge these two disparate facts. First, the new ENCODE data enables precise genome-wide background mutation rate calibration in a variety of tumors by separating the effect of well-known confounders, such as replication timing and chromatin status. Furthermore, by integrating large scale of CHIP-seq, DNASE-seq, Enhancer-seq, Hi-C and ChIA-PET data from ENCODE, we are able to define with high confidence distal and proximal regulatory elements and their linkages to annotated genes. This enables us to create extended gene definitions containing linked regulatory elements, and we are able to show these extended elements outperforms coding region only analysis in terms of burdening. In particular, in CLL it allows us to find well-known drivers such as TP53 and ATM in CLL, but also pick up other key genes such as BCL6, which can then be associated with patient prognosis. Second, we integrated the ENCODE data to build up a high confidence TF-gene regulatory network. This enabled us to identify highly rewired (i.e. target changing) TFs, such as NRF1 and MYC in comparing tumor and normal samples. By integrating large-scale chromatin features, we demonstrated that such massive rewiring events between tumor and normal cell lines are mainly due to the chromatin status changes instead of direct mutation effect from either motif loss or gain. Furthermore, we also found that TFs with more frequent burdened binding sites tend to be located at the bottom hierarchy of the TF regulation network.  We further investigated the cooperation and competition relationships among TFs to prioritize those that experienced dramatic TF-TF association changes. In addition, our network clustering analysis provided us insights of tumor and normal specific networks, which might be key to cancer progression. Third, we use our regulatory analysisintegrated various regulatory data from ENCODE with large scale RNA-seq data to prioritize various TFs and other regulatorsproteins that is key to tumor and normal differential expression. [[more integrated]] In particular, we prioritized ZNF687 as a key TF for breast cancer and SUB1 as a key RNA binding protein for liver and lung cancer and validated them through knock out experiments. Finally, we proposed an integrative scoring workflow to prioritize SNVs in the key elements and network hubs mentioned above according to their putative deleterious impact. Small -scale validation results from luciferase assay show that almost all of our prioritized variants significantly affect gene expression. 




1


R 1t it o ot sy oo

Using the ENCODE regulatory data to
interpret non-coding somatic variants

Long Abstract
e o v e o ENCODE o o e

e s of e by peiog e el o el oo,




