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External Collaborator Proposal for eMERGE Network Analysis

Project/Manuscript Concept Sheet
	Submission Date
	10/11/2016

	Tentative Lead Investigator (first author with contact information and affiliation)
	Kellis Lab: Abhishek Sarkar, Yongjin Park, Zhizhuo Zhang, Yue Li, Soheil Feizi, Richard Sallari, Gerald Quon. 

Keles Lab: Sunyoung Shin, Cony Rojo, Himel Mallik
Klein Lab: Xing Wang, Mesude Bicak, Mridu Middha

	Tentative Senior Author (last author)
	Manolis Kellis, Sunduz Keles, Robert Klein

	eMERGE Site Sponsor & Contact
	NHGRI

	Project Title
	ENCODE-eMERGE collaboration for blood cell traits

	All other authors 
	ENCODE-eMERGE collaboration consortium



	Other eMERGE Sites Involved
	All eMerge sites that are willing to participate. 

	Background / Significance
	GWAS from eMerge and other studies have identified numerous genetic loci associated with a variety of complex human phenotypes.  Despite this wealth of information, the mechanism(s) by which these variants function to influence human phenotypes remains unclear.  The ENCODE Consortium has generated comprehensive functional genomic data identifying the functional regions of the human genome.  Initial analyses from the ENCODE Consortium has indicated that GWAS-identified phenotype-associated variants can be found in regulatory regions (enhancers) more often than expected by chance.  To begin to disentangle the mechanisms by which these alleles alter human phenotype, we propose to focus on the blood cell traits in eMerge.  Blood cell traits are ideal because cells derived from blood have the most information available in ENCODE and it is expected there will be fewer mechanistic steps between the functional variants and the underlying phenotype compared with more complex disease phenotypes.  We envision that the methods and concepts developed appear will be more broadly applicable, including to other traits in eMerge.

	Outline of Project
	We propose to utilize all GWAS datasets for prediction of relevant cell types and reference annotations from ENCODE, and to utilize enriched annotations for fine-mapping individual loci and for discovering additional loci that do not reach genome-wide significance using genetic information alone. We also propose to exploit the unique nature of the eMERGE datasets to study the relationship of meta-phenotypes with functional genomic datasets, by combining multiple phenotypic variables jointly. Lastly, we propose to exploit the uniquely collaborative nature of the eMERGE and ENCODE consortia, to share intermediate analysis results across analysis groups, thus providing a platform for comparing methods for functional analysis of GWAS. This proposal will serve as the umbrella for collaboration across all groups, and will lead to a marker publication involving the entire group. In addition, we envision that individual analyses led by individual postdocs can lead to companion papers that will be coordinated and focus on specific types of analysis and question. 

	Desired

Variables (essential for analysis

indicated by *)
	Cataracts

Dementia

Diabetic Retinopathy

Height

Hypothroidism

Lipids

PAD

QRS

Red Blood Cells

Resistant Hypertension

Type 2 Diabetes

White Blood Cells

AAA

Ace-I Cough

ADHD

AMD

Appendicitis

Asthma

Atopic Dermatitis

Autism

BPH

C. Diff

caMRSA

CAAD as a Quantitative Measure

Cardio Respiratory Fitness

Childhood Obesity

Colon Polyps

Diabetic Hypertensive CKD/Rapid Renal Decline in Diabetic HTN Nephropathy

DILI

Diverticulosis

Extreme Obesity

Gerd

Glaucoma

Heart Failure

Ocular HTN

Remission of Diabetes after ROUX-EN-Y

Statins for MACE

VTE

Zoster

BMI

	Desired data
	The imputed GWAS data, case and control status for the dichotomous phenotypes, and the quantitative trait values for the continuous phenotypes.

	Planned Statistical Analyses
	1. Determine the relevant cell type for a particular trait.  The first type of analysis we propose is to predict the cell types that are relevant in different eMerge traits in an unbiased fashion, based on enrichment of non-coding annotations. Several ENCODE-GWAS groups have developed methods for testing enrichment of functional genomic annotations in the set of SNPs associated with a particular trait. By testing annotations of regulatory elements (enhancers, promoters) across different cell types, we can provide predictions of the cell types that are the most enriched in each trait, and thus may be relevant for phenotypes of interest.  
2. Determine upstream transcription factors common to GWAS loci for a particular trait.  As numerous lines of evidence support the general hypothesis that many GWAS-identified risk SNPs alter regulatory elements, we hypothesize that for a given phenotype, common transcription factor(s) will act upstream of a set of GWAS-identified risk loci.  Using SNP enrichment approaches, we propose to identify such factors on the basis of both ChIP-Seq and motif analysis.  For motif analyses, we will study all cell types for which epigenomic annotations are available (chromatin states, or DNase hypersensitive regions). For ChIP-Seq analysis, blood (immune and hematopoietic lineages) and liver (HepG2) cell types are the most heavily profiled, and thus the highest impact will be for immune, blood, metabolic, and other related traits.
3. Determine regulatory programs enriched in specific traits.  In addition to testing individual tissues and cell types, we have developed methods for grouping enhancers and regulatory regions into coordinately active modules, namely groups of enhancers that are active in the same subsets of tissues/cell types, on the basis of their epigenomic activity across tissues or cell types.  Using methods similar to those used to test for enrichment in features of particular tissue types, we will ask which enhancer module(s) may be important for particular traits studied in the eMerge consortium.  This approach allows us to integrate different data types that may be present for related but distinct tissue types.
4. Fine map GWAS loci using the ENCODE annotations to predict functional variants.  A major problem in interpreting GWAS is that many variants may be in linkage disequilbrium, making it difficult to determine the likely driver genetic alteration responsible for a given phenotype using genetic information alone.  To address this challenge, we propose to leverage the predictions of functionally relevant classes based on the enrichments computed for each class of regulatory elements, and use them as prior information for re-weighing the genetic evidence in a Bayesian framework, in order to identify putative causative variants at GWAS-identified loci for the various phenotypes in eMerge.
5. Link variants to target genes and gene sets.  Using correlation between epigenomic profiles at particular phenotype-associated variants and gene promoters, we will identify putative target genes.  For a particular phenotype, these results combined with gene ontology enrichment analysis will be used to ask if particular processes and pathways are associated with particular traits in the eMerge data.
6. Identify below-significance variants based on high posterior probability.  Given the ENCODE data, it is possible to derive a prior probability that any region of the genome could harbor a functional phenotype-altering variant.  Using such priors, we will reanalyze the GWAS data for phenotypes in the eMerge consortium to ask if new trait-relevant loci can be identified on the basis of their posterior probability, even when the genetic evidence alone provides insufficient to reach genome-wide significance.
7. Analysis of meta-phenotypes.  In line with the eMerge network’s interest in PheWAS, we aim to use the eMerge data along with ENCODE data to identify meta-phenotypes, or sets of multiple phenotypes that the genetic data may explain better than individual phenotypes. This is leveraging the unique nature of the eMerge network of profiling multiple phenotypes in the same cohort of individuals, and the unbiased nature of Roadmap Epigenomics profiling.

	Ethical considerations
	None

	Available Funding or Resources 
	

	Milestones**
	0. Obtain datasets (October 2016)

1. Determine relevant cell types by enrichment (Nov 2016)

2. Upstream regulators common to multiple loci (Nov 2016)

3. Enriched regulatory programs (Dec2016)

4. Fine-mapping GWAS (Jan 2017)

5. Predict target genes (Jan 2017)

6. Below-significance variants (Mar 2017)

7. Meta-phenotypes (Nov 2016 - Feb 2017)

8. Write manuscript(s) (Mar 2017)

9. Submission (Apr 2017)


** This section should include:  Timeline for completion of project, including approval, project duration, first and second draft of the paper and submission. 
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