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Background

Genome-wide association studies (GWAS), in which hundreds of thousands of SNPs are genotyped across the genome in hundreds or thousands of samples from people who have been characterized with phenotype data, have been highly successful in the last few years in identifying gene regions that are associated with common diseases and other traits.  Most common SNPs with moderate to large effect sizes on the risk of a disease or trait will have been included in the GWAS-identified association regions, either directly or by imputation (with data from the 1000 Genomes Project or other studies).  The larger that the GWAS sample size is, the more that common to moderate frequency SNPs with large to moderate allelic effects will have been included in regions with disease associations.  
However, most successful GWA studies have been able to explain only a small amount of heritability, and it has become increasingly clear that most diseases and traits are affected by variants with a range of frequencies and allelic effects.  It has been proposed that the low level of explained variance results, at least in part, because the genetic architecture of such diseases and traits is composed of many variants that contribute to the risk of these diseases or traits, including rare variants and structural variants.  The research problem then becomes one of identifying, in addition to the common SNPs implicated in the GWA studies, the structural variants and the moderate-to-rare SNPs that also contribute to disease risk.  
The next step after doing a GWA study, at present, generally is to sequence the implicated regions in many samples to determine the complete patterns of variation in those regions.  Imputation methods, where variants that were not typed in the genotyping GWA study are inferred based on their haplotype patterns in datasets such as 1000 Genomes, are reasonably successful at predicting the genotypes of most common SNPs in GWAS samples.  The purpose of the sequencing is to comprehensively identify the variants in the disease-associated regions, especially ones that are poorly imputed (including SNPs with low LD, rare SNPs, copy-number variants, insertions, deletions, and inversions), as well as their frequencies, LD patterns, and disease associations.  These data can then be used to narrow the genotype association peaks and prioritize sets of candidates for subsequent functional studies to identify the causal variants. 
There are several sequencing strategies that can be used for the GWA follow-up studies.  Sequencing may focus on the exons to attempt to identify the coding sequences that contribute to the risk, or it may include the entire disease-associated regions to find variants in both non-coding and coding regions.  The samples chosen for sequencing may include only ones from individuals with extreme phenotypes, to maximize the genetic signal, or may include ones from individuals from across the range of the phenotype distribution, to allow the discovery of variants that may not cause extreme phenotypes.  Rare variants are an important subset of interest, so the sample sizes need to be large.  Since the genetic architectures of various diseases and traits differ, different strategies may be most useful for different types of diseases or GWAS signals.  However, it is not currently clear under which conditions particular strategies would be most useful. 
The NHGRI proposes to issue an RFA to solicit research proposals that will implement a systematic approach to looking at sequence data in GWA studies and learning how to design sequencing follow-up to GWA studies, by completely sequencing association peak regions to produce data sets that can then be used to compare various strategies.  
The projects that will be supported by this RFA will have entire GWAS association regions sequenced in many samples, including ones with either extreme or intermediate phenotypes.  These datasets will capture the comprehensive patterns of variation in those regions.  This will allow the research groups to find the sets of variants most associated with the disease or traits studied and to choose the variants for further study, such as by typing the newly discovered variants in the complete set of samples and doing functional studies.  
Researchers will also be able to use these complete data sets to choose subsets of the data according to particular strategies to be tested, and thus be able to compare how well those strategies would have worked relative to one another.  By doing this for several diseases or traits with evidence for diverse genetic architectures, these studies should provide an underlying large dataset that subsequent analyses can use to help determine the conditions when particular strategies would be appropriate.
Scope and Funding
All GWA studies are eligible for entry into this program, whether they have been supported by NIH (e.g., by the Genes, Environment and Health Initiative (GEI) or other ICs) or by other funding agencies.  They must have had complete genotype and phenotype data sets deposited in dbGaP by the time of the application. 
No funds will be provided for the actual sequencing to be done.  Instead, NHGRI will support the production of the sequence data with the sequencing capacity at one or more of its large-scale sequencing centers.  The amount of sequencing that will be provided for each study will depend on the number and size of regions that are strongly associated with the disease or trait.  The sequencing centers will provide the data to NCBI for release through dbGaP.  All NHGRI and GWAS policies for data release and access will apply to these data.  

Once the sequence data have been produced, each GWAS group will analyze the data from its study; importantly, they will be able to include the variants identified by the sequencing that were not predicted by imputation based on the GWAS genotype data.  Groups will be able to describe the comprehensive pattern of variation and association in those regions, including the distribution of rare variants, variants with low LD, structural variants, haplotypes, and the association relations among the variants, phenotypes, and sample subcategories such as exposure classes.  These analyses should lead to the identification of a set of the variants in the association peak regions that would be candidates for subsequent study, such as genotyping in the entire GWAS cohort and functional studies (although such studies are beyond the scope of this RFA).  
These analyzed data sets will also be released in order to allow both the participating investigators and others to use the data to evaluate the various strategies that could be used to design GWAS sequencing follow-up studies, by looking at the subsets of the data that correspond to those strategies (such as looking only at exons, or only at samples from the extremes of the phenotype distribution).   

Awards under this program will provide support for two aspects of the follow-up sequencing studies:

1.  The GEI program will provide funds, up to $250,000 total costs, for the analysis of the complete sequence dataset from each GWA study.  The length of the award will be one year, starting in June 2010. 
2. To make the resulting sequence datasets as useful as possible for comparing sequencing strategies, the investigators whose studies are chosen will work closely with each other, with the sequencers, and with program staff, before sequence production starts and after the sequence data are produced, to develop required common approaches, such as standard criteria for including GWAS peaks and defining the regions to sequence.  
NHGRI will not provide funds for the analysis of the sequence data generated through this program, for re-consent, for genotyping, for submitting phenotype data to dbGaP, for clone distribution, or for functional studies.  The other ICs may choose to support these additional activities.  

Mechanism of support

The U01 mechanism will be used to support the analysis of the datasets.  Since the design of sequencing studies for GWAS is still in an exploratory stage, strong coordination among the projects will be needed, for example to decide on standard criteria for choosing regions and samples to sequence.  The cooperative agreement mechanism will allow substantial programmatic involvement in coordinating the awardees and the sequencing centers.  
Review and decision processes

A peer review committee organized by NHGRI will evaluate the scientific merit of the proposed sequencing and experimental design for each project.  It will be essential that each proposed study will involve samples that have been properly consented for release of data to dbGaP.  Since the GWAS genotype data should already be in dbGaP, it is anticipated that the consents will be adequate, but NHGRI staff will evaluate the consents prior to application or after the applications are received, to ensure that the consents are consistent with the release of the sequence data in dbGaP.  
Review considerations will include:

1.  Significance of the proposed study:  How significant is the disease and how important would the proposed data be for providing insight into its biology?  Would sequencing be expected to yield useful information narrowing association peaks and providing a comprehensive look at variation in the associated regions?  How many samples are available for sequencing?
2.  Strength of evidence for associations in the proposed regions:  Is the evidence for the associations replicated and convincing?  Are there data from multiple populations?  
3.  Richness of the associated phenotype and environmental exposure datasets.

4.  The suggested plan for sequencing:  How will regions be chosen for sequencing, how large will the genomic regions proposed for sequencing be, how many and what types of samples will be used (e.g., samples that provided strong support for the association peaks, samples with particular haplotypes, samples with types of exposures), what quality of sequence data will be needed, and will special features of particular sequencing platforms be required?  Applicants need to describe all features of the proposed strategy to allow the reviewers to evaluate the applicant’s expertise.  The final experimental design, however, will be decided on by the group of PIs, sequencers, and program staff.  
GWA study applications will be chosen for this program based on:  

1.  Scientific merit of the study, including sample size and expertise in sequence data analysis.
2.  Diversity in the genetic architecture of diseases or traits, across the set of studies.

3.  Breadth of the study consent for studies across many diseases.

4.  Diversity in the populations included, across the set of studies.
NHGRI will try to expand this program by encouraging other ICs to provide additional funding to the sequencing centers for studies in their disease areas.  

Number of projects 

NHGRI anticipates supporting at least 3 projects.  More projects may be supported if other ICs provide partial funding of the sequencing costs. 

Timeline

A notice about this RFA will be put in the NIH Guide in May, 2009, and the RFA should be released in July.  Applications would be due in November, with review in March, decisions in May, sequencing in the summer of 2010, and analysis from spring to fall of 2010.
