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3. Timeline: Data analysis to start immediately, completion of data analysis and 

drafting of the manuscript over the next year. 

 

 

4. Rationale: Recent genome-wide association studies (GWAS) have identified 

multiple loci for serum uric acid levels and gout.
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 Many of the index GWAS SNPs 

identified are either in intronic or intergenic regions with unknown function.  Moreover, 

together, the SNPs at these loci explain only a small proportion of the variance in serum 



urate, suggesting that additional variants, including rare variants, at these known loci, and 

new loci remain to be identified.  Thus, sequencing approaches are necessary in order to 

further characterize variants at known loci and to identify novel, rare variants that may 

account for the “missing heritability.”   

 

Therefore, we propose to use next generation sequencing to identify additional variants 

and analyze their association with serum uric acid and gout. This will be a multi-layer 

project, beginning with the sequencing of exons, promoters, and flanking regions of 

candidate genes identified from previous GWAS of urate (Hixon’s ancillary proposal).  

Subsequently, we will analyze the exome chip and exome and whole genome data 

generated from CHARGE-S for association with serum urate and gout.  Results from the 

aforementioned analyses will be combined with other cohorts from either the CHARGE 

Consortium or other collaborators from the Global Urate Genetics Consortium for meta-

analysis.  

 

 

5. Main Hypothesis/Study Questions: 

Common and rare SNP are associated with serum urate levels and gout. In addition to the 

known GWAS loci, novel loci will be identified through sequencing. 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

The design of the sequence study are case-control (Hixson’s ancillary study) and case-

cohort (CHARGE-S).  In the case-control, cases were defined as those with self-reported 

gout and controls were those with serum urate <5
th

 race-specific percentile and reported 

no gout.   

 

We will exclude individuals without genetic consent, has no genotype data, or has no 

serum urate data. 

 

A brief description of the statistical analysis plan is provided below:  

 

 Single SNP (MAF>1%) analyses: we will perform linear (urate) or logistic (gout) 

regression for each outcome on additive coding of SNP genotype. Additional 

exact p-value or permutation p-value will be provided for rare variants 

(MAF<5%). Number of replicates in the permutation should >1/pval from 

regression. 

 Secondary analyses of aggregated effects of multiple nonsynonymous SNPs in 

each gene. 

o Weighted sum approach by Madsen and Browning (A Groupwise 

Association Test for Rare Mutations Using a Weighted Sum Statistic, PloS 

Genetics.
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o Fixed threshold test (T1, T5) and variable threshold test by Price et al.
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Software for all methods can be downloaded from 

http://genetics.bwh.harvard.edu/rare_variants 

o Kernel-based association test which is more powerful than the above tests 

when a region contain protective, deleterious and null variants and can 

incorporate covariates.
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 General approach following up a SNP of interest.  We will apply the following 

criteria to narrow down our list of SNPs for follow up: 1) non-syn coding SNPs; 

2) SNPs observed in cases but not controls; 3) SNPs identified in controls but not 

cases; 4) SNPs with high statistical significance even in analyses of the sequenced 

individuals; 5) novel SNPs (not in any public databases); 6) SNPs associated with 

a splice site; 7) SNPs predicted to be functional; 8) SNPs that are in LD with the 

initial GWAS index SNP but have predicted functional significance; 9) SNPs in 

regulatory regions of the gene. 

 When using CHARGE-S data, we will apply the appropriate sampling weight in 

our analysis of the continuous serum urate trait. 
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