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Introduction

The primary goal of Genome Wide Association Studies (GWAS) is to better understand the biology of disease [1]. GWAS have been successful in identifying thousands of 
association signals of common and complex diseases, but the identification of these signals is only the first step in understanding the complex biological mechanisms underpinning 
disease. Follow-up studies are necessary to learn about the pathway from associated locus to an implicated gene, to potentially inform future therapeutic treatments for disease.

Fine-mapping aims to identify the specific causal variants (CVs) responsible for genetic association signals. Putative causal variants are grouped together into ‘credible sets’ that 
are believed to contain the true causal variant with some coverage probability. We investigate the credibility of these coverage probabilities and propose a new method to obtain a 
more accurate coverage probability of the causal variant in the credible set.

Fine Mapping

• GWAS identifies genomic regions associated with disease. Whilst 
fine-mapping aims to identify the specific causal variants. 

• These can serve as clues to help to understand the complex 
biological mechanisms underlying disease. 

• The genetic variant and/or the implicated biological mechanisms can 
potentially be therapeutic targets in drug development.

Identifying causal variants is difficult due to correlation patterns 
between SNPs, said to be in linkage disequilibrium. Therefore, 
researchers report a credible set of variants that is believed to contain 
the causal variant with some coverage probability.

Bayesian Approach to Fine-Mapping

The Bayesian approach to fine-mapping developed by Maller et al. 
(2013) [2] is the dominant method in the field. It assumes one causal 
variant per region to perform fine-mapping using only single variant 
summary statistics from genetic association studies. The method is 
outlined below.

1. Find the Bayes factors for each variant, !"#, for $ = 1,… , ). The 
larger the Bayes factor, the more evidence there is for that variant 
being causal. *# is the alternative hypothesis that variant $ is casual 
and *+ is the null hypothesis of no genetic effect.

2. Convert these to posterior probabilities. These can be 
meaningfully interpreted both within and across studies (unlike ,-
values) as the probability of that variant being the (single) causal 
variant in that region.

3. Sort the variants into descending order of posterior probabilities.

4. Cumulatively sum the variants until some chosen threshold is 
exceeded.

The corresponding variants form the credible set, which has 
‘coverage probability’ of the true causal variant equal to at least 
the threshold. The size of the credible set is commonly used as 
the ‘claimed coverage’, that is, the sum of the posterior
probabilities of the variants in the credible set.

“We defined, using Bayes theorem, credible sets of SNPs that were 95% likely, 
based on posterior probability, to contain the causal disease-associated 
SNPs.”  [2]

BFi =
Pr(Data|Hi)

Pr(Data|H0)
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The Problem

• We investigated coverage probabilities of credible sets obtained using the dominant method in the field and found them to 
be systematically biased. 

• We simulated credible sets using the standard Bayesian approach (pink points) and the same approach but without the 
ordering step (blue points). 

• Without the ordering step, the claimed coverage seems to be an accurate estimate of the true coverage. When we include 
this ordering step, we observe consistent under- and over- coverage à the ordering step seems to be responsible for 
the systematic bias.

Corrected Coverage Estimate

We have developed a method to estimate the bias in coverage probabilities using rapid simulations based on the 
observed SNP correlation structure. Our method is available as R software, providing the user with an accurate 
coverage estimate of the causal variant in the credible set.

To do this, we consider obtaining the marginal --scores from the joint --scores. The joint --scores are all 0, except at 
the causal variant, where the value is the ‘true effect’, μ. In the real-world, we do not know the value of μ and we 
therefore estimate this value in our method. We then simulate more --scores, -.∗ , from a multivariate normal 
distribution with mean, 0 -. , and variance equal to the variant correlation matrix, Σ. 

0 -. = Σ × -3,

-.∗ ∼ 567(0(-.), Σ)

Our method is accurate when using the true effect and averaging over each variant considered causal.

Our method is also very accurate when we estimate the true effect and average over each variant considered causal.

Conclusions

• Systematically biased coverage estimates of credible sets obtained using the dominant method in the field.
• Our procedure to obtain a corrected coverage estimate will potentially allow for the removal of variants 

from the credible set whilst still achieving the desired coverage à improved resolution of fine-mapping 
experiments.

• This will enable more efficient expenditure of resources in the follow-up process of annotating the variants 
in the credible set to determine the implicated genes and pathways, helping to untangle the complex 
relationship between genetic variants and disease.
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Corrcoverage package: https://annahutch.github.io/corrcoverage/
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