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            Abstract
Genome-wide association is a promising approach to identify common genetic variants that predispose to human disease1,2,3,4. Because of the high cost of genotyping hundreds of thousands of markers on thousands of subjects, genome-wide association studies often follow a staged design in which a proportion (πsamples) of the available samples are genotyped on a large number of markers in stage 1, and a proportion (πsamples) of these markers are later followed up by genotyping them on the remaining samples in stage 2. The standard strategy for analyzing such two-stage data is to view stage 2 as a replication study and focus on findings that reach statistical significance when stage 2 data are considered alone2. We demonstrate that the alternative strategy of jointly analyzing the data from both stages almost always results in increased power to detect genetic association, despite the need to use more stringent significance levels, even when effect sizes differ between the two stages. We recommend joint analysis for all two-stage genome-wide association studies, especially when a relatively large proportion of the samples are genotyped in stage 1 (πsamples ≥ 0.30), and a relatively large proportion of markers are selected for follow-up in stage 2 (πmarkers ≥ 0.01).
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                    Figure 1: Power of a two-stage design for joint and replication-based analysis with 1,000 cases and 1,000 controls genotyped on 300,000 independent markers with αgenome = 0.05.[image: ]


Figure 2: Power of a two-stage design for joint and replication-based analysis with 1,000 cases and 1,000 controls genotyped on 300,000 independent markers with αgenome = 0.05, using a GRR of 1.40 and prevalence of 0.10.[image: ]


Figure 3: Power of a two-stage design for joint and replication-based analysis with 1,000 cases and 1,000 controls genotyped on 300,000 independent markers with αgenome = 0.05, using a GRR of 1.40 and prevalence of 0.10.[image: ]


Figure 4: Power of a two-stage design for joint and replication-based analyses in the presence of between-stage heterogeneity with 1,000 cases and 1,000 controls genotyped on 300,000 independent markers with αgenome = 0.05.[image: ]
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