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            Abstract
Rigorous organization and quality control (QC) are necessary to facilitate successful genome-wide association meta-analyses (GWAMAs) of statistics aggregated across multiple genome-wide association studies. This protocol provides guidelines for (i) organizational aspects of GWAMAs, and for (ii) QC at the study file level, the meta-level across studies and the meta-analysis output level. Real-world examples highlight issues experienced and solutions developed by the GIANT Consortium that has conducted meta-analyses including data from 125 studies comprising more than 330,000 individuals. We provide a general protocol for conducting GWAMAs and carrying out QC to minimize errors and to guarantee maximum use of the data. We also include details for the use of a powerful and flexible software package called EasyQC. Precise timings will be greatly influenced by consortium size. For consortia of comparable size to the GIANT Consortium, this protocol takes a minimum of about 10 months to complete.
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                    Figure 1: Workflow of the QC and the meta-analysis.[image: ]


Figure 2: SE-N plots to reveal issues with trait transformations.[image: ]


Figure 3: P-Z plot to reveal analytical issues with beta, standard error and P values.[image: ]


Figure 4: Different patterns of allele frequencies in the EAF plot.[image: ]


Figure 5: Lambda-N plot to reveal issues with population stratification.[image: ]
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Supplementary Figure 1 Ftp-site directory structure.
The DATA_UPLOAD directory is used for the collection of raw study-specific results, i.e. used by the collaborators to upload their results. Once all or at least files from >80% of studies have been collected, the DATA_UPLOAD folder should be frozen. The folder should be protected from further changes, be renamed to DATA_UPLOAD_FREEZE and a new DATA_UPLOAD folder should be created to collect any additional results. The CLEANED_FILES directory should be used for collection of cleaned files that passed the file-level QC routines. The META_ANALYSIS directory should be used to upload meta-analysis results and contains sub-folders, one for each meta-analyst (folders ANALYST_1 and ANALYST_2) and one to collect and freeze the final meta-analysis results (FINAL_RESULT).


Supplementary Figure 2 Effect of the trait transformation issue.
On the example of the phenotype hip circumference with and without adjustment for BMI (HIP, HIPadjBMI) in the GIANT Metabochip studies (81,000 subjects), it can be seen that (a) the trait transformation issue only affected the trait adjusted for BMI (SE-N plots; magenta: uncleaned studies affected by the issue; green: cleaned studies) ,(b) the uncleaned data had deteriorated power for the BMI-adjusted trait (QQ plot of association P-values from the Meta-analysis for all SNPs; red: meta-analysis on uncleaned data; green: meta-analysis on cleaned data) and (c) the uncleaned data yielded estimates biased towards the null for the BMI-adjusted trait (estimates from the Meta-analysis on uncleaned data on Y-axis and from cleaned data on X-axis).


Supplementary Figure 3 EasyQC panel of P-Z plots.
Example EasyQC panel of plots to check whether reported P-Values (X-axis, on -log10 scale) match P-Values calculated from the Z-statistic using the reported beta estimates and standard errors (Y-axis, on –log10 scale) with one plot per file. Clearly, several files show deviations, which were due to deviating software specifications used by these studies, which were resolved with study analysts.


Supplementary Figure 4 EasyQC panel of EAF-plots.
Example panel of plots to check issues with allele frequencies. Each plot contrasts the allele frequency of the input file (y-axis) with the allele frequency of the reference (x-axis). In this case the meta-analyzed GIANT height results have been used as reference to compare it to study-specific GWA results for height. Several issues can immediately be detected, which should be solved with the study analysts.
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