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            Abstract
Alcohol misuse is the leading cause of cirrhosis and the second most common indication for liver transplantation in the Western world1,2,3. We performed a genome-wide association study for alcohol-related cirrhosis in individuals of European descent (712 cases and 1,426 controls) with subsequent validation in two independent European cohorts (1,148 cases and 922 controls). We identified variants in the MBOAT7 (P = 1.03 × 10−9) and TM6SF2 (P = 7.89 × 10−10) genes as new risk loci and confirmed rs738409 in PNPLA3 as an important risk locus for alcohol-related cirrhosis (P = 1.54 × 10−48) at a genome-wide level of significance. These three loci have a role in lipid processing, suggesting that lipid turnover is important in the pathogenesis of alcohol-related cirrhosis.
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                    Figure 1: Genome-wide association meta-analysis of 712 cases with alcohol-related cirrhosis and 1,466 controls.[image: ]


Figure 2: Forest plots of odds ratios and 95% confidence intervals for the susceptibility loci for alcohol-related cirrhosis in comparison to alcohol misusers and population controls.[image: ]


Figure 3: Fine-mapping analysis of the MBOAT7 association signals.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Quantile-quantile plot of the primary meta-analysis of the German and UK data sets.
Samples are as outlined in Table 1. After GC adjustment, a λ value of 1.005 was obtained for the combined analysis.


Supplementary Figure 2 Manhattan plot of the adjusted meta-analysis of the German and UK data sets.
Samples are as outlined in Supplementary Table 2.


Supplementary Figure 3 Quantile-quantile plot of the adjusted meta-analysis of the German and UK data sets.
After GC adjustment, a λ value of 0.985 was obtained for the combined analysis.


Supplementary Figure 4 Fine-mapping analysis of the TM6SF2 association signals.
The –log10 (P values) are plotted against SNP genomic position based on NCBI Build 37. The known coding variant of likely functional significance, rs58542926 is highlighted in purple. The squares denote genotyped SNPs; the circles denote imputed SNPs (using 1000 Genomes Project–based imputation). SNPs are colored to reflect correlation with the most significant SNP, with red denoting the highest LD (r2 >0.8) to the lead SNP. Estimated recombination rates from 1000 Genomes Project (hg19/genomes March 2012 EUR) are plotted in blue to reflect the local LD structure. Gene annotations were obtained from the UCSC Genome Browser. The plot was generated using LocusZoom.


Supplementary Figure 5 Tissue expression of MBOAT7 and TMC4 mRNA.
Expression was tested by PCR in the human cDNA tissue panel from Takara Clontech (636742 and 636743) using transcript-specific primer pairs (MBOAT7: 5′-TCCTTGTGTCTTTCGCTCC-3′ and 5′-TACACACGGTGACCTGTCA-3′; TMC4: 5′-TGAGACCACCCAGAATTTCC-3′ and 5′-CTAGGCTTACAATGGGCCTG-3′). MBOAT7 shows a ubiquitous expression pattern in the tissues tested, albeit with lower expression in skeletal muscle. Expression of TMC4 is more selective, with no expression detected in brain or skeletal muscle.


Supplementary Figure 6 Genotype-specific relative transcript abundance in liver tissue from patients with alcohol-related cirrhosis.
No significant change in transcript abundance was seen for TMC4 across genotypes, whereas a significant increase in transcript abundance was detected for MBOAT7 in the homozygous mutant genotype (Mann-Whitney U test P = 0.0087).
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Supplementary Text and Figures
Supplementary Figures 1–6 and Supplementary Tables 2, 3 and 5–7. (PDF 887 kb)


Supplementary Table 1: Results of the primary GWAS meta-analysis (Germany/UK).
Results of the GWAS meta-analysis of 712 cases with alcohol-related cirrhosis and 1,466 controls. Variants that entered replication genotyping are marked "SNP1" to "SNP10". SNPs are ranked by combined P value, and data are provided for the top variants through SNP10. (XLSX 534 kb)


Supplementary Table 4: Results of the secondary GWAS meta-analysis (Germany/UK) adjusted for sex, age, BMI and type 2 diabetes status.
Results of the GWAS meta-analysis adjusted for age, sex, BMI and type 2 diabetes status. Variants that entered replication genotyping are marked "SNP1" to "SNP10". SNPs are ranked by combined P value, and data are provided for the top variants through SNP10. Adjusted meta-analysis results for the replicating variants of the primary analysis are as follows: TM6SF2 (rs10401969), Pmeta = 0.000667, ORmeta = 1.87 (1.30–2.69); MBOAT7 (rs626283), Pmeta = 0.0173, ORmeta = 1.28 (1.04–1.56). These rank below SNP10 in this analysis. (XLSX 153 kb)
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