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            Abstract
Primary open-angle glaucoma (POAG) is a major cause of irreversible blindness worldwide. We performed a genome-wide association study in an Australian discovery cohort comprising 1,155 cases with advanced POAG and 1,992 controls. We investigated the association of the top SNPs from the discovery stage in two Australian replication cohorts (932 cases and 6,862 controls total) and two US replication cohorts (2,616 cases and 2,634 controls total). Meta-analysis of all cohorts identified three loci newly associated with development of POAG. These loci are located upstream of ABCA1 (rs2472493[G], odds ratio (OR) = 1.31, P = 2.1 Ã— 10âˆ’19), within AFAP1 (rs4619890[G], OR = 1.20, P = 7.0 Ã— 10âˆ’10) and within GMDS (rs11969985[G], OR = 1.31, P = 7.7 Ã— 10âˆ’10). Using RT-PCR and immunolabeling, we show that these genes are expressed within human retina, optic nerve and trabecular meshwork and that ABCA1 and AFAP1 are also expressed in retinal ganglion cells.
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                    Figure 1: Association results for the regions reaching genome-wide significance.[image: ]


Figure 2: Distribution of the ABCA1 protein in human ocular tissues.[image: ]
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Integrated supplementary information

Supplementary Figure 1 Quantile-quantile plot in the discovery cohort.
This figure shows the Q-Q plot created in R for two-sided P-values obtained from the association analysis of the genome-wide SNPs (using logistic regression with sex and the first 6 principal components fitted as covariates) with the development of primary open-angle glaucoma (POAG). The x-axis shows the expected distribution of -log10(P-values) under the null hypothesis of no association. The y-axis show the observed -log10(P-values) in the association analysis in the discovery cohort in this study (1,155 advanced POAG cases and 1,992 controls). The P-values were corrected for the genomic inflation factor lambda (Î» = 1.06 for imputed SNPs). The curves are made of dots each being an observed -log10(P-values) calculated for one or more SNPs. The red indicator lines show where x = y.


Supplementary Figure 2 Manhattan plot for association of genome-wide SNPs with primary open-angle glaucoma.
This plot was created using R software for association of genome-wide SNPs (using logistic regression with sex and the first 6 principal components fitted as covariates) with the development of primary open-angle glaucoma in stage 1 of this study using the discovery cohort (1,155 advanced POAG cases and 1,992 controls). The SNPs have been plotted against their chromosomal positions (the x-axis) and -log10(P-values) calculated through the genome-wide association analysis (the y-axis). All the SNPs on each chromosome have been shown in the same color but a distinct color from that of the adjacent chromosome in the plot. Chromosome 23 is the X chromosome. The texts in the figure indicate the chromosome, position (base pair) and the name of the adjacent genes for the top hits. The horizontal line in the figure indicates the genome-wide significance level (-log10(P-value) = 7.30). The two-sided P-values used to create this figure were corrected for the genomic inflation factor lambda (Î» = 1.06 for imputed SNPs). Two regions on chromosome 9, and one region on chromosome 11 reached genome-wide significance (P < 5 Ã— 10-8; -log10P > 7.30). In addition, one region on chromosome 6 also came close to genome-wide significance (P = 7.0 Ã— 10-8; -log10P = 7.15). The previously identified region at TMCO1 did not reach genome-wide significance in the stage 1 analysis (control sample was changed relative to previous work to allow a larger set of SNPs to be used as the basis of imputation in stage 1) but TMCO1 SNPs exceeded P < 1 Ã— 10-5, with P < 5 Ã— 10-8 obtained at TMCO1 when stage 1 and 2 samples were combined.


Supplementary Figure 3 Expression analysis of the ABCA1, AFAP1 and GMDS genes in human ocular tissues.
(a-d) Expression of the ABCA1 (a), AFAP1 (b,c) and GMDS (d) mRNA was analyzed by RT-PCR using gene specific primers. (a) The 913 bp PCR product amplified with ABCA1-specific primers in iris, ciliary body (CB), retina, optic nerve head (ONH), optic nerve (ON) and normal (NTM) and glaucomatous (GTM) trabecular meshwork cell lines (respectively, NTM-5 and GTM-3) corresponds to the expected size of the predominant transcript encoded by the gene. The 770 bp amplicon in the ciliary body, retina, optic nerve head and normal and glaucomatous trabecular meshwork cells represents the alternate transcript lacking exon 4. The origin of the >1000 bp amplified product in the ciliary body and retina is unclear. (b) The 408 bp PCR product amplified with AFAP1-specific primers in the indicated tissues corresponds to the expected size of the ubiquitously expressed B isoform. (c) Upon increasing the amplification cycles, in addition to the 408 bp amplicon, the 660 bp product in the retina corresponds to the neuronal cell specific, A isoform of AFAP1. The product marked with an asterisk was found to be non-specific by sequencing. Amplification from three independent cDNA preparations is shown. (d) The âˆ¼300 bp PCR product amplified with primers specific to the GMDS variant 1, in all the analyzed tissues corresponds to the expected size of this variant. Representative data from two independent experiments are shown. M, molecular size markers; RT-, without reverse transcriptase control; bp, base pair.


Supplementary Figure 4 Western blot showing specificity of the ABCA1 antibody.
Protein lysates of NTM-5 (NTM) and GTM-3 (GTM) human trabecular meshwork cells, respectively, from a normal control and an individual with glaucoma were analyzed by SDS-PAGE and western blotting performed using the mouse anti-ABCA1 antibody. The >250 kDa protein band detected in both the cell types is greater than the expected size of ABCA1 (254 kDa) and corresponds to the post-translationally modified form of the protein. The âˆ¼70 kDa band detected in both the samples has been reported previously but its identity remains unknown. The blot was overexposed to improve visibility of the expected protein species. Red indicates oversaturation of signal. The minor protein bands seen in both the cell types are likely degradation products of the full-length protein and were not visible in a shorter exposure. kDa = kilodaltons.


Supplementary Figure 5 Distribution of the AFAP1 protein in human ocular tissues.
(a-f) Sections of a normal human eye were immunolabelled with the anti-AFAP1 antibody (brown) (see 
                            Supplementary Figure 6
                           for antibody specificity) and counterstained with hemotoxylin to visualize nuclei (blue). Positive immunolabelling was detected in the trabecular meshwork (a,b), retina (c,d) and optic nerve (e,f). In the retina (c,d), AFAP1 immunolabelling was prominent in the photoreceptor inner segment (IS), in some cells in the inner nuclear layer (INL), in retinal ganglion cells in the ganglion cell layer (GCL) and retinal blood vessel wall (not shown). In the optic nerve (e,f), AFAP1 protein was primarily present in the astrocytes. (g,h) In sections of a glaucomatous eye, similar AFAP1 distribution was observed (data not shown). Labelling in the layers of the retina (g,h) was also similar to that in a normal eye. Positive labelling in the blood vessel wall is marked with an arrow. The experiment was repeated for reproducibility. sc, Schlemmâ€™s canal; IPL, inner plexiform layer; OPL, outer plexiform layer; ONL, outer nuclear layer; OS, outer segment; RPE, retinal pigment epithelium. Scale bar = 100 Î¼m (a-d, f-g); 500 Î¼m (e).


Supplementary Figure 6 Western blot showing specificity of the AFAP1 antibody.
Protein lysate of NTM-5 (NTM) human trabecular meshwork cells from a normal individual were analyzed by SDS-PAGE and western blotting performed using the mouse anti-AFAP1 antibody. The detected 110 kDa protein band corresponds to the expected size of the AFAP1 B isoform.
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