SUPPLEMENTAL MATERIAL

Supplementary Methods

RAAS measurements

Measurements of renin and aldosterone

In FHS, KORA and SUVIMAX, blood samples were taken in the early morning from seated
participants after an overnight fast. In PREVEND, fasting blood samples were taken between 8
AM and 4 PM. In SHIP, blood was drawn throughout the day (between 8 AM and 8 PM) in non-
fasting participants while they were taking their regular medication. Serum and plasma were
stored at -80 °C in all cohorts. Aldosterone measurements were available in all cohorts (FHS
Gen 2 and Gen 3, KORA, SHIP, SUVIMAX, PREVEND; Figure 1); plasma renin concentrations were
measured in the FHS Gen 2, KORA, SHIP and PREVEND samples; plasma renin activity was
determined in the FHS Gen 3 and SUVIMAX samples (Figure 1). Details on the methods to
determine RAAS biomarkers in the different samples are provided below.

In FHS, plasma renin concentration (Gen 2) and serum aldosterone concentrations were
determined with an immunochemi-luminometric assay (Nichols assay, Quest Diagnostics,
Cambridge, Mass) and a radioimmunoassay (Quest Diagnostics), respectively.! The mean
interassay coefficients of variation were 10.0% (low concentration) and 2.0% (high
concentrations) for renin and 9.8% (low concentrations) and 4.0% (high concentrations) for
aldosterone. Plasma renin activity (ng/mL/hr; in Gen 3) was determined using the GammacCoat
Plasma Renin Activity RIA Kit (DiaSorin) with an interassay coefficient of variation of 12.6%.”

In KORA, plasma aldosterone concentrations and plasma renin concentrations were measured

in EDTA plasma. Specifically, plasma aldosterone concentrations were determined after
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extraction by an immunofluorescence in-house assay, as detailed elsewhere.? Interassay
coefficients of variation were 15.2% (low concentrations) and 8% (high concentrations).” The
plasma renin concentration was determined by an automated chemiluminescence
immunoassay (LIAISON Direct Renin, DiaSorin).> The interassay coefficient of variation was
12.2%°.

In SHIP, plasma renin concentration was measured using a radioimmunometric assay (Renin Ill
generation, Cisbio Bioassay, Bagnols-sur-Céze Cedex, France). Interassay coefficients of variation
were 5.0% (low concentrations) and 4.0% (high concentrations), respectively.” The standards in
the kits were calibrated against the international reference preparation (WHO 68 / 356).”
Plasma aldosterone concentration was measured using a radioimmunometric assay (Coat-A-
Count Aldosterone, Siemens Healthcare Diagnostics, Eschborn, Germany). Interassay
coefficients of variation were 15.7% (low concentrations) and 3.8% (high concentrations),
respectively.

In SUVIMAX, plasma renin activity was measured using an in-house assay, as described
previously,® with interassay coefficients of variation of 31% (low concentrations) and 25% (high
concentrations). Aldosterone was determined using a radioimmuno-assay with 125I-
aldosterone (Coat-A-Count Aldosterone, Diagnostic Products Corporation). The interassay
coefficients of variation were 15% (low concentrations) and 10% (high concentrations).

In PREVEND, plasma renin concentrations were determined by an automated
chemiluminescence immunoassay (LIAISON Direct Renin, DiaSorin).S’9 Plasma aldosterone
concentrations were measured with an ELISA kit (Alpco, Salem, NH, USA).9 The interassay

coefficients of variation were 10.9% for renin® and 9.6% for aldosterone.’



Genotyping details

In FHS, from a total of 534,982 genotyped SNPs (Affymetrix 500K and MIPS 50K combined),
378,163 SNPs were used in the imputation after filtering out 15,586 SNPs (Hardy-Weinberg
p<le-6), 6,4511 SNPs (missingness >0.03), 4,5361 SNPs (mishap p<le-9), 4,857 SNPs (>100
Mendel errors), 6,7269 SNPs (frequency<0.01), 2 SNPs (due to strandedness issues upon
merging data with HapMap), and a further 1,3394 SNPs (as they were not present on HapMap).
MACH (version 1.0.15) was used to impute all 2,543,887 SNPs on HapMap, using the publicly
available phased haplotypes from HapMap (release 22, build 26, CEU population) as a reference
panel.

The KORA F4 samples were genotyped with the Affymetrix Human SNP Array 6.0. Hybridization
of genomic DNA was done in accordance with the manufacturer’s standard recommendations.
Genotypes were determined using Birdseed2 clustering algorithm. For quality control purposes,
we applied a positive control and a negative control DNA every 96 samples. On chip level only
subjects with overall genotyping efficiencies of at least 93% were included resulting in an
average genotyping efficiency of 98% per chip. In addition the called sex had to agree with the
sex in the KORA study database. Imputation of genotypes was performed with the software
IMPUTE v0.4.2 based on HapMap Il.

The SHIP samples were genotyped using the Affymetrix Human SNP Array 6.0. Hybridisation of
genomic DNA was done in accordance with the manufacturer’s standard recommendations. The
genetic data analysis workflow was created using the Software InforSense. Genetic data were
stored using the database Caché (InterSystems). Genotypes were determined using the

Birdseed?2 clustering algorithm. For quality control purposes, several control samples were



added. On the chip level, only subjects with a genotyping rate on QC probesets (QC callrate) of
at least 86% were included. Finally, all arrays had a sample call rate > 92%. The overall
genotyping efficiency of the GWA was 98.55%. Imputation of genotypes in SHIP was performed
with the software IMPUTE v0.5.0 based on HapMap Il.

The SUVIMAX sample was genotyped using the lllumina 317K array. Genotypes were called
using the Beadstudio algorithm. A sample call rate > 95%, a minor allele frequency 21% and a
Hardy-Weinberg equilibrium p-value 2 10° were required. Imputation of genotypes was
performed with the software IMPUTE.

The PREVEND sample was genotyped using the lllumina Human CytoSNP array. SNPs with a
minor allele frequency below 1%, a call rate below 95% or a Hardy-Weinberg equilibrium p-
value < 10°® were excluded. Genotypes were called with the GenomeStudio algorithm.

Imputation of genotypes in PREVEND was done using the BEAGLE software.
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Supplementary Tables

Supplementary Table 1. Association of top plasma renin activity SNPs with plasma renin concentration (PRC) in the discovery cohorts

(FHS, KORA, SHIP)

EFHS

SNP-ID Chromosome  Position Trait Coded allele Beta SE P-value N Imputed Oevar_imp
rs12374220 4 183677641 PRC T -0.10627 0.068231 0.119338 3103 Yes 0.620956
rs5030062 3 187936874  PRC C 0.016785 0.025657 0.512973 3103 Yes 1.010671
rs4253311 4 187411677 PRC A -0.03595 0.025317 0.155642 3103 Yes 1.001227
KORA

SNP-ID Chromosome  Position Trait Coded allele Beta SE P-value N Imputed Oevar_imp
rs12374220 4 183677641 PRC T 0.02587 0.075007 0.730196 1704 Yes 0.877704
rs5030062 3 187936874  PRC C -0.02036 0.038499 0.597169 1658 Yes 0.968982
rs4253311 4 187411677 PRC G 0.005742 0.036517 0.875898 1782 Yes 0.996428
SHIP

SNP-ID Chromosome  Position Trait Coded allele Beta SE P-value N Imputed Oevar_imp
rs12374220 4 183677641 PRC T 0.019226 0.053 0.716842 3125 Yes 0.864969
rs5030062 3 187936874  PRC C 0.019734 0.023968 0.410681 3123 Yes 0.957087
rs4253311 4 187411677 PRC G 0.038588 0.022507 0.086393 3122 Yes 0.996274

FHS, Framingham Heart Study; KORA, Cooperative Health Research in the Region of Augsburg; SHIP, Study of Health in Pomerania

SE, standard error; oevar_imp, observed divided by expected variance for imputed allele dosage
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Supplementary Table 2. Association of top plasma renin activity SNPs with aldosterone concentrations in the discovery cohorts (FHS,

KORA, SHIP, SUVIMAX)

FHS

SNP-ID Chromosome  Position Trait Coded allele Beta SE P-value N Imputed Oevar_imp
rs12374220 4 183677641  Aldo T 0.10192 1.393061 0.941676 6884 Yes 0.620956
rs5030062 3 187936874  Aldo C 0.380553 1.393061 0.784717 6884 Yes 1.010671
rs4253311 4 187411677  Aldo A 1.327637 1.393061 0.340572 6884 Yes 1.001227
KORA

SNP-ID Chromosome  Position Trait Coded allele Beta SE P-value N Imputed Oevar_imp
rs12374220 4 183677641  Aldo T 0.001014 0.044538 0.981819 1709 Yes 0.888954
rs5030062 3 187936874  Aldo C 0.047866 0.02306 0.038031 1663 Yes 0.96675
rs4253311 4 187411677  Aldo G 0.010353 0.021797 0.635213 1787 Yes 0.995957
SHIP

SNP-ID Chromosome  Position Trait Coded allele Beta SE P-value N Imputed Oevar_imp
rs12374220 4 183677641  Aldo T -0.00801 0.040005 0.841405 3124.765  Yes 0.880806
rs5030062 3 187936874  Aldo C 0.003495 0.01826 0.848189 3123.196  Yes 0.956395
rs4253311 4 187411677  Aldo G -0.00705 0.017132 0.679223 3122.162  Yes 0.995835
SUVIMAX

SNP-ID Chromosome  Position Trait Coded allele Beta SE P-value N Imputed Oevar_imp
rs12374220 4 183815796  Aldo T -0.08666 0.045513 0.057082 1518 Yes 0.896527



rs5030062 3 187936882  Aldo C -0.00279 0.024193 0.908164 1518 No 0.999971
rs4253311 4 187549832  Aldo G -0.02046 0.023552 0.385029 1518 Yes 0.98611

FHS, Framingham Heart Study; KORA, Cooperative Health Research in the Region of Augsburg; SHIP, Study of Health in Pomerania; SUVIMAX,
Supplémentation en Vitamines et Minéraux Antioxydants study

SE, standard error; oevar_imp, observed divided by expected variance for imputed allele dosage



Supplementary Table 3. Top loci associated with plasma renin activity, stratified by cohort, i. e. in the FHS Generation 3 sample and in

the SUVIMAX sample.

coded coded
allele allele beta beta SE SE P-value P-value N N
SNP chr  (FHS)  (SUVIMAX) (FHS) (SUVIMAX) (FHS) (SUVIMAX) (FHS) (SUVIMAX)  (FHS)  (SUVIMAX)
rs12374220 4 T T -0.26 -0.12 0.05 0.04 3.03E-07 0.0044039 3757 1518
rs5030062 3 C C 0.11 0.05 0.02 0.02 2.70E-08 0.0369734 3757 1518
rs4253311 4 A A -0.10 -0.03 0.02 0.02 3.54E-08 0.120666 3757 1518

FHS, Framingham Heart Study; SUVIMAX, Supplémentation en Vitamines et Minéraux Antioxydants SNP, single nucleotide polymorphism; Chr,

chromosome; SE, standard error
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Supplementary Table 4. Top loci associated with plasma renin concentration (PRC) in the

discovery sample and in the replication sample

Meta-analysis of the discovery samples (FHS+SHIP+KORA)

SNP Trait N Chr MAF Direction P-value Locus
rs3915911 PRC 7971 10 0.29 8.81x10” NEBL
rs3758601 PRC 7988 10 0.40 1.78x107 NEBL

Replication sample (PREVEND)
SNP Trait N Beta P-value Trait N Beta P-value
rs3915911  Aldosterone 5839  -0.0069 0.402 PRC 6266 -0.0039 0.805
rs3758601  Aldosterone 5855  0.0173 0.025 PRC 6283 -0.0076 0.602

FHS, Framingham Heart Study; KORA, Cooperative Health Research in the Region of Augsburg; SHIP,

Study of Health in Pomerania; PREVEND, Prevention of REnal and Vascular ENd-stage Disease; SNP,

single nucleotide polymorphism; Chr, chromosome; MAF, minor allele frequency
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Supplementary Table 5. Top loci associated with circulating aldosterone concentration in the

discovery sample and in the replication sample

Meta-analysis of the discovery samples

(FHS+SHIP+KORA+SUVIMAX)

SNP Trait N Chr MAF  Direction P-value Locus
rs6986428 Aldosterone 13176 8 0.06 ++++ 4.01x10° C8orf22
rs8597 Aldosterone 13291 7 0.07 ++++ 4.20x10° CALU
rs7917400* Aldosterone 4909 10 0.41 ?--? 5.05x10°® CUBN
rs6884962  Aldosterone 13315 5 0.32 ++++ 5.36x10° NKX2-5

Replication sample (PREVEND)

SNP Trait N Beta P Trait N Beta P

rs6986428 Aldosterone 5881 -0.0002 0.992 PRC 6312 -0.0068 0.88
rs8597 Aldosterone 5870 -0.013 0.394 PRC 6296 -0.052 0.07
rs7917400 Aldosterone 5866 -0.006 0.432 PRC 6294 0.0016 0.91
rs6884962  Aldosterone 5832 0.0142 0.072 PRC 6260 0.014 0.35

*This SNP was available only in KORA and SHIP. FHS, Framingham Heart Study; KORA, Cooperative Health
Research in the Region of Augsburg; SHIP, Study of Health in Pomerania; SUVIMAX, Supplémentation en
Vitamines et Minéraux Antioxydants; PREVEND, Prevention of REnal and Vascular ENd-stage Disease;

SNP, single nucleotide polymorphism; Chr, chromosome; MAF, minor allele frequency
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Supplementary Table 6a. Association of genetic variation at the renin (REN) locus with plasma

renin activity (PRA)

SNP Chr MAF Direction P-value
rs11571079 1 0.063 ++ 0.18
rs11571078 1 0.130 +- 0.33
rs1464816 1 0.381 ++ 0.33
rs10900555 1 0.357 +- 0.38
rs11240688 1 0.187 - 0.43
rs6676670 1 0.187 - 0.43
rs6693954 1 0.262 ++ 0.58
rs2368564 1 0.271 ++ 0.62
rs11571082 1 0.132 -+ 0.72
rs3795575 1 0.140 -+ 0.72
rs5705 1 0.132 +- 0.73
rs7521667 1 0.139 -+ 0.73
rs2887284 1 0.208 -- 0.85

SNP, single nucleotide polymorphism; Chr, chromosome; MAF, minor allele frequency
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Supplementary Table 6b. Association of genetic variation at the renin (REN) locus with plasma

renin concentration (PRC)

SNP Chr MAF Direction P-value
rs2368564 1 0.271 -+ 0.14
rs11571078 1 0.135 +-+ 0.16
rs2887284 1 0.207 -?+ 0.19
rs6693954 1 0.266 -+ 0.24
rs1464816 1 0.358 +-- 0.30
rs10900555 1 0.343 ++- 0.55
rs11240688 1 0.177 -+- 0.58
rs6676670 1 0.176 -+- 0.65
rs11571079 1 0.058 -+ 0.68
rs7521667 1 0.133 -+ 0.75
rs3795575 1 0.137 -+ 0.85
rs5705 1 0.131 ++- 0.93
rs11571082 1 0.131 -+ 0.97

SNP, single nucleotide polymorphism; Chr, chromosome; MAF, minor allele frequency
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Supplementary Table 6¢. Association of genetic variation at the CYP11B2 locus with circulating

aldosterone levels

SNP Chr MAF Direction P-value
rs4543 8 0.086 ++++ 0.15
rs6433 8 0.427 +--- 0.57
rs6414 8 0.450 +--- 0.63
rs11781816 8 0.426 -+++ 0.66
rs4536 8 0.027 -+-- 0.67
rs4545 8 0.018 -+++ 0.78
rs3097 8 0.294 -+++ 0.79

SNP, single nucleotide polymorphism; Chr, chromosome; MAF, minor allele frequency
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Supplementary Figures

Supplementary Figure 1. The quantile-quantile plot for plasma renin activity in the FHS
Generation 3 sample only
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Supplementary Figure 2. Regional plot of rs4253311 in exon 11 of the kallikrein B gene (Panel
A) and of rs5030062 in intron 6 of the kininogen 1 gene (Panel B); based on imputation to the
1000 genome dataset
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Supplementary Figure 3. Plasma renin activity by rs5030062 genotype (Panel A) and by
rs4253311 genotype (Panel B)
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Supplementary Figure 4. Manhattan plot (Panel A) and quantile-quantile plot (Panel B) of the

genome-wide analysis for plasma renin concentration
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Supplementary Figure 5. Manhattan plot (Panel A) and quantile-quantile plot (Panel B) of the

genome-wide analysis for circulating aldosterone concentration
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