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Section 1. Supplementary Tables

Supplementary Table 1. Characteristics of the cohorts enrolled in the GWAS meta-analysis and the replication study.

Study
Stage Cohort name Study design Ethnicity Study participants Reference
name
BBJ_1
BBJ_2 unrelated patients affected with
The BioBank Japan Project (BBJ) hospital-based Japanese 1-5
BBJ_3 each of the 47 diseases
BBJ_4
SP2 1
Singapore Prospective Study Program (SP2) Chinese  SP2_2
GWAS population-based SP2_3 unrelated individuals 6-12
meta-analysis Singapore Malay Eye Study (SIMES) Malay SIMES
Singapore Indian Eye Study (SINDI) Indian SINDI
Korea Association Resource project (KARE) population-based Korean KARE unrelated individuals 6,13,14
Taiwan Super Control Study (TWSC) TWSC unrelated controls
population-based Chinese 6,15-17
Taiwan Type 2 Diabetes Consortium (TWT2D) TWT2D unrelated type Il diabetes patients
The Genetic Epidemiology Network of Salt Sensitivity (GenSalt) family-based Chinese  GenSalt family-oriented individuals 6,18
Cardio-metabolic Genome Epidemiology (CAGE) hospital-based Japanese CAGE unrelated individuals 6,19,20
BBJ_5 unrelated patients affected with -
The BioBank Japan Project (BBJ) hospital-based Japanese
Replication BBJ_6 each of the 47 diseases 21
study Singapore Chinese Eye Study (SCES) population-based Chinese SCES unrelated individuals -
Health Examinee shared control study (HEXA) population-based Korean HEXA unrelated individuals 14

GWAS, genome-wide association study.
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Supplementary Table 2. Characteristics of the subjects enrolled in the GWAS meta-analysis and the replication study.

Stage Study No. subjects No. subjects for each phenotype Female Age Mean + SD values of the traits
BUN sCr eGFRcrea® UA (%)  (meantSD) BUN (mg/dl)® sCr(mg/dl)®  eGFRcrea (mi/min/1.73m?)°  UA (mg/dl)°
BBJ_1 23,542 22,258 23,356 23,536 14,286 45.6 62.7 +11.6 15.7+6.3 0.76 £ 0.23 75.2+21.0 5.32+1.48
BBJ_2 2,064 1,999 2,043 2,052 1,090 50.0 53.5+145 14.1+6.3 0.72+ 0.20 829+21.7 5.90 £1.90
BBJ_3 1,056 1,048 1,055 1,055 872 100.0 36.3+18.9 12.1+4.2 0.60 £ 0.10 91.2+18.0 5.32£1.50
BBJ_4 3,513 3,384 3,493 3,511 2,271 42.0 63.9+9.1 152+54 0.74 £ 0.20 77.2+205 5.45+1.52
SP2_1 1,144 - 1,144 1,144 - 76.6 48.6+11.4 - 0.82£0.19 66.5 £ 14.6 -
SP2_ 2 940 - 940 940 - 35.9 47.0+10.4 - 0.95+0.22 64.8 +13.0 -
GWAS SP2_3 333 - 333 333 - 237 49.8+128 - 0.95+0.21 66.2 + 14.4 -
meta-analysis SIMES 2,521 - 2,521 2,521 - 50.5 59.0+11.0 - 1.02 +0.30 55.3+15.9 -
SINDI 2,530 - 2,530 2,530 - 48.8 58.0 £10.0 - 0.87 £0.25 65.8 £16.1 -
KARE 8,842 8,842 - - - 52.7 52.2+89 14.4 + 3.7 - - -
TWSC 986 986 986 986 986 49.6 50.6 +17.4 16.8+5.1 0.72+0.19 84.8 +24.6 590+1.79
TWT2D 987 987 987 987 987 41.5 59.9+10.3 179+7.6 0.66 £ 0.26 105.0 £48.1 6.43+£1.70
GenSalt 1,881 - 1,881 1,881 - 47.2 38.7+95 - 0.95+0.20 85.7£20.3 -
CAGE 988 213 988 975 925 62.5 69.5+8.1 176 £ 6.7 0.74+£0.21 72.0 £19.8 538+1.31
BBJ_5 11,952 11,524 11,844 11,819 7,174 46.2 59.1+16.0 15.0+4.9 0.75+£0 78.6 £22.4 5.39+£1.46
Replication BBJ_6 2,306 2,254 2,273 2,272 1,610 36.1 63.1+12.5 16.2 +5.7 0.82 £0.25 71.7 £ 20.6 5.66 £ 1.47
study SCES 1,881 - 1,881 1881 - 51.3 58.4+9.5 - 0.65+ 0.27 97.0 £ 33.8 -
HEXA 3,683 3,683 3,664 3,664 2,873 554 53.2+8.3 14.0 £ 3.7 0.86 £0.21 87.9+18.7 478 £1.32
GWAS meta-analysis 51,327 39,717 42,257 42,451 21,417 - - - - - -
Replication study 19,822 17,461 19,662 19,636 11,657 - - - - - -
Total 71,149 57,178 61,919 62,087 33,074 - - - - - -

®Estimated based on serum creatinine levels using the Japanese coefficient-modified CKD Epidemiology Collaboration (CKD-EPI) equation®,

®Common log-transformation was applied in the analysis.

°No transformation was applied in the analysis.

GWAS, genome-wide association study; BUN, blood urea nitrogen; sCr, serum creatinine; eGFRcrea, estimated glomerular filtration rate based on serum creatinine; UA, uric

acid; SD, standard deviation.
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Supplementary Table 3. Genotyping and imputation methods in the GWAS meta-analysis and the replication study.

Quality control criteria

Imputation method

Study Typing platform Sample SNP HWE Imputation Quality Analysis
MAF MAF Reference panel
call rate call rate P-value software score software
GWAS meta-analysis
BBJ_1 Illumina HumanHap610-Quad Genotyping BeadChip >0.98 >0.99 >0.01 > 10'7 MACH v1.0.16 >0.01 Rsq > 0.5 mach2qtl HapMap Phase Il (rel24), JPT+CHB
BBJ_2 lllumina HumanHap550v3 Genotyping BeadChip >0.98 >0.99 >0.01 > 10'7 MACH v1.0.16 >0.01 Rsq > 0.5 mach2qtl HapMap Phase Il (rel24), JPT+CHB
BBJ_3 lllumina HumanHap550v3 Genotyping BeadChip >0.98 >0.99 >0.01 > 10'7 MACH v1.0.16 >0.01 Rsq > 0.5 mach2qtl HapMap Phase Il (rel24), JPT+CHB
BBJ_4 lllumina HumanOmniExpress Genotyping BeadChip >0.98 >0.99 >0.01 > 10'7 MACH v1.0.16 >0.01 Rsq > 0.5 mach2qtl HapMap Phase Il (rel24), JPT+CHB
SP2_1 Illumina HumanHap610-Quad Genotyping BeadChip > 0.95 >0.95 >0.01 > 10'4 IMPUTE v0.5.0 >0.01 score-info >0.5 SNPTEST v2.1.1 HapMap Phase Il (rel22), JPT+CHB
SP2_2 lllumina Human1M Genotyping BeadChip > 0.95 >0.95 >0.01 > 10'4 IMPUTE v0.5.0 >0.01 score-info >0.5 SNPTEST v2.1.1 HapMap Phase Il (rel22), JPT+CHB
SP2_3 lllumina HumanHap550 Genotyping BeadChip > 0.95 >0.95 >0.01 > 10'4 IMPUTE v0.5.0 >0.01 score-info >0.5 SNPTEST v2.1.1 HapMap Phase Il (rel22), JPT+CHB
SIMES Illumina HumanHap610-Quad Genotyping BeadChip > 0.95 >0.95 >0.01 > 10'6 IMPUTE v0.5.0 >0.01 score-info >0.5 SNPTEST v2.1.1 HapMap Phase Il (rel22), 4 populations
SINDI Illumina HumanHap610-Quad Genotyping BeadChip > 0.95 >0.95 >0.01 > 10'6 IMPUTE v0.5.0 >0.01 score-info >0.5 SNPTEST v2.1.1 HapMap Phase Il (rel22), 4 populations
KARE Affymetrix Genome-wide Human Arrray 5.0 >0.98 >0.95 >0.01 > 10'6 IMPUTE >0.01 proper-info >0.5 PLINK HapMap Phase Il (rel22), JPT+CHB
TWSC lllumina HumanHap550 Genotyping BeadChip - >0.95 >0.01 > 10'6 IMPUTE v2 >0.01 proper-info >0.5 SNPTEST v2 HapMap Phase Il (rel22), JPT+CHB
TWT2D lllumina HumanHap550 Genotyping BeadChip - >0.95 >0.01 > 10'6 IMPUTE v2 >0.01 proper-info >0.5 SNPTEST v2 HapMap Phase Il (rel22), JPT+CHB
GenSalt Affymetrix Genome-wide Human Arrray 6.0 - >0.75 >0.01 > 10'7 MACH 1.0.16 >0.01 Rsq > 0.5 Rv2.10.1 HapMap Phase Il (rel22), JPT+CHB
Illumina HumanHap610-Quad Genotyping BeadChip 5
CAGE >0.90 >0.95 >0.01 > 10 BEAGLE v3.0.4 >0.01 Rsq > 0.5 PLINK v1.06 HapMap Phase Il (rel24), JPT+CHB
Illumina HumanHap550 Genotyping BeadChip
Replication study

BBJ_5 lllumina HumanOmniExpress Genotyping BeadChip >0.98 >0.99 >0.01 > 10'7 MACH v1.0.16 >0.01 Rsq > 0.5 mach2qtl HapMap Phase Il (rel24), JPT+CHB
BBJ_6 Oligonucleotide array of Perlegen Sciences >0.95 >0.95 >0.01 > 10'6 MACH v1.0.16 >0.01 Rsq > 0.5 mach2qtl HapMap Phase Il (rel24), JPT+CHB
SCES Illumina HumanHap610-Quad Genotyping BeadChip > 0.95 >0.95 >0.01 > 10'6 IMPUTE v0.5.0 >0.01 score-info >0.5 SNPTEST v2.1.1 HapMap Phase Il (rel22), JPT+CHB
HEXA Affymetrix Genome-wide Human Arrray 6.0 >0.98 >0.95 >0.01 > 10'6 IMPUTE >0.01 proper-info >0.5 PLINK HapMap Phase Il (rel22), JPT+CHB

GWAS, genome-wide association study; MAF, minor allele frequency; HWE, Hardy-Weinberg equilibrium; JPT, Japanese; CHB, Han Chinese.
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Supplementary Table 4. No. SNPs and inflation factors in the GWAS meta-analysis.

No. SNPs Inflation factor (Agc)®
GWAS
BUN sCr eGFRcrea UA BUN sCr eGFRcrea UA
BBJ_1 2,263,308 2,263,308 2,263,308 2,263,308 1.042 1.065 1.062 1.028
BBJ_2 2,220,799 2,220,799 2,220,799 2,220,799 1.000 1.033 1.031 1.010
BBJ_3 2,220,799 2,220,799 2,220,799 2,220,799 1.014 1.003 1.012 0.994
BBJ_4 2,283,889 2,283,889 2,283,889 2,283,889 1.012 1.022 1.024 1.014
SP2_1 - 2,248,237 2,248,254 - - 0.997 0.999 -
SP2_2 - 1,966,259 1,966,292 - - 1.018 1.019 -
SP2_3 - 2,218,604 2,218,567 - - 0.992 0.991 -
SIMES - 1,982,211 1,982,204 - - 0.998 0.998 -
SINDI - 1,962,959 1,962,961 - - 1.013 1.013 -
KARE 1,563,137 - - - 1.027 - - -
TWSC 2,159,680 2,159,647 2,159,672 2,159,674 1.002 1.008 1.004 0.993
TWT2D 2,159,636 2,159,593 2,159,608 2,159,630 1.003 1.005 0.999 1.009
GenSalt - 1,060,441b 1,060,431b - - 1.031 1.017 -
CAGE 1,962,742 1,962,742 1,962,742 1,962,742 0.998 0.995 0.996 1.004
Meta-analysisC 2,281,523 2,353,587 2,353,587 2,278,301 1.060 1.072 1.079 1.031

#Genomic control corrections

which Agc were less than 1.00, genomic control corrections were not applied.

2324 \were applied to each of the GWAS before the meta-analysis, and were applied again to the results of the meta-analysis.

®We excluded SNPs in which generalized linear mixed models accounting for the family structures did not converge.

°SNPs that were evaluated in three or more GWAS were enrolled in the meta-analysis.

For the GWAS of

GWAS, genome-wide association study; BUN, blood urea nitrogen; sCr, serum creatinine; eGFRcrea, estimated glomerular filtration rate based on serum creatinine; UA, uric

acid.
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Supplementary Table 5. Results of the GWAS meta-analysis and the replication study for kidney function-related traits.

Associations in East Asians

Associations in

Position Al/
rsiD® Chr . Band Genes b Freq® GWAS Meta-analysis Replication study Combined study Europeans® Ref.
) h2 . Beta (SE)d P Beta (SE)d P Beta (SE)d P Beta (SE)f P

Blood urea nitrogen (n = 39,717 for GWAS meta-analysis, n = 17,461 for replication)
rs2049805 1 153,461,604 1922 MTX1-GBA TIC 0.17 0.0072 (0.0013) 1.9x108 0.0072 (0.0017) 2.3x10° 0.0072 (0.0010) 1.8x10™
rs11123170 2 113,695,411 2913 PAX8 G/C 0.35 0.0059 (0.0010) 2.4x10° 0.0035 (0.0014) 0.014 0.0051 (0.0008) 3.3x10™°
rs13069000 3 66,881,640 3pld LRIG1-KBTBD8 G/C 0.17 0.0097 (0.0013) 3.6x10™ 0.0085 (0.0017) 4.8x107 0.0093 (0.0010) 1.4x10™ 2
rs16853722 3 170,633,326 3026 MECOM CIT 0.29 0.0059 (0.0010) 1.3x10® 0.0072 (0.0014) 2.7x107 0.0064 (0.0008) 2.7x10™
rs10937329 3 189,196,412 3027 BCL6-LPP TIA 0.69 0.0103 (0.0010)  8.4x10°* 0.0092 (0.0017) 1.0x107 0.0100 (0.0009) 8.8x10% 2
rs17663555 5 72,467,792 5013 TMEM171-TMEM174 G/C 0.34 0.0046 (0.0010) 3.9x10°® 0.0026 (0.0015) 0.093 0.0040 (0.0008) 1.8x10°
rs2206271 6 50,893,967 6p12 TFAP2B AIT 0.32 0.0066 (0.0014) 1.3x10° 0.0039 (0.0016) 0.016 0.0055 (0.0010) 1.6x107
rs1936800 6 127,477,757 6022 RSPO3 T/IC 0.50 0.0049 (0.0009) 1.7x107 0.0056 (0.0013) 1.7x10° 0.0052 (0.0008) 1.2x10™" 14
rs10275044 7 1,240,371 7p22 UNCX TIA 0.34 0.0079 (0.0015) 1.3x107 0.0053 (0.0019) 0.0056 0.0069 (0.0012) 4.3x10°
rs17169194 7 7,647,222 7p21 RPA3 AIC 0.89 0.0088 (0.0019) 1.9x10° 0.0003 (0.0024) 0.92 0.0055 (0.0015) 1.4x10™*
rs10984991 9 122,513,063 9033 MEGF9 AIG 0.11 0.0089 (0.0018) 7.1x107 -0.0011 (0.0023) 0.62 0.0051 (0.0014) 3.0x10™
rs10767873 11 30,725,254 11pl4 MPPED2-DCDC5  C/T  0.69  0.0068 (0.0010)  7.0x10™ 0.0068 (0.0014)  1.4x10° 0.0068 (0.0008)  4.5x10™°
rs2074356 12 111,129,784 12024.13 C12orf51 A/G 0.23 0.0064 (0.0013) 4.4x107 0.0063 (0.0020) 0.0012 0.0064 (0.0011) 1.8x107°
rs17730281 15 51,695,240 15021 WDR72 G/A 0.58 0.0054 (0.0010) 1.5x108 0.0046 (0.0013) 4.5x10™ 0.0051 (0.0008) 3.0x10™
rs11868441 17 56,594,003 17923 BCAS3 G/A 0.75 0.0062 (0.0013) 2.1x10°® 0.0055 (0.0015) 2.2x10* 0.0059 (0.0010) 2.1x10°
rs7227483 18 41,441,128 18912 SLC14A2 G/A 080  0.0086(0.0012) 1.0x10™% 0.0078 (0.0016)  9.6x107 0.0083 (0.0010)  6.7x10™* 2
rs6026584 20 56,902,468 20013 GNAS T/IC 0.32 0.0055 (0.0011) 7.1x107 0.0046 (0.0016) 0.0033 0.0052 (0.0009) 8.8x10”
Serum creatinine  (n = 42,257 for GWAS meta-analysis, n = 19,662 for replication, n = 23,812 for Europeans®)
rs13146355 4 77,631,164 4921 SHROOMS3 AIG 0.21 0.0052 (0.0009) 3.6x10° 0.0039 (0.0011) 5.3x10™* 0.0047 (0.0007) 9.4x10™ 0.0031 (0.0006) 7.7x107 25
rs12654812 5 176,726,797 5035 RGS14 AIG 0.36 0.0049 (0.0009) 3.2x10°® 0.0011 (0.0013) 0.37 0.0036 (0.0007) 4.8x107
rs3828890 6 31,548,648 6p21 MHC region G/C 0.11 0.0074 (0.0015) 5.3x107 0.0060 (0.0018) 0.0011 0.0069 (0.0012) 2.6x10° N.A. N.A.
rs17757177 6 55,402,974 6p12 RBM16 AIC 0.24 0.0041 (0.0009) 1.8x10° -0.0011 (0.0011) 0.35 0.0022 (0.0007) 1.2x10°
rs4870304 6 155,033,535 6025 CNKSR3-RBM16 G/A 0.29 0.0038 (0.0008) 9.1x10” -0.0002 (0.0013) 0.91 0.0028 (0.0007) 2.6x10°
rs10277115 7 1,251,721 7p22 UNCX TIA 0.35 0.0060 (0.0009) 2.2x10™° 0.0034 (0.0015) 0.022 0.0052 (0.0008) 4.6x10™ 0.0011 (0.0013) 0.41
rs963837 11 30,705,666 11p14 MPPED2-DCDC5 TIC 0.64 0.0036 (0.0007) 7.5%x107 0.0040 (0.0012) 0.0013 0.0037 (0.0006) 3.4x10° 0.0007 (0.0006) 0.25
rs671 12 110,726,149 12024.2 ALDH2 AIG 0.27 0.0047 (0.0009) 5.0x10® 0.0040 (0.0013) 0.0015 0.0045 (0.0007) 2.8x10™° N.A. N.A.
rs17778975 13 108,621,111 13033 MYO16 AIT 0.78 0.0051 (0.0011) 4.9x10° -0.0003 (0.0018) 0.88 0.0036 (0.0010) 1.6x10™
rs2470171 15 49,453,614 15021 GLDN T/IC 0.42 0.0035 (0.0008) 4.4x10° 0.0004 (0.0010) 0.68 0.0024 (0.0006) 8.8x10°
rs17730436 15 51,730,220 15021 WDR72 TIC 0.60 0.0046 (0.0008) 2.4x10° 0.0058 (0.0012) 7.3x107 0.0050 (0.0007) 1.2x10™ N.A. N.A. 2
rs11864909 16 20,308,340 16p12 UMOD CIT 0.81 0.0055 (0.0009) 4.8x10° 0.0044 (0.0016) 0.0050 0.0052 (0.0008) 1.1x10™ 0.0040 (0.0009) 5.6x10° 26
rs181533 17 8,750,557 17p13 PIK3R5 T/IC 0.79 0.0056 (0.0012) 1.3x10° 0.0008 (0.0016) 0.63 0.0039 (0.0009) 2.8x10°
rs9895661 17 56,811,371 17923 BCAS3 CIT 0.52 0.0047 (0.0008) 1.1x10° 0.0039 (0.0012) 0.0018 0.0045 (0.0007) 7.4x10™ 0.0046 (0.0009) 2.4x10°® 25
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eGFRcrea (n = 42,451 for GWAS meta-analysis, n = 19,636 for replication, n = 67,093 for Europeans®’)

rs7649443 3 198,416,218 3029 DLG1 C/T 072  -0.0045(0.0010) 2.6x10° 0.0016 (0.0014) 0.26 -0.0025 (0.0008)  1.3x107°

rs13146355 4 77,631,164 4921 SHROOM3 A/G 021  -0.0056 (0.0010) 2.7x10° -0.0043 (0.0012)  5.0x10™ -0.0051 (0.0008)  6.6x10™ -0.0117 (0.0013)  2,0x10™ 27,28
rs12654812 5 176,726,797 5035 RGS14 A/G 036  -0.0056 (0.0010) 2.9x10° -0.0016 (0.0014) 0.25 -0.0042 (0.0008)  2.3x107 27
rs3828890 6 31,548,648 6p21 MHC region G/IC 011 -0.0091(0.0017) 9.8x10° -0.0062 (0.0020)  0.0018 -0.0079 (0.0013)  1.2x107° N.A. N.A.

rs17757177 6 55,402,974 6p12 RBM16 A/IC 024  -0.0046 (0.0010) 3.7x10° 0.0011 (0.0012) 0.36 -0.0023 (0.0008)  2.6x107°

rs2797369 6 101,781,011 6016 GRIK2 TIC 0.66  -0.0046 (0.0010)  4.5x10° -0.0036 (0.0013)  0.0069 -0.0042 (0.0008)  1.1x10°

rs9397738 6 155,028,356 6025 CNKSR3-RBM16 G/A 022  -0.0048(0.0010) 1.4x10° -0.0014 (0.0016) 0.37 -0.0039 (0.0009)  4.9x10°®

rs10277115 7 1,251,721 7p22 UNCX T/A 035 -0.0066 (0.0011) 7.3x10™° -0.0039 (0.0016) 0.014 -0.0058 (0.0009)  1.0x10™ -0.0055 (0.0022)  0.016

rs963837 11 30,705,666 11p14 MPPED2-DCDC5  T/C  0.64  -0.0041(0.0008) 6.3x10" -0.0048 (0.0013)  3.8x10™ -0.0043 (0.0007)  1.1x10° -0.0074 (0.0013)  5.3x10°

rs17778975 13 108,621,111  13g33 MYO16 AT 078  -0.0061(0.0013)  1.7x10° 0.0003 (0.0020) 0.90 -0.0042 (0.0011)  7.5x10°

rs17730436 15 51,730,220 15021 WDR72 T/IC 060 -0.0053(0.0010) 3.0x10° -0.0061 (0.0013)  1.4x10° -0.0055 (0.0008)  6.0x10™* -0.0092 (0.0071) 0.22

rs11864909 16 20,308,340 16p12 UMOD C/T 081 -0.0062(0.0011) 9.1x10° -0.0044 (0.0017)  0.0085 -0.0057 (0.0009)  3.6x10™° -0.0118 (0.0016)  1.0x10™ 27,28
rs438835 17 8,744,849 17p13 PIK3R5 C/A 077 -0.0055(0.0012) 3.1x10° -0.0002 (0.0016) 0.91 -0.0036 (0.0010)  1.3x10™

rs9895661 17 56,811,371 17q23 BCAS3 C/T 052 -0.0053(0.0009) 1.9x10° -0.0046 (0.0014)  5.8x10™ -0.0051 (0.0008)  4.8x10™ -0.0105 (0.0018)  1.4x10° 27
Urate (n=21,417 for GWAS meta-analysis, n = 11,657 for replication, n = 110,347 for Europeans”)

rs1021916 2 212,841,067 2q34 ERBB4 G/A  0.84  0.0965(0.0199) 1.2x10° 0.0201 (0.0229) 0.38 0.0637 (0.0150)  2.2x10°

rs10513699 3 173,475,606 3926 FNDC3B GIT 092  0.1152(0.0236)  1.0x10° -0.0315 (0.0322) 0.33 0.0640 (0.0190)  7.6x10™

rs3775948 4 9,604,280 4p16 SLC2A9 C/G 059  0.1860(0.0135) 2.9x10™* 0.1674 (0.0165)  3.6x10% 0.1786 (0.0104)  1.6x10°%° 0.3555 (0.0061) <10 2,30-36
rs2725220 4 89,178,946 4q22 ABCG2 C/G 032 0.1363(0.0144) 2.2x10% 0.1323 (0.0210)  2.8x10™° 0.1350 (0.0118)  4.2x10°*° 0.0154 (0.0055) ~ 0.0076  2,33,35,36
rs504915 11 64,220,661 11q13 SLC22A12 T/IA  0.82  0.2567 (0.0177) 9.4x10™® 0.1822 (0.0206)  8.7x10™*° 0.2251 (0.0134)  3.3x10™% 0.0619 (0.0059)  1.6x1072% 2,35,36
rs889472 16 78,203,490 16G23 MAF C/A 057  0.0758(0.0136) 2.8x10° 0.0584 (0.0227) 0.010 0.0711 (0.0117)  1.1x10° 0.0079 (0.0062) 0.23

3SNPs that satisfied P < 5.0 x 10 in the GWAS meta-analysis are indicated.

®The allele that increased blood urea nitrogen, serum creatinine, and uric acid or that decreased eGFRcrea was denoted as allele 1 (Al) and indicated on the basis of the
forward strand of the NCBI build 36.

‘Frequency of allele 1 in the GWAS meta-analysis.

“Effect size of allele 1 on common log-transformed values of blood urea nitrogen, serum creatinine, and eGFRcrea, or non-transformed values of uric acid.

®SNPs that satisfied P < 5.0 x 10 in the combined study of GWAS meta-analysis and replication study for serum creatinine, eGFRcrea, or uric acid were evaluated using the
results of the European studies, as described elsewhere®?"%°,

'Effect size of allele 1 on % change in serum creatinine, natural log-transformed values of eGFRcrea, or non-transformed values of uric acid.

GWAS, genome-wide association study; SE, standard error; eGFRcrea, estimated glomerular filtration rate based on serum creatinine; N.A., not available.
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Supplementary Table 6. Correlations among the kidney function-related traits.

r

BUN sCr eGFRcrea UA
BUN - 0.452 -0.500 0.249
) sCr 0.205 - -0.875 0.483
R eGFRcrea 0.250 0.765 - -0.365
UA 0.062 0.234 0.133 -

The correlation coefficient, r, and the coefficient of determination, R?, between each pair of the values of the kidney function-related traits estimated using the Japanese
subjects from the BioBank Japan Project enrolled in the GWAS meta-analysis (BBJ_1-4; n = 30,175) are indicated.
For BUN, sCr, and eGFRcrea, correlations for common log-transformed values were evaluated.

BUN, blood urea nitrogen; sCr, serum creatinine; eGFRcrea, estimated glomerular filtration rate based on serum creatinine; UA, uric acid.
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Supplementary Table 7. Associations in the previously reported loci associated with kidney function-related traits.

Associations of the previously reported SNPs Associations of the best SNPs in East Asians
rsiD Chr Position (bp) Cytoband Genes A1/A2% Freq. Beta (SE)b P rsiD® Chr Position (bp) P
Blood urea nitrogen (n = 39,717)
rs11709625 3 66,905,847  3pld LRIG1-KBTBDS A/IC 017 0.0095(0.0013) 2.7x10®  rs13069000 3 66,881,640 3.6x10
rs9820070 3 189,169,768  3¢27 BCL6-LPP A/C  0.68 0.0098 (0.0010) 5.2x102 rs10937329 3 189,196,412 8.4x102
rs6569474 6 127,535,304 6022 RSPO3 A/T 050 -0.0038 (0.0010) 4.8x10° rs1936800 6 127,477,757 1.7x107
1s7227483 18 41,441,128  18q12 SLC14A2 AIG  0.20 -0.0086 (0.0012) 1.0x10™'?  rs7227483 18 41,441,128 1.0x10™?
Serum creatinine (n = 42,257)
rs10206899 2 73,754,408 2p13 NAT8 TIC 0.94  0.0046 (0.0041) 0.26 -
rs9992101 4 77,579,455 4921 SHROOM3 A/G 0.092 0.0048 (0.0014) 3.4x10™ rs13146355 4 77,631,164  3.6x10°
rs3127573 6 160,601,383 6025 SLC22A2 A/G 092 -0.0021 (0.0013) 0.12 -
rs10518733 15 51,727,599 15021 WDR72 AIC  0.60 0.0038 (0.0007) 1.4x107 rs17730436 15 51,730,220 2.4x10°
rs4293393 16 20,272,089 16p12 UMOD AIG 0.89 0.0021 (0.0013) 0.11 -
rs8068318 17 56,838,548 17923 TBX2 TIC 0.37  -0.0019 (0.0008) 0.012 -
rs4805834 19 38,145,499 19913 SLC7A9 T/C 0.090 0.0006 (0.0012) 0.63 -
eGFRcrea (n = 42,451)
rs1933182 1 109,801,361 1p13 PSMA5-SYPL2 A/C 0.090 0.0015 (0.0021) 0.48 -
1s267734 1 149,218,101 1921 LASS2-ANXA9 TIC 0.92  -0.0015 (0.0021) 0.48 -
rs1260326 2 27,584,444 2p23 GCKR T/IC 0.52 0.0017 (0.0008) 0.039 -
rs13538 2 73,721,836 2p13 NAT8 G/A  0.00 - -
rs7422339 2 211,248,752 2934 CPS1 AlC 0.19  -0.0050 (0.0012) 4.9x10° rs4567871 2 211,247,547 5.1x10°
rs347685 3 143,289,827 3023 TFDP2 A/IC 0.72 -0.0011 (0.0009) 0.26 -
rs17319721 4 77,587,871 4021 SHROOM3 A/G 0.083 -0.0060 (0.0015) 8.3x10° rs13146355 4 77,631,164  2.7x10°®
rs11959928 5 39,432,889 5p13 DAB2 A/T  0.25 -0.0003 (0.0010) 0.74 -
rs6420094 5 176,750,242 5035 RGS14 AIG 0.71 0.0044 (0.0009)  7.5x107 rs12654812 5 176,726,797 2.9x10°
rs881858 6 43,914,587 6p21 VEGFA AIG 0.72 0.0001 (0.0019) 0.94 -
rs2279463 6 160,588,379 6025 SLC22A2 A/G  0.89 0.0005 (0.0016) 0.75 -
1s6465825 7 77,254,375 7911 RSBN1L-TMEM60 TIC 0.76 0.0021 (0.0010) 0.028 -
rs10109414 8 23,807,096 8p21 STC1 T/IC 0.20  -0.0035 (0.0010) 6.4x10* rs6982337 8 23,750,432 2.6x10°
rs4744712 9 70,624,527 9921 PIP5K1B AlC 0.38  -0.0017 (0.0008) 0.047 -
rs10794720 10 1,146,165 10p15 WDR37 TIC 0.11  -0.0016 (0.0015) 0.28 -
rs4014195 11 65,263,398 11913 RNASEH2C-OVOL1 G/C 0.20 -0.0042 (0.0010) 4.6x10”° rs12576996 11 65,337,214  1.6x10°
rs10774021 12 219,559 12p13 SLC6A13 T/C 034 -0.0031(0.0009) 3.9x10* 1s7969761 12 226,103 1.9x10°
1s626277 13 71,245,697 13921 DACH1 A/C  0.19 -0.0028 (0.0011) 0.013 -
rs2453533 15 43,428,517 15021 GATM-SPATAS5L1 AlIC 0.87  -0.0035 (0.0014) 0.016 -
rs491567 15 51,733,885 15021 WDR72 AIC  0.53 -0.0037 (0.0008) 4.7x10° rs17730436 15 51,730,220 3.0x10°
rs1394125 15 73,946,038 15024 UBE2Q2 A/G 0.091 -0.0016 (0.0014) 0.26 -
rs4293393 16 20,272,089 16p12 UMOD-PDILT A/G 0.89 -0.0027 (0.0015) 0.083 -
rs9895661 17 56,811,371 17923 BCAS3 TIC 0.48 0.0057 (0.0009)  1.8x10° rs9895661 17 56,811,371  1.9x10°
rs12460876 19 38,048,731 19913 SLC7A9 T/IC 0.38  -0.0011 (0.0008) 0.20 -
Urate (n =21,417)
rs12129861 1 144,437,046 1921 PDzK1 AIG 0.13 -0.064 (0.021) 0.0020
rs780093 2 27,596,107 2p23 GCKR T/IC 0.55 0.045 (0.013) 8.7x10* rs4665987 2 27,609,329 8.8x10™°
rs2544390 2 169,913,092 2g31 LRP2 TIC 0.49 0.052 (0.013) 1.1x107% rs2673172 2 169,913,046 8.1x10°
rs13129697 4 9,536,065 4p16 SLC2A9 TG 052 0.130 (0.013)  4.2x107%? rs3775948 4 9,604,280 2.9x10%
rs4148155 4 89,273,691  4q22 ABCG2 AIG 070  -0.168(0.015) 1.6x10% 152725220 4 89,178,946 2.2x10%
rs675209 6 7,047,083 6p24 RREB1 TIC 0.93 0.043 (0.026) 0.10 -
rs1183201 6 25,931,423 6p22 LRRC16A-SLC17A1 AIT 0.16 -0.065 (0.018) 2.6x10™ rs566530 6 25,986,340  4.9x10°
rs12356193 10 61,083,359 10921 SLC16A9 G/A  0.00 - -
rs506338 11 64,197,496 11913 SLC22A12 TIC 0.82 0.253 (0.018) 5.6x10™7 rs504915 11 64,220,661 9.4x10™®
rs1106766 12 56,095,723 12913 INHBC T/C  0.077 -0.005 (0.027) 0.86 -

?0n the basis of the forward strand of the NCBI build 36.

PEffect size of allele 1 on common log-transformed blood urea nitrogen, serum creatinine, and eGFRcrea levels, or
non-transformed uric acid levels in the GWAS meta-analysis.

°For the SNP that were significantly replicated in our East Asian subjects(P < 0.0016), the most associated SNP in the
East Asian subjects located £ 200kb of the SNP reported in the previous study was indicated.

SE, standard error.
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Supplementary Table 8. Pleiotropic associations of the identified loci among the kidney function-related traits and risk of chronic kidney disease.

» Blood urea nitrogen Serum creatinine eGFRcrea Uric acid Chronic kidney disease
s Chr P"(Sb';')"“ Band Genes AL/AZR (n = 57,178) (n = 61,919) (n = 62,087) (n = 33,074) (8,805 cases and 35,259 controls )
Beta (SE)° pd Beta (SE)° pd Beta (SE)° pd Beta (SE)° pd OR (95%CI)° pd
rs2049805 1 153,461,604  1g22 MTX1-GBA T/C 0.0072 (0.0010) 1.8x10? 0.0016 (0.0007)  0.027 -0.0016 (0.0008)  0.046 0.042 (0.014)  0.0022 0.99 (0.95-1.04) 0.75
rs11123170 2 113,695,411  2q13 PAX8 G/C  0.0051 (0.0008) 3.3x10%° 0.0017 (0.0006)  0.0059 -0.0018 (0.0007)  0.0082 0.020 (0.011)  0.079 1.06 (1.02-1.10) 0.0058
rs13069000 3 66,881,640  3pld LRIG1-KBTBD8 G/C 0.0093 (0.0010) 1.4x10*° 0.0009 (0.0008)  0.24 -0.0007 (0.0009)  0.42 0.037 (0.014)  0.0093 1.00 (0.95-1.05) 0.94
rs16853722 3 170,633,326  3q26 MECOM T/C -0.0064 (0.0008) 2.7x10**  -0.0022 (0.0007) 9.4x10™ 0.0024 (0.0007) 8.3x10%  -0.004 (0.012) 0.76 0.94 (0.90-0.97) 9.9x10*
rs10937329 3 189,196,412  3q27 BCL6-LPP A/T -0.0100 (0.0009) 8.8x10°°  -0.0001 (0.0007)  0.90 -0.0001 (0.0008)  0.93 -0.012 (0.013)  0.36 1.02 (0.98-1.06) 0.40
rs3775948 4 9,604,280  4pl6 SLC2A9 G/C 0.0015 (0.0008)  0.061 -0.0005 (0.0006)  0.40 0.0006 (0.0006)  0.36 -0.179 (0.010) 1.6x10°%® 0.97 (0.94-1.01) 0.13
rs13146355 4 77,631,164  4q21 SHROOM3 A/G  0.0018 (0.0009)  0.043 0.0047 (0.0007) 9.4x10™  -0.0051 (0.0008) 6.6x10™** 0.017 (0.012)  0.16 1.04 (0.99-1.08) 0.090
152725220 4 89,178,946  4q22 ABCG2 G/C  0.0011 (0.0009)  0.20 -0.0009 (0.0007)  0.18 0.0009 (0.0007)  0.23 -0.135 (0.012) 4.2x10°%° 0.99 (0.95-1.02) 0.44
rs3828890 6 31,548,648  6p21 MHC region G/C 0.0021 (0.0014)  0.14 0.0069 (0.0012)  2.6x10°® -0.0079 (0.0013)  1.2x10° 0.038 (0.020)  0.051 1.11 (1.04-1.19) 0.0016
rs1936800 6 127,477,757  6q22 RSPO3 T/C 0.0052 (0.0008) 1.2x10**  -0.0003 (0.0006)  0.64 0.0004 (0.0007)  0.57 -0.003 (0.010)  0.78 1.01 (0.97-1.04) 0.72
rs10277115 7 1,251,721 7p22 UNCX AT -0.0072 (0.0012) 1.9x10° -0.0052 (0.0008) 4.6x10 0.0058 (0.0009) 1.0x10®  -0.036 (0.015) 0.014 0.89 (0.85-0.93) 1.7x10°
rs10767873 11 30,725,254  11pl4 MPPED2-DCDC5 T/C -0.0068 (0.0008) 4.5x107¢  -0.0033 (0.0007) 4.3x10” 0.0038 (0.0007)  1.8x107 -0.029 (0.012)  0.012 0.94 (0.91-0.98) 0.0055
rs504915 11 64,220,661  11q13 SLC22A12 A/T -0.0005 (0.0011)  0.68 0.0007 (0.0007)  0.32 -0.0007 (0.0008)  0.39 -0.225 (0.013) 3.3x10°%® 0.99 (0.95-1.04) 0.74
rs671 12 110,726,149 12q24.2 ALDH2 AIG  0.0045 (0.0010) 1.3x10° 0.0045 (0.0007) 2.8x107®  -0.0043 (0.0008) 7.8x10°® -0.062 (0.013) 1.6x10°® 1.03 (0.99-1.08) 0.16
rs2074356 12 111,129,784 12q24.13 C120rf51 AIG  0.0064 (0.0011) 1.8x10?° 0.0049 (0.0008)  1.9x10° -0.0050 (0.0009) 6.5x10® -0.064 (0.015) 1.6x10° 1.04 (0.99-1.09) 0.14
rs17730281 15 51,695,240  15¢21 WDR72 AI/G  -0.0051 (0.0008) 3.0x10™  -0.0044 (0.0006) 3.6x107* 0.0049 (0.0007) 1.3x10**  -0.011(0.010)  0.29 0.90 (0.87-0.93) 1.3x10°®
rs11864909 16 20,308,340  16pl2 UMOD T/C -0.0034 (0.0012)  0.0058 -0.0052 (0.0008) 1.1x107%° 0.0057 (0.0009) 3.6x107°  -0.002 (0.015)  0.87 0.92 (0.87-0.96) 7.0x10*
rs889472 16 78,203,490  16q23 MAF A/C  -0.0010 (0.0010)  0.30 -0.0007 (0.0006)  0.29 0.0007 (0.0007)  0.30 0.071 (0.012) 1.1x10° 0.94 (0.90-0.97) 0.0012
rs11868441 17 56,594,003 17023 BCAS3 AIG -0.0059 (0.0010) 2.1x10° -0.0017 (0.0007)  0.010 0.0019 (0.0008)  0.0098 0.032 (0.012)  0.0089 0.96 (0.92-1.00) 0.062
rs9895661 17 56,811,371 17023 BCAS3 T/C -0.0005 (0.0010)  0.65 -0.0045 (0.0007) 7.4x10M 0.0051 (0.0008) 4.8x10% 0.042 (0.013) 9.3x10™ 0.94 (0.90-0.98) 0.0060
s7227483 18 41,441,128  18q12 SLC14A2 A/G -0.0083 (0.0010) 6.7x10%8 0.0008 (0.0008)  0.32 -0.0009 (0.0009)  0.32 0.028 (0.013)  0.033 1.04 (0.99-1.08) 0.11
rs6026584 20 56,902,468  20q13 GNAS T/C_ 0.0052 (0.0009)  8.8x10° 0.0010 (0.0007)  0.19 -0.0013 (0.0008)  0.10 0.037 (0.013)  0.0041 1.07 (1.02-1.12) 0.0022

%Indicated on the basis of the forward strand of the NCBI build 36.

PEffect size of allele 1 on common log-transformed blood urea nitrogen, serum creatinine, and eGFRcrea levels, or non-transformed uric acid levels in the combined study of

the GWAS meta-analysis and the replication study.

°Odds ratio of allele 1.

p-value that satisfied Bonferroni's correction based on number of the loci (0o.=10.05, n =21, P <0.0024) are indicated in bold.

OR, odds ratio; SE, standard error; 95%Cl, 95% confidence interval.
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Section 2. Supplementary Figures

Supplementary Figure 1. Quantile-quantile plots of P-values in the GWAS meta-analysis.

Quantile-quantile plots of P-values in the GWAS meta-analysis for (a) blood urea nitrogen, (b) serum creatinine,

(c) eGFRcrea, and (d) uric acid. The horizontal axis indicates the expected -log;o (P-values). The vertical

23,24

axis indicate the observed -log;, (P-values) after the application of genomic control correction®* with inflation

factor, Agc, Which is indicated in each of the plots. The gray line represents y = x, which corresponds to the

null hypothesis. The SNPs for which the P-values were smaller than 1.0 x 10™ are indicated at the upper

limit of the plot.
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Supplementary Figure 2. Regional plots of newly identified loci associated with kidney function-related traits.

Regional plots of the SNPs in the novel loci identified for (a-i) blood urea nitrogen, (j-m) serum creatinine, (n-p) eGFRcrea, and (q) uric acid. Diamond-shaped dots represent
-logio (P-values) of the SNPs. The red diamond-shaped dots represent -log;o (P-values) of the SNPs in the GWAS meta-analysis. The density of the red color in the
smaller-sized dots represents the r* value with the most significantly associated SNP of the larger-sized red dot. The green dot represents the P-value in the combined study.
The blue line shows recombination rates given by the HapMap Phase Il East Asian populations (release 22). The gray horizontal line represents the genome-wide

significance threshold of P = 5.0 x 10®.  The lower portion indicates the RefSeq genes in the locus. The plots were drawn using SNAP version 2.2%.
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Section 3. Supplementary Note

I. Descriptions of the participating cohorts.

1. The BioBank Japan Project (BBJ).

Subjects. The BioBank Japan Project (http://biobankjp.org)® started at the Institute of Medical Science, the
University of Tokyo in 2003 and have so far collected up to 300,000 cases consisting of 47 diseases in the
bank. These subjects were recruited from 12 medical institutes in Japan including Osaka Medical Center for
Cancer and Cardiovascular Diseases, the Cancer Institute Hospital of Japanese Foundation for Cancer
Research, Juntendo University, Tokyo Metropolitan Geriatric Hospital, Nippon Medical School, Nihon
University School of Medicine, lwate Medical University, Tokushukai Hospitals, Shiga University of Medical
Science, Fukujuji Hospital, National Hospital Organization Osaka National Hospital, and lizuka Hospital.

In this study, a total of 44,433 subjects (46.5% females; mean + SD age of 61.3 + 13.2; n = 30,175 for the
GWAS meta-analysis and n = 14,258 for the in-silico replication study) were enrolled and available with the
data of blood urea nitrogen (n = 42,467), serum creatinine (n = 44,064), eGFRcrea (n = 44,245), and uric acid
(n=27,303). Subjects who were determined to be of non-Japanese origin by self-report, PCA, or our

2-4,21

previous studies were not included. All participants provided written informed consent as approved by the

ethical committees of the RIKEN Yokohama Institute and the Institute of Medical Science, University of Tokyo.

Kidney function-related traits measurement. Clinical information for the samples in the BioBank Japan
Project’ is collected and updated annually from a self-reporting uniform questionnaire (for birth year, height,
weight, and smoking and drinking habits) and from medical records (for laboratory data including the kidney

function- related traits) by the professional medical coordinators according to a standardized manner.

Genotyping and imputation. We used the data of GWAS for 47 diseases which were performed for the
BioBank Japan Project’. In the GWAS, genotyping was performed using the Illumina HumanHap550v3
Genotyping BeadChip, lllumina HumanHap610-Quad Genotyping BeadChip, lllumina HumanOmniExpress
Genotyping BeadChip (lllumina, CA, USA), or oligonucleotide array of Perlegen Sciences (Perlegen Sciences,
CA, USA). Atfter excluding the subjects with call rates lower than 0.95~0.98, we excluded SNPs with call rates
lower than 0.95~0.99, SNPs with ambiguous calls, or non-autosomal SNPs. We excluded closely related
subjects by using identity-by-state (IBS). For each pair with 1st or 2nd degree of kinship, we excluded the
member of the pair with lower call rates. We also excluded subjects whose ancestries were estimated to be

distinct from the other subjects by using PCA performed by EIGENSTRAT version 2.0%. We performed PCA
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for the genotype data of our study along with the genotype data of unrelated European (CEU), African (YRU),
and East-Asian (Japanese and Han Chinese; JPT + CHB) individuals obtained from the Phase Il HapMap
database (release 24)*. Based on the PCA plot, we excluded the outliers in terms of ancestry from JPT +
CHB clusters. We then excluded the SNPs with MAF < 0.01 or the SNPs with exact P-value of the
Hardy-Weinberg equilibrium test < 1.0 x 10°~1.0 x 10™.

Genotype imputation was performed using MACH 1.0.16 in two step procedure®. The JPT and CHB
individuals obtained from Phase Il HapMap database (release 24)* were used as references. In the first step,
recombination and error rate maps were estimated using 500 subjects randomly selected from the GWAS data.
In the second step, genotype imputation of all subjects was conducted using the rate maps estimated in the

first step. We excluded the imputed SNPs with MAF < 0.01 or Rsq values < 0.5.

Statistical analysis. Associations of the SNPs with transformed values of the kidney function-related traits
were assessed by linear regression assuming additive effects of allele dosages using mach2qtl software®.
Because the study population consisted of the disease cases, the affection status of the diseases were

additionally included as the covariates in the association analysis, as previously described®*.

2. Singapore Prospective Study Program (SP2), Singapore Malay Eye Study (SIMES), and
Singapore Indian Eye Study (SINDI).

Subjects. SP2: The Singapore Prospective Study Program (SP2) includes 6,968 participants from one of four
the following previous cross-sectional studies: Thyroid and Heart Study 1982—19847, National Health Survey
1992%, National University of Singapore Heart Study 1993-1995° or National Health Survey 1998%. All
studies involved a random sample of individuals from the Singapore population, aged 24 to 95 years.
Disproportionate sampling stratified by ethnicity was implemented to increase the number of minority ethnic
groups (Malays and Asian Indians). Between 2003 to 2007, 10,747 participants were invited to participate by
linking their unique national identification numbers with national registries, where 7,742 attended the interview
and 5,157 of these attended the clinical examination*. A total of 5,499 Chinese, 1,405 Malays and 1,138
Asian-Indians were available at the time of the study and only the Chinese were used for this study.

SIMES: The Singapore Malay Eye Study (SIMES) is a population-based, cross-sectional study of Malay adults
aged 40 — 80 years living in Singapore. Of the 4,168 eligible participants invited, 3,280 participated in the
study yielding a response rate of 78.7%. Briefly, age-stratified random sampling of all Malay adults aged from
40-80 years residing in 15 residential districts in the southwestern part of Singapore was performed. Details
of the study participants and methods have been published previously™.

SINDI: The Singapore Indian Eye Study (SINDI) is a population-based, cross-sectional study of Asian Indian
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adults aged 40-80+ years residing in the South-Western part of Singapore, as part of the Singapore Indian
Chinese Cohort Eye Study. Age stratified random sampling was used to select 6,350 eligible participants, of
which 3,400 participated in the study (75.6% response rate). Detailed methodology has been published®.
SCES: The Singapore Chinese Eye Study (SCES) is a population-based, cross-sectional study of 3,300
Chinese adults aged = 40 years. The study was conducted in the southwestern part of Singapore, using the
same study protocol as the SIMES and SINDI. Using an age-stratified random sampling strategy, 6,350
names were selected. Overall, there was a participation rate of 73% among these selected Chinese who

were eligible.

Informed consent and ethics committees

Informed consent was obtained for all subjects in all our studies.

SP2 was approved by the Singapore Health Services Institutional Review Board (ref CIRB 2001/001/C).
Genetic analysis was approved under the National Health Care Group Domain Specific Review Board
(C/09/413).

SIMES was approved by Singapore Eye Research Institute Scientific & Ethics Committee (R341/34/2003).
Collection of blood and urine sample for blood chemistry, genetic association and renal function studies was
also approved by Singapore Eye Research Institute Scientific & Ethics Committee (R382/40/2004)

SINDI and SCES were approved by Singapore Health Services Institutional Review Board (ref CIRB
2006/612/A) under the study title of Singapore Eye Disease Study (SEDS) - The Indian / Chinese Cohort
(sicc).

Kidney function-related traits. SP2: Creatinine was measured from non-fasting venous samples using
enzymatic methods implemented in the Advia 2400 Chemistry System (Siemens Medical Solutions Diagnostics,
Deerfield, IL, USA) at the National University Hospital Referral Laboratory. The new National Institute of
Standards and Technology Standard Reference Material (NIST SRM) 967, Creatinine in Frozen Human Serum,
was developed in collaboration with the National Kidney Disease Education Program and the College of
American Pathologists for improved calibration of clinical instruments and procedures for measuring serum
creatinine.

SIMES: A 40-mL sample of non-fasting venous blood was collected to determine levels of serum lipids (total
cholesterol, HDL cholesterol, direct LDL cholesterol), glycosylated hemoglobin A;c (HbA;c), creatinine, and
casual glucose at the National University Hospital Reference Laboratory for measurement on the same day™.
Serum creatinine was measured using the same protocol as SP2 in the same laboratory.

SINDI and SCES: Non fasting venous blood sample was collected for biochemistry tests including serum lipids,
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HbA;¢, creatinine and random glucose. The creatinine analysis is performed on the DXC (Beckman Coulter),

using the Jaffe method.

Genotyping. SP2: 2,867 blood derived samples from the Chinese SP2 study were genotyped on a
combination of lllumina HumanHap 610Quad, 1Mduov3 and 550v3 Beadchips. The samples on the 610Quad
and 1M arrays were controls for a Type 2 Diabetes study and quality filters were implemented on a
case-control basis. Details of the quality controls have been described elsewhere®.
SIMES: For the Malay SIMES study, 3,072 samples were genotyped on the lllumina HumanHap 610Quad.
SINDI: For the SINDI study, 2,953 samples were genotyped on the lllumina HumanHap 610Quad.
SCES: 1,949 blood samples were genotyped on the Illumina HumanHap 610Quad.

For each array in each cohort, a first round of clustering was performed with the proprietary clustering files
from lllumina on the Beadstudio using GenCall. Samples achieving a 99% call rate were used to generate
local specific clusterfiles (GenTrain) which were used for a final round of genotype calling. A threshold of 0.15

was implemented on the GenCall score to decide on the confidence of the assigned genotypes.

Quality control. Similar quality control procedures were implemented on each cohort. SNP QC was first
performed to obtain a pseudo-cleaned set of genotypes for sample QC. SNPs that had missingness greater
than 5%, gross departure from HWE (P-value < 1.0 x 10'6) or minor allele frequency equal to zero were
temporarily removed from the data.

Using the pseudo-clean set of genotype, samples were then removed based on the following conditions and
in the following order: (i) sample missingness (samples will have a minimum call rate of 95%); (ii) excessive
heterozygosity; (iii) cryptic relatedness; (iv) discordant ethnic membership, using principal components
analysis® (PCA) with 4 panels from International HapMap Il and the Singapore Genome Variation Project®
which includes 96 Chinese, 89 Malays and 83 Asian Indians from Singapore; (v) gender discrepancy.

Finally, after removing the problematic samples and with the full set of SNPs on the genotyping array, SNP
QC is repeated, removing SNPs that had missingness greater than 5%, gross departure from HWE (P-value <
10™ for the Chinese and P-value < 10°® for the Malays and Indians) or minor allele frequency equal to zero
across the samples. After QC, there are 2,434 SP2, 2,542 SIMES, 2,538 SINDI, and 1,889 SCES samples

available with genotypes. The post-QC SNPs were used for imputation against reference panels and

association analysis.

Imputation. Imputation was performed using IMPUTEV0.5.0* (for SP2, SIMES and SINDI) and IMPUTEv2*
(for SCES). For SP2 Chinese, the reference panel is build 36, release 22 db126 JPT+CHB HapMap panel of

20



2,416,663 SNPs. For the SIMES Malays and SINDI Indians, a combined panel of the HapMap Phase I
panels (build 36, release 22 db126 CEU and JPT+CHB and YRI HapMap panel of 1969737 SNPs) was used

for the imputation.

Statistical analysis. SNPTESTv2.1.1 (SP2, SIMES and SINDI) and SNPTESTv2.2 (SCES) were used to
perform the association tests, using the —methods score option. The imputation_quality here is the score_info
generated by SNPTEST for the association tests. SNPs with imputation quality score less than 0.5 were

excluded from meta-analysis.

3. Korea Association Resource project (KARE).

Subjects. The Korea Association Resource (KARE) study was initiated in 2007 to undertake a large-scale
GWA analysis for Type 2 Diabetes and numerous complex quantitative traits amongst the 10,038 participants
(aged between 40 and 69) of the Ansung (n = 5,018) and Ansan (n = 5,020) population-based cohorts. Two
KARE study cohorts were established as part of the Korean Genome Epidemiology Study (KoGES) in 2001.
The sampling base for both cohorts is in KyungGi-Do province, close to Seoul, the capital of the Republic of
Korea. Atotal of 8,842 subjects (52.7% females; mean = SD age of 52.2 + 89) were available with the data of
blood urea nitrogen (BUN). Written informed consent for cohort examinations approved by Research Ethics

Committees was obtained from all cohort participants.

Kidney function-related traits. Both KARE cohorts were designed to allow longitudinal prospective study
and adopted the same investigational strategy. Participants have been examined every two years since
baseline (2001). More than 260 traits have been extensively examined through epidemiological surveys,

6,13,14

physical examinations, and laboratory tests applied to Ansung and Ansan cohort members Blood urea

nitrogen was measured using urease with coupled enzymes.

Genotyping and imputation. About 10,000 subjects from KARE study cohorts were genotyped with
Affymetrix Genome-Wide Human SNP array 5.0. We excluded samples with genotyping call rate < 0.98,
gender inconsistency, heterozygosity and first-degree cryptic relationships. After sample quality control, we
excluded SNPs with call rates lower than 0.95, minor allele frequency lower than 0.01 and Hardy-Weinberg
violation (HWE P-value < 1.0 x 10‘6). Genotype imputation was performed using IMPUTE program.
Genotype information for HapMap Asian (JPT + CHB) population was used as reference panel based on
release 22 / NCBI build 36 and dbSNP bulid 128 for SNP imputation. We excluded the imputed SNPs with

low genotype information content (< 0.5), posterior probability score < 0.90, call rate < 0.90, MAF < 0.01, and
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HWE P-value < 1.0 x 107" 8314,

Statistical analysis. The genetic associations of Kidney function-related traits were tested by linear
regression analysis with additive genetic mode using PLINK program. Association analyses for log;o(BUN)

was adjusted with age, gender, recruitment area and BMI.

4. Health Examinee shared control study (HEXA).

Subjects. The HEXA cohort is one of the KOGES population-based cohorts which were initiated in 2001 aiming
to identify risk factors of life-style related complex diseases such as type 2 diabetes, hypertension, and
dyslipidemia. Approximately 3,700 of 1,200,000 subjects aged 40-69 from the HEXA cohort were randomly
selected as a shared control group for the Korean cancer and coronary artery disease (CAD) GWA studies.
Genotyping was conducted with the Affymetrix Genome-Wide Human SNP array 6.0 in 2008. Written informed
consent for cohort examinations approved by Research Ethics Committees was obtained from all cohort

participants.

Kidney function-related traits. Kidney functions were measured from fasting subjects by clinical
examinations. Kidney function-related traits such blood urea nitrogen, serum creatinine, and uric acid were

assayed using the enzymatic reaction.

Genotyping and imputation. HEXA was conducted using Affymetrix Genome-Wide Human SNP array 6.0.
We included unrelated samples with missing genotyping call rate below 2% and excluded the samples with
gender inconsistency or heterozygosity. After sample quality control, we included SNPs with call rates lower
below 5%, minor allele frequency upper than 0.99 and Hardy-Weinberg (HWE P-value > 1.0 x 107°).
Genotype imputation was performed using IMPUTE program reference panel base HapMap Asian (JTP +
CHB) population on release 22 / NCBI build 36 and dbSNP bulid 128. We included the imputed SNPs with
high genotype information content (> 0.5), posterior probability score > 0.90, call rate > 0.90, MAF > 0.01, and

HWE P-value > 1.0 x 107" ™.
Statistical analysis. Measuring kidney functions, the value of genetic associations were tested by linear
regression analysis assuming additive effect using PLINK program. Age, gender, recruitment area and BMI

as additional covariates were included in the association analysis.

5. Taiwan Super Control Study (TWSC)" and Taiwan Type 2 Diabetes Consortium (TWT2D)*.
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Subjects. In this study, 986 control samples (49.8% females; mean + SD age of 50.7 £ 17.4) were randomly
selected from the Taiwan Han Chinese Cell and Genome Bank, a more than 3,300 healthy controls database,
which was recruited via stratified, 3-staged, probability clustering sampling scheme throughout the registry of
all the 329 non-aboriginal townships or city districts in Taiwan from 2002 to 2004°. The criteria for controls in
the association were (1) no past diagnostic history of T2D, (2) HbA¢ ranging from 3.4 to 6.0, and (3) BMI < 32.
The two control groups were comparable with respect to BMI, gender, age at study, and level of HbA;c. Atotal
of 987 unrelated individuals with T2D and age > 20 years (50.0% females; mean + SD age of 59.2 + 10.2) were
recruited from China Medical University Hospital (CMUH), Taichung. All of the T2D cases were diagnosed
according to medical records and fasting plasma glucose levels using American Diabetic Association Criteria.
Subjects with type 1 diabetes, gestational diabetes, and maturity-onset diabetes of the young (MODY) were
excluded from this study. All of the participating T2D cases and controls were of Han Chinese origin, which is
the origin of 98% of the Taiwan population’’. The study was approved by the institutional review board of all
the participating hospitals and Academia Sinica, Taiwan, and written informed consent were obtained from all

of the participants.

Kidney function-related traits. Phenotype questionnaire on ethnicity, disease history and medication, life
styles, and cognitive function of the elderly was administered by well-trained nurses in a door-to-door survey,
following a standardized protocol. Clinical measurements including basic blood chemistry, and

anthropometric parameters were obtained from Taiwan Han Chinese Cell and Genome Bank blood sample.

Genotyping and imputation. In GWAS, genotyping was conducted using the lllumina HumanHap550-Duo
BeadChip (lllumina, San Diego, CA, USA) and performed by deCODE genetics (Reykjavik, Iceland).
Genotype calling was determined by Beadstudio (lllumina) using default parameters. After filtering callrate <
0.95, MAF < 0.01, HWE-P < 1.0 x 10° SNPs, imputation was performed using IMPUTE v2 software to
generate imputed genotype data, HapMap Phase Il JPT_CHB_r24 nr.b36_fwd genotype data was used as

reference panel to IMPUTE.

Statistical analysis. Associations of the SNPs with transformed values of the kidney function-related traits
were assessed by linear regression assuming additive effects of allele dosages using SNPTEST v2 software.
Sex, age, smoking, and drinking status were included as covariates in the linear regression models. The

analyses for SC and T2D were performed separately due to the difference between the two samples.

6. The Genetic Epidemiology Network of Salt-Sensitivity (GenSalt) study
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Subjects. The GenSalt study is a unique NHLBI-sponsored family feeding-study designed to examine the
interaction between genes and dietary sodium and potassium intake on blood pressure (BP). A detailed
description of the GenSalt study design and participants has been reported previously'®. Briefly, 3,142
participants from 633 Han families from rural, north China were ascertained through a proband with untreated
systolic BP 130-160 mmHg or diastolic BP 85-100 mmHg from a population-based BP screening. A total of
1,906 GenSalt probands and their siblings, spouses, and offspring took part in the dietary intervention and
GWA study. Written informed consent for cohort examinations approved by Research Ethics Committees was

obtained from all the participants in the study.

Kidney function-related traits. Overnight fasting blood specimens were collected at baseline examination
for measurement of serum creatinine. Blood specimens were processed at each field center and shipped by
air to the central clinical laboratory at the at Fuwai Hospital of the Chinese Academy of Medical Sciences in
Beijing, where the specimens were stored at —=70°C until laboratory assays could be performed. Serum
creatinine was measured by the modified kinetic Jaffe reaction on a Hitachi 7060 Clinical Analyzer (Hitachi
High-Technologies Corporation, Tokyo, Japan) using commercial reagents. In addition, a random sample of
60 serum specimens was sent to the Cleveland Clinic Laboratory (Cleveland, OH, USA) for measurement of
serum creatinine where the Modification of Diet in Renal Disease (MDRD) Study measured serum creatinine
levels. On average, serum creatinine assays on the same samples were 0.0338 mg/dL higher in the
Cleveland Clinic Laboratory than in the InterASIA Study laboratory. Therefore, serum creatinine
measurements among study participants were calibrated by adding this difference to calculated estimated

glomerular filtration rate (eGFR) using the simplified MDRD equation®.

Genotyping and imputation. Lymphocytic DNA samples were obtained from GenSalt family members
(probands, parents, spouses, siblings, and offspring). Genome-wide SNPs were genotyped using Affymetrix®
Genome-Wide Human Array 6.0 at the Affymetrix genotyping facility. After removing sex-linked SNPs,
mitochondrial SNPs, and ‘unassigned’ SNPs that had no annotated chromosomal location, 871,166 SNPs were
chosen for examination. Strict procedures for extensive QC were used to check the data for any obvious
errors, remove uninformative data, and find and remove all Mendelian errors in three stages. In stage 1, we
removed subjects with gender discrepancies between reported sex and that estimated by PLINK* and those
who had potential pedigree errors, as determined by GRR (graphical representation of relationship errors)®.

In stage 2, we removed monomorphic SNPs, Affymetrix ‘housekeeping’ SNPs, SNPs with missing rates of >
0.25 or MAF of < 0.01. In the final stage, Mendelian errors were found and removed using PLINK*’ and

PedCheck®. After the QC process, 820,015 autosomal SNPs from 1,881 subjects remained. An additional
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1,792,556 SNPs were imputed from a HapMap reference panel using 90 subjects from the JPT and CHB
populations. The QC processes removed imputed SNPs with R?< 0.5, MAF < 0.01, Hardy-Weinberg P-value

< 1.0 x 10, Mendelian errors.

Statistical analysis. Analyses of the association between SNPs and serum creatinine or eGFR phenotypes
were conducted using a linear mixed-effects model implemented in the Proc Mixed procedure of SAS (version
9.1; SAS Institute, Cary, NC). A “sandwich” option was used to compute the estimated variance-covariance
matrix of the fixed-effects (genetic variant effects) parameters by using the asymptotically consistent estimator.
Because most of the studied families (random effects) only included sib pairs, we selected compound
symmetry as the covariance structure, which assumes the same degree of dependency among family

members. Additive genetic models were assumed.

7. Cardio-metabolic Genome Epidemiology (CAGE).
Subjects. The Cardio-metabolic Genome Epidemiology (CAGE) Network is an ongoing collaborative effort to
investigate genetic and environmental factors and their interactions affecting cardiometabolic traits/disorders

among Asians, including the Japanese®®?.

CAGE participants were recruited in a population-based or
hospital-based setting, depending on the design of the member studies. Participation rates varied among the
member studies (approximately from 25% in the community-based survey to 80% in the work place-based
survey). From this network sample, a total of 988 Japanese samples (576 men and 412 women; age range
36-85, median 64 years) were used for a GWAS of kidney function-related traits, such as serum creatinine level.
These participants were enrolled at two separate sites in Japan, the Tokyo and Osaka districts. In the CAGE

Network, all participants provided written informed consent and studies were approved by local Research

Ethics Committees and/or Institutional Review boards.

Kidney function-related traits. Serum creatinine was measured using a modified kinetic Jaffe reaction in all
member studies. eGFRcrea was calculated using the equation recommended by the Japanese Society of
Nephrology (http://www.jsn.or.jp/en/).  Clinical information for the participants in the CAGE Network is
collected from a self-reporting questionnaire (for birth year, smoking and drinking habits) and from medical (or
annual health check-up) records (for laboratory data including the kidney function-related traits) by the trained
personnel. Participants’ height and body weight were also measured by trained personnel using standard

anthropometric techniques.

Genotyping and imputation. Genotyping was performed with Infinium HumanHap550/Human610-Quad
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BeadArray (lllumina, San Diego, CA, USA), which interrogated 550K/610K SNPs, according to the
manufacturer’s protocol. This set of SNP markers reportedly captures 87% of common SNPs with an LD
coefficient of r* > 0.8 in the HapMap JPT and CHB populations (according to the manufacturer’s brochure).
Assay accuracy and reproducibility were measured by using DNA from CEU samples genotyped as part of the
HapMap project [http://www.hapmap.org]. Genotype calling was performed using BeadStudio software
(lumina) and genotype calls with a ‘GenCall’ Score < 0.53 were dropped from the analysis. The GenCall
Score measures the reliability of genotype calls based on the clustering of dye intensities
(Www.illumina.com/downloads/ GenCallTechSpotlight.pdf).

QC of SNPs and samples was performed as previously described”. Briefly, data cleaning and analysis
were performed using PLINK software (version 1.06)*". Among the assayed SNPs, we excluded SNPs for the
following: (i) genotype call rate < 0.95; (ii) significant (P < 1.0 x 10®) deviation from HWE; or (i) MAF < 0.01.
The remaining 451,377 SNPs were analyzed in the genome scan.

We used BEAGLE (ver 3.0.4)* for imputation. The training set comprised genotypes for HapMap
Asians (45 JPT + 45 CHB; Phase 2, Release 24). We imputed uncalled genotypes for assayed SNPs,

resulting in 100% genotypes called for all SNPs, whether assayed or not.

Statistical analysis. Association testing was done using PLINK (ver 1.06) and the R software (ver 2.12.2).
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