Supplementary Table 1. Descriptive characteristics of genome-wide association study cohorts (Stage 1) and follow-up study cohorts (Stage 2)

Overweight -
Study N Women Age(y)* BMI(kg/m?)* Height (cm)* Weight (kg)* (gfﬁzr:i;vfﬁmh% (251:;1[;12263;;' . (|3o|vt|)|ezs2 %
30 kg/m?) kg/m?)
Stage 1 - Genome-wide association study cohorts
Population-based cohorts
ColLaus 5,433 égz/f) 53.4(10.8) 25.9(4.6) 168.4(9.3) 73.6(152) 2567 (47%) 1988 (37%) 868 (16%)
SardiNIA 4,301 é‘él/f) 436 (17.6) 254 (4.7) 160.0(8.9) 65.0(13.3) 2185 (51%) 1424 (33%) 692 (16%)
EPIC-Obesity Study 2,415 (]553{3/:,‘) 59.2(9.0) 26.4(3.9) 167.0(8.8) 73.8(13.0) 920 (38%) 1115 (46%) 380 (16%)
NHS (Breast Cancer) 2,265 (125(?02) 54 (6.0) 25.1(4.4) 164.1(6.0) 67.7(12.6) 1334 (59%) 638 (28%) 293 (13%)
PLCO (Prostate Cancer) 2,235 (02/0 ) 642(51) 27.5(38) 1784(66) 87.3(133) 578 (26%) 1155 (52%) 502 (22%)
KORA 1,642 (51202) 52.5(10.0) 27.3(4.1) 167.3(8.9) 76.7 (13.5) 467 (28%) 819 (50%) 356 (22%)
WTCCC/UK Blood Services 1 1,437 (57;;)) 434 (124) 262(4.3) 171.2(95) 77.1(15.3) 623 (43%) 581 (40%) 233 (16%)
British 1958 Birth Cohort 1,479 (;)302) 445(0.25) 27.4(4.8) 169.3(9.6) 78.7 (16.5) 494 (33%) 617 (42%) 368 (25%)
Control series
DGI Controls 1,523 (572901)) 58.6(10.2) 26.7(3.8) 168.8(8.9) 76.2(12.9) 533 (35%) 736 (48%) 254 (17%)
FUSION Controls 1,291 (563:/1) 60.9 (11.2) 27.0(3.9) 167.4(9.3) 75.9(13.4) 430 (33%) 594 (46%) 267 (21%)
Case series
WTCCC/HT Cases (Hypertension) 1,895 (2;:):2/5) 56.7 (11.3) 27.5(3.8) 166.5(9.3) 76.5(13.4) 486 (26%) 927 (49%) 482 (25%)
WTCCC/CAD Cases (Coronory Artery Disease) 1,876 (23?;) ) B00(81) 276(42) 1709(89) 807(142) 492 (26%) 936 (50%) 448 (24%)
WTCCC/T2D Cases (Type 2 diabetes) 1,913 (520%) 58.5(10.1) 31.2(6.1) 169.6(9.7) 89.9 (18.9) 264 (14%) 647 (34%) 1002 (52%)
DGI Cases (Type 2 Diabetes) 1,588 (EZ(?"Z ) 644(103) 285(44) 167.6(92) 802(14.4) 329 (21%) 750 (47%) 509 (32%)
FUSION Cases (Type 2 Diabetes) 1,094 (f;,l ) B27(76) 302(47) 167.3(90) 846(147) 125 (11%) 440 (40%) 529 (48%)
Stage 2 - Follow-up study cohorts
Populations with direct genotyping data
EPIC-Norfolk 18,719 (2?1/3’) 58.8(9.3) 26.3(3.8) 167.4(9.2) 73.9(13.1) 7346 (39%) 8676 (46%) 2697 (14%)
FINRISK97 7,670 (?é%:;) 487 (13.3) 26.7(45) 168.8(9.3) 76.2(149) 2981 (39%) 3177 (41%) 1512 (20%)
METSIM 6,225 (O?A) 58.7 (6.4) 27.3(42) 1755(6.3) 84.1(13.9) 1899 (31%) 3016 (48%) 1310 (21%)
Botnia PPP Study 3,428 (1_222) 492 (16.0) 264 (44) 170.1(9.2) 76.5(14.8) 1412 (41%) 1423 (42%) 593 (17%)
FUSION stage 2 - Controls 1,266 (;‘99;)) 58.4(7.7) 26.9(3.9) 169.1(9.3) 76.9(13.4) 428 (34%) 601 (47%) 237 (19%)
FUSION stage 2 - Cases (Type 2 Diabetes) 1,204 (:1802) 59.4 (8.7) 30.9(54) 168.9(9.6) 88.1(17.6) 136 (11%) 450 (38%) 618 (51%)
Hertfordshire Study* 2,944 (E?/Z) 66.2(2.9) 27.4(44) 167.9(9.1) 77.2(14.2) 903 (31%) 1343 (45%) 698 (24%)
SardiNIA - Stage 2** 1,862 (252)1/5) 446 (17.1) 254 (46) 159.8(9.1) 64.9(13.2) 951 (51%) 635 (34%) 276 (15%)
MRC - Ely Study** 1,700 (59411;,0) 61.1(9.1) 27.2(4.8) 167.4(9.0) 76.4(15.1) 588 (35%) 736 (43%) 376 (22%)
Populations with in silico data (existing GWA scans)
Rotterdam Study 5,373 (22;%/:) 68.7(8.6) 26.3(3.7) 167.1(9.4) 735(11.9) 2068 (39%) 2528 (47%) 777 (15%)
Northern Finnish Birth Cohort of 1966 4,478 é%‘i/f’) 31(0.00 247(42) 1715(9.3) 72.8(14.9) 2669 (60%) 1396 (31%) 413 (9%)
TwinsUK 2,218 (%10/80) 46.7 (12.2) 251 (47) 162.4(6.1) 66.2(12.8) 1299 (59%) 632 (28%) 287 (13%)
INCHIANTI 1,139 (552;)) 67.5(15.2) 27.2(4.2) 160.1(9.9) 69.7 (12.9) 373 (33%) 497 (44%) 269 (24%)
Baltimore Longitudinal Study of Aging 856 (j’g;)) 67.9(16.8) 26.6(4.6) 169.4(9.6) 76.6(16.9) 364 (42.5%) 321 (37.5%) 171 (20%)

* Values represent: mean (SD)
** Genotype for SH2B1 SNPs only
# Birth cohort measures at age 31
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Supplementary Table 2. Number of individuals and sample quality control for Stage 1 and 2 genome-wide association study cohorts

Sample QC Samples in Measured/Self reported height

Study Total sample analyses and weight

Call rate* other exclusions

Stage 1 - Genome-wide association study cohorts

Population-based cohorts
CoLaus 5,633 >90% 1) gender discrepancy with genetic data from X-linked markers; 5,433 measured
2) inconsistent genotypes when compared with control markers;
3) duplicates and first and second degree relatives;
4) Missing body weight and height.

SardiNIA 6,148 >95% 1) Missing body weight and height; 4,301 measured
2) Not belonging to families where at least one member was
genotyped with the 500K Affymetrix chip.

EPIC-Obesity Study 2,566 294% 1) heterozygosity <23% or >30%; 2,415 measured
2) >5.0% discordance in SNP pairs with r2= 1 in HapMap;
3) ethnic outliers;
4) related individuals and duplicates;
5) Missing body weight and height.

NHS (Breast Cancer) 2,368 290% 1) Low genotyping completion (<90%); 2,265 self reported
2) Unclear identity and admixed origin;
3) Missing body weight and height.

PLCO (Prostate Cancer) 2,277 290% 1) BMI>4SD from mean; 2,235 self reported
2) gender discrepancy with X-linked markers;
3) related individuals and duplicates.

KORA 1,796 >93% 1) discrepancy for one of the 50 SNPs common to both chips; 1,642 measured
2) Missing body weight and height;
3) gender discrepancy with X-linked markers.

WTCCC/UK Blood Services 1 1,500 297% 1) heterozygosity <23% or >30%; 1,437 self reported
2) discrepancy with external identifying information;
3) ethnic outliers;
4) related individuals and duplicates;
5) Missing body weight and height.

British 1958 Birth Cohort 1,502 297% 1) contamination; 1,479 measured
2) non-European identity;
3) Missing body weight and height.

Control series
DGl Controls 1,595 >95% 1) Missing body weight and height. 1,523 measured

FUSION Controls 1,295 >97.5% 1) missing body weight and height; 1,291 measured
2) impaired glucose tolerance samples.

Case series
WTCCC/HT Cases (Hypertension) 2,000 297% 1) heterozygosity <23% or >30%; 1,895 measured
2) discrepancy with external identifying information;
3) ethnic outliers;
4) related individuals and duplicates
5) Missing body weight and height
WTCCC/CAD Cases (Coronory Artery 2,000 297% 1) heterozygosity <23% or >30%; 1,876 self reported
Disease) 2) discrepancy with external identifying information;

3) ethnic outliers;
4) related individuals and duplicates;
5) Missing body weight and height.
WTCCC/T2D Cases (Type 2 Diabetes) 1,999 297% 1) heterozygosity <23% or >30%; 1,913 measured
2) discrepancy with external identifying information;
3) ethnic outliers;
4) related individuals and duplicates;
5) Missing body weight and height.

DGl Cases (Type 2 Diabetes) 1,658 >95% 1) Missing body weight and height. 1,588 measured
FUSION Cases (Type 2 Diabetes) 1,162 >97.5% 1) missing body weight and height. 1,094 measured

Stage 2 - In silico follow-up study cohorts

Rotterdam Study 6,449 >97.5% 1) gender discrepancy with genetic data from X-linked markers; 5,373 measured
2) excess autosomal heterozygosity > 0.336 ~FDR<0.1%;
3) duplicates and/or 1st or 2nd degree relatives with IBS;
probabilities > 97%;
4) ethnic outliers;
5) missing height or weight data.

Northern Finnish Birth Cohort of 1966 5,408 295% 1) gender discrepancy with genetic data from X-linked markers; 4,478 measured
2) withdrawn consent;
3) duplicates and first and second degree relatives;
4) contaminated samples;
5) missing height and weight data.

TwinsUK 2,500 295% 1) heterozygosity <33% or >37%; 2,218 measured
2) ethnic outliers (using STRUCTURE);
3) Missing body weight and height.

INCHIANTI 1,231 >97% 1) gender discrepancy with genetic data from X-linked markers 1,139 measured
2) heterozygosity <30%;
3) Missing body weight or height.

Baltimore Longitudinal Study of Aging 1,230 298.5% 1) gender discrepancy with genetic data from X-linked markers; 856 measured
2) ethnic outliers & non-Caucasians (using STRUCTURE);
3) duplicates;
4) missing height or weight data.

* Sample genotyping success rate; i.e. percentage of successfully genotyped SNPs per sample Nature Genetics: doi:10. 1038/ng_287



Supplementary Table 3. Information on genotyping methods, quality control of SNPs, imputation, and statistical analysis for Stage 1 and 2 genome-wide association study cohorts

Genotyping Imputation Association analyses
. Inclusion criteria : Inclusion criteria SNPs in
Study Platform Gen;)ltyoprzietﬁillmg Call  pfor S'\(l)zsctrhif;rriga Tg;s?:;n Imputation meta- Acc ':22'%;?: Analyses model (all additive)
9 MAF _rate HWE MAF quality* analysis
Stage 1 - Genome-wide association study cohorts
Population-based cohorts
Colaus Affymetrix 500K Array Set BRLMM >0% 270% >107 390,631 IMPUTE 1%  proper-info = 0.40 | 2,399,824 1.013 SNPtest logse-transformed BMI, standardized by gender,
age-decades, ancestry (by PCA)
. Affymetrix 500K Array Set o o " o . residuals of BMI,regressed against age, agez,
SardiNiA & Affymelrix 10K Array Set BRLMM > 5% Z90% =210 356,359 MACH 1%  rhat=030 | 2248057 1.000 Mertin and gender
EPIC-Obesity Study Affymetrix 500K Array Set BRLMM 1% 290% >10° 397,438 IMPUTE 1%  proper-info 2 0.40 | 2,381,011 1.013 SNPtest '°g1°'t'a"5f°'m:: dBa"g'e’j::::;:'md by gender
. Standard lllumina o o o residuals of BMI regressed against age and
NHS (Breast Cancer) lllumina HumanHap550 BeadStudio (GenCall) 21% 290% - 510,073 MACH 21% r*-hat 2 0.30 2,457,986 1.000 MACH2QTL ancestery (by PCA)
lllumina HumanHap300 & Standard lllumina o o R o logyo-transformed BMI residuals regressed
PLCO (Prostate Cancer) llumina HumanHap240 BeadStudio (GenCall) 21% 204% 523,231 MACH 1% r*-hat 2 0.30 2,487,997 1.000 MACH2QTL against age, case-status, and center
KORA Affymetrix 500K Array Set BRLMM >5% - - 380,407 MACH >1% 2-hat 2 0.30 2,385,925 1.000 MACH2QTL residuals of log10-transformed BMI regressed
against age and gender
log4o-transformed BMI, standardized by gender,
WTCCC/UK Blood Services 1 Affymetrix 500K Array Set CHIAMO >5% 295% >10° 387,667 IMPUTE 21%  proper-info 2 0.40 2,383,762 1.008 SNPtest S0 ) = 2 Y9
adjusted for age, and age
British 1958 Birth Cohort Affymetrix 500K Array Set CHIAMO > 0% - - 490,032 IMPUTE 21%  proper-info 2 0.40 2,408,712 1.004 SNPtest logyo-transformed BMI, standardized by gender
Control series
residuals of population-corrected z-scores
DGI Controls Affymetrix 500K Array Set BRLMM >5% 295% >10° 347,010 MACH 21% r*-hat 2 0.30 2,375,087 1.000 Merlin standardized by age-decades and gender,
regressed against center
llumina Beadstudi inverse normally transformed residuals of BMI
FUSION Controls lllumina HumanHap300 cluste:ng m?ithe:UZIl:DNodata >1% 290% =10° 304,581 MACH 21% r*-hat 2 0.30 2,420,814 1.009 Merlin regressed against age, age?, gender, study group
and birth province
Case series
WTCCC/HT Cases (Hypertension) Affymetrix 500K Array Set CHIAMO >5% 295% >10° 387,667 IMPUTE ~ 21%  proper-info 20.40 | 2,383,933 1.024 SNPtest '°g‘°'"a"5f°rme: di’;{;ji:‘gs‘zed by gender,
WTCCCICAD Cases (Coronory Artery Affymetrix 500K Array Set CHIAMO >5% 295% >10° 387,667 IMPUTE ~ 21%  proper-info 2 0.40 | 2,383,876 1.007 SNPtest logyg-transformed BMI, standardized by gender,
Disease) adjusted for age
WTCCC/T2D Cases (Type 2 Diabetes) Affymetrix 500K Array Set CHIAMO >5% 295% >10° 387,667 IMPUTE 1% proper-info = 0.40 | 2,383,902 1.015 SNPtest '°9*°'"a"5f°rme: di":;:i’:gﬁ'md by gender,
residuals of population-corrected z-scores
DGI Cases (Type 2 Diabetes) Affymetrix 500K Array Set BRLMM >5% 295% >10° 347,010 MACH 21% r*-hat = 0.30 2,375,087 1.047 Merlin standardized by age-decades and gender,
regressed against center
llumina Beadstudio inverse normally transformed residuals of BMI
FUSION Cases (Type 2 Diabetes) lllumina HumanHap300 cluste:::ngl with FUSIlé)rll data 1% 290% = 10° 304,581 MACH 21% *-hat = 0.30 2,420,814 1.023 Merlin regressed against age, age”, gender, study group
and birth province
Stage 2 - In silico follow-up study cohorts
lllumina HumanHap 550 Standard lllumina SE0. > 089 4 210 R log-transformed BMI standardized residuals
Rotterdam Study V.3 BeadStudio 25% 298% >10 512,349 MACH 21% r*-hat 2 0.30 1.048 MACH2QTL adjusted for age, age?, stratified by gender
- . lllumina HumanCNV-370 Standard lllumina 4 . .
Northern Finnish Birth Cohort of 1966 DUO Analysis BeadChip BeadStudio 25% 295% >10 328,007 IMPUTE 21%  proper-info = 0.40 - 1.030 SNPtest logo-transformed BMI, standardized by gender
. lllumina HumanHap300 Standard lllumina o o 6 o . . .
TwinsUK Duo Infinium BeadStudio 25% 295% >10 307,040 IMPUTE 21%  proper-info 2 0.40 - 1.046 Merlin untransformed BMI, adjusted for age
lllumina HumanHap 550 Standard lllumina o o " o R . . Inverse normal BMI adjusted for age, age? and
INCHIANTI V.1 & V.3 BeadStudio >1% 299% >10 495,343 MACH 21% r*-hat 2 0.30 1.000 MerlinOffline gender
. i 2
Baltimore Longitudinal Study of Aging |limina HumanHap 550 V.3 Stagg:;"sm‘é’ig'”a >1% 299% >10* 514,027 MACH  21%  r*hat=0.30 - 1.030 MerlinOffine ~ 'Mverse normal BM'ga;’:]'fe‘fd for age, age” and

* SNPtest calculates the ‘proper_info’ statistic as a measure of the relative statistical information about the additive genetic effect being estimated. The proper_info statistic has a direct relationship to the power of the test and ranges from 0 to 1, with 1 indicating perfect information. MACH

calculates the ‘rsq_hat’, which is the r between each imputed genotype and its true underlying genotype. Rsq_hat ranges from 0 to 1, with 1 indicating perfect imputation.

Nature Genetics: doi:10.1038/ng.287



Supplementary Table 4. Stage 2 - SNPs taken forward in follow-up studies

Direct genotyping In silico
Distance
Lead SNP (bp) r* between i
Chr  Position  GenelLocus for follow- Proxy SNP  between  leadand  EPIC-Norfolk FINRISK97 ~ METSIM  PPP-Botnia F:li'oe'\'z' Hertfordshire sa’d'N'; -Stage  \irc.gly BLSA  INCHIANTI R";i':a'" TwinsUK  NFBC 1966 deCODE
up proxy and proxy 9 4
lead SNP
rs3101336/ -121822/ 1 . . . .
1 72585028 near NEGR1 rs2815752 152568958 47324 1 proxy 1 + proxy2 lead lead lead lead imputed imputed imputed imputed genotyped genotyped (proxy)
1 230427413  near SIPA1L2  rs10910555 rs10797582 4004 0.7 lead lead lead lead lead imputed imputed imputed imputed imputed genotyped (proxy)
2 624905 near TMEM18  rs6548238  rs2867125 -12078 0.85 lead lead + proxy lead + proxy lead + proxy lead + proxy imputed imputed imputed imputed imputed genotyped (proxy)
2 684759 near TMEM18  rs9678953  rs6548251 16862 0.95 proxy lead lead imputed imputed imputed imputed  imputed (proxy)
2 35257515 near CRIM1 rs968059 rs1439845 7414 0.97 lead lead lead lead lead genotyped  genotyped imputed genotyped genotyped genotyped
2 46019476 PRKCE rs10206343  rs2029087 4390 0.63 lead lead genotyped  genotyped imputed imputed imputed genotyped (proxy)
2 142759505 near LRP1B rs17835238 imputed imputed imputed imputed imputed
4 44184606 near KCTD8 rs752238 lead lead lead lead lead genotyped genotyped genotyped genotyped genotyped genotyped
4 44877284 near GNPDA2  rs10938397 lead lead lead lead lead imputed imputed imputed imputed imputed
4 183366671 near ODZ3 rs2597108  rs2726814 11427 0.74 proxy lead lead lead lead imputed imputed imputed imputed imputed
5 25486507 near CDH10 rs17465346 lead lead imputed imputed imputed imputed imputed
6 40182179 near MOCS1  rs12210863 rs10807218 -124615 0.86 lead lead imputed imputed imputed imputed imputed genotyped (proxy)
6 46429048 near DSCR1L1 rs1867015  rs6911147 -13461 0.92 proxy proxy genotyped genotyped genotyped genotyped genotyped genotyped
6 55038162 near FAM83B rs7746448 lead lead lead lead lead genotyped  genotyped genotyped genotyped genotyped genotyped
6 71308142 near Céorf57 rs9294876 lead lead lead lead genotyped genotyped genotyped genotyped genotyped genotyped
7 25348456 near NPVF rs16873846 lead lead imputed imputed imputed imputed imputed
7 130084134 near KLF14 rs11976955  rs7810507 3882 0.84 lead lead lead lead lead imputed imputed imputed imputed imputed genotyped (proxy)
rs9650286/ +55129/ 0.77 . . . . .
8 84787572 near LOC138046 rs11773921 154132243 +107185 077 lead proxy lead proxy imputed imputed imputed imputed imputed genotyped (proxy)
8 143821485 near SLURP1  rs3758082 lead genotyped genotyped genotyped genotyped genotyped
9 97437280 near PTCH1 rs4743120 lead lead lead imputed imputed imputed imputed imputed
rs4623795/ +5725/ 0.95 i i
10 7686190 near ITIH5 rs11255232 1s1537626 +6940 079 lead + proxy 1 lead lead lead lead genotyped genotyped  genotyped imputed imputed genotyped (proxy 2)
rs10840065/ 42554/ 1 . . . . .
1 8440665 near STK33 rs10769908 1$11041990 101526 097 lead lead proxy 2 lead proxy 2 imputed imputed imputed imputed imputed genotyped (proxy 1)
11 47619625 near MTCH2  rs10838738  rs4752856 -15007 1 lead lead lead lead genotyped genotyped g?g?;i‘;;ed genotyped genotyped genotyped
12 58213837  near SLC16A7  rs275982  rs2175950 7188 0.7 imputed  imputed imputed imputed ge(;:’éi’;)ed genotyped (proxy)
12 121199956 near MLXIP rs925460 lead lead lead lead genotyped  imputed genotyped genotyped genotyped genotyped
15 41621610 MAP1A rs2255042 rs2245715 -16266 1 lead proxy lead proxy genotyped genotyped genotyped imputed ge(;?(:)y(s)ed genotyped (proxy)
15 80139255 near RKHD3  rs12324805 lead lead genotyped genotyped genotyped genotyped genotyped genotyped
15 91375823 near RGMA rs7181095  rs8031888 1912 0.79 lead imputed imputed imputed imputed imputed genotyped (proxy)
15 96988019 near IGF1R rs8024593 lead lead lead lead imputed imputed imputed imputed imputed
rs8055982/  -2039/ 1 lead +
16 28790742 SH2B1 rs7498665 158061590 +11889 1 lead + proxy 1 proxy1+ lead + proxy 1 lead + proxy 1 lead + proxy 1 lead + proxy 1 lead + proxy 1 imputed  genotyped genotyped genotyped genotyped genotyped
proxy 2
16 28806294 ATP2A1 rs6565259*  rs9931989 7291 0.95 proxy proxy proxy genotyped genotyped genotyped  genotyped genotyped genotyped
rs1121980/ -11280/ 0.84
16 52378028 FTO rs9939609  rs8050136/ -4252/ 1 proxy 1 lead lead + proxy 2 lead lead + proxy 2 imputed imputed genotyped imputed imputed genotyped (proxy 2)
rs12149832 +22381 0.93
17 8845741 near NTN1 rs7219148 lead lead genotyped genotyped genotyped  genotyped genotyped genotyped
18 56002077 near MC4R rs17782313  rs4940927 -118408 0.73 lead lead lead lead imputed imputed imputed imputed imputed genotyped (proxy)
19 8922559 near MUC16 rs1423052 lead lead lead lead lead imputed imputed imputed imputed imputed
rs368794/ -1685/ 1 . . . . .
19 39013977 near KCTD15  rs11084753 1529941 12605 065 lead + proxy 1 lead imputed imputed imputed imputed imputed genotyped (proxy 2)
20 6569685 near BMP2 rs2145270 rs4813800 -26039 0.77 lead lead lead lead lead imputed imputed imputed imputed imputed genotyped (proxy)
20 13235505 near TASP1 rs1076052 lead lead lead genotyped genotyped genotyped genotyped genotyped genotyped
20 50485779 near ZFP64 rs6021931 lead genotyped genotyped genotyped genotyped genotyped
22 47209622  near FAM19A5  rs4823535 lead lead lead genotyped genotyped genotyped genotyped genotyped genotyped

*r° between rs6565259 & rs7498665: 0.69; position in Build 35
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Supplementary Table 5. All loci followed up

Best Ranking SNP Results

Lead SNP Results

Heterogeneity between

NGler\Zy Alleles Imputation quality Stage 1 Imputation quality Alleles Stage 1 samples Stage 1 Stage 2 Stage 1 + Stage 2 With deCODE deCODE
Position . Position  r’to . Frequency - between-  between-
SNP Chr (o) Effect Other r.sg-hat  Proper-info n p-value SNP Chr (kb) best r.sg-hat Proper-info Effect Other effect allele study gender n p-value n p-value n p-value n p-value SNP
(%) (p-value) _ (p-value)
FTO rs1421085 16 52358455 c T 0.947 1 32530 2.6E-19  rs9939609* 16 52378028 0.931 0.994 GT A T 41% 0.02 0.57 32468 6.3E-17 51055 3.29E-36 83523 4.31E-51 113343 4.88E-74 rs8050136
TMEM18  rs6548238 2 624905 C T 0.931 GT 32394 1.2E-06 rs6548238 2 624905 best 0.931 GT C T 84% 0.71 0.67 32394 1.2E-06 52567 1.58E-13 84961 1.35E-18 114781 3.17E-26 rs2867125
MC4R rs17700144 18 55962962 A G 0.918 0.956 32528 3.5E-07 rs17782313 18 56002077 0.843 0.962 GT C T 21% 0.20 0.49 32519 3.9E-07 48362 1.88E-12 80881 4.56E-18 110701 1.13E-20 rs4940927
GNPDA2  rs10938397 4 45023455 G A 0.822 0.839 32522 1.0E-05 rs10938397 4 45023455  best 0.822 0.839 G A 45% 0.76 0.63 32522 1.0E-05 49371 4.45E-12 81893 3.39E-16 ND ND ND
SH2B1 rs9931989 16 28813585 G C 0.771 0.708 32517 1.1E-06 rs7498665* 16 28790742 0.706 0.900 0.992 G A 41% 0.66 0.65 32502 5.4E-06 54316 1.69E-06 86818 5.06E-11 116638 2.23E-14 rs7498665
MTCH2 rs4752856 1 47604618 A G 1.004 GT 32450 2.7E-06 rs10838738 11 47619625 1 0.999 0.997 G A 34% 0.07 0.17 32528 7.1E-06 48530 9.55E-05 81058 4.55E-09 110878 1.90E-11 rs10838738
KCTD15  rs11084753 19 39015054 G A 0.755 0.722 32466 2.6E-07 rs11084753 19 39013977  best 0.755 0.722 G A 67% 0.39 0.83 32466 2.6E-07 39371 4.06E-03 71837 2.26E-08 101657 4.50E-12 rs29941
NEGR1 rs2815752 1 72524461 A G 0.93 0.911 32521 9.3E-06 rs2815752* 1 72524461  best 0.930 0.911 A G 62% 0.20 0.52 32521 9.3E-06 51112 6.82E-04 83633 5.96E-08 113453 1.02E-12 rs2568958
STK33 rs10769908 1 8440665 c T 0.983 GT 32428 1.2E-05 rs10769908 11 8440665 best 0.983 GT C T 53% 0.99 0.97 32428 1.2E-05 51622 6.96E-03 84050 1.34E-06 113870 2.94E-07 rs10840065
BMP2 rs2145270 20 6569685 T C 0.936 0.957 32508 3.5E-05 rs2145270 20 6569685 best 0.936 0.957 T Cc 65% 0.98 0.68 32508 3.5E-05 50579 1.31E-02 83087 6.02E-06 112907 4.17E-06 rs4813800
RKHD3 rs12324805 15 80139255 c A GT GT 32524 4.4E-06 rs12324805 15 80139255  best GT GT C A 31% 0.02 0.94 32524 4.4E-06 25820 1.09E-01 58344 6.95E-06 88164 1.74E-03 rs12324805
RGMA rs7181095 15 91375823 T Cc 0.695 0.56 32504 2.5E-07 rs7181095 15 91375823  best 0.695 0.559 T Cc 36% 0.36 0.53 32504 2.5E-07 31286 5.43E-01 63789 3.96E-05 93609 8.99E-03 rs8031888
DSCRI1L1  rs6911147 6 46415587 T Cc 0.78 0.872 32518 4.0E-05 rs1867015* 6 46429048  0.923 1.012 0.999 G T 61% 0.48 0.08 32523 29E-04 22179 6.58E-02 54702 7.26E-05 84522 1.17E-03 rs1867015
SLC16A7 rs275982 12 58213837 A Cc 0.968 GT 32504 2.8E-05 rs275982 12 58213837  best 0.968 GT A Cc 23%# 0.22 0.90 32504 2.8E-05 14747 4.76E-01 47251 1.09E-04 77071 1.13E-03 rs2175950
MLXIP rs925460 12 121158883 Cc T 0.658 0.793 32498 2.0E-05 rs925460 12 121158883 best 0.658 0.793 C T 78% 0.93 0.17 32498 2.0E-05 46481 1.46E-01 78979 1.17E-04 108799 7.63E-03 rs925460
KLF14 rs11976955 7 129890849 Cc G 0.877 0.904 32524 3.3E-05  rs11976955 7 129890849 best 0.877 0.904 C G 69% 0.36 0.45 32524 3.3E-05 50723 1.28E-01 83247 1.53E-04 113067 5.06E-04 rs7810507
CRIM1 rs1439845 2 35323076 G A 1.015 GT 32511 5.0E-06 rs968059 2 35315662 0.966 0.887 0.982 C A 63% 0.43 0.84 32506 7.3E-06 50555 2.36E-01 83061 1.92E-04 112881 1.40E-05 rs968059
0oDz3 rs2726814 4 183516253 T G 0.81 0.96 32529 5.3E-05 rs2597108* 4 183504826 0.737 0.758 0.900 A T 1% 0.08 0.70 32527 8.3E-05 50167 1.18E-01 82694 2.28E-04 ND ND ND
KCTD8 rs752238 4 44330777 G T GT GT 32462 6.7E-06 rs752238 4 44330777 1 GT GT G T 7% 0.85 0.74 32462 6.7E-06 50292 3.06E-01 82754 2.96E-04 112574 4.24E-04 rs752238
LOC138046 rs11773921 8 84787572 A T 0.894 0.928 32529 6.5E-06 rs11773921* 8 84787572  best 0.894 0.928 A T 14% 0.25 1.00 32529 6.5E-06 33011 6.07E-01 65540 3.98E-04 95360 1.40E-03 rs4132243
PTCH1 rs4743120 9 95477014 T C 0.979 0.995 32529 2.1E-05 rs4743120 9 95477014 best 0.979 0.995 T C 35% 0.46 0.90 32529 2.1E-05 38356 4.20E-01 70885 5.09E-04 ND ND ND
MAP1A rs2245715 15 41605344 G A GT GT 25128 1.5E-06 rs2255042* 15 41621610 1 0.960 0.999 C T 92% 0.43 0.49 32530 7.1E-05 33296 4.28E-01 65826 7.86E-04 95646 1.00E-03 rs2245715
C60fr143  rs6907460 6 54989006 A G 1.006 GT 25188 8.8E-06 rs7746448 6 55038162 1 1.011 0.997 C T 39% 0.06 0.55 32530 2.8E-04 50636 1.86E-01 83166 9.52E-04 112986 1.82E-02 rs7746448
NTN1 rs11078773 17 8845288 c T 0.832 GT 32398 1.0E-05 rs7219148 17 8845741 0.966 0.864 0.963 G T 51% 0.97 0.69 32512 24E-05 25820 8.26E-01 58332 9.71E-04 88152 1.52E-02 rs7219148
IGF1R rs8024593 15 96988019 G A 0.784 GT 32508 2.6E-05 rs8024593 15 96988019  best 0.784 GT G A 6% 0.13 0.50 32508 26E-05 31032 7.26E-01 63540 1.14E-03 ND ND ND
TASP1 rs636887 20 13235035 c T 0.968 0.996 32530 1.9E-05 rs1076052 20 13235505 1 GT GT T Cc 45% 0.56 0.84 32478 3.4E-05 39891 5.62E-01 72369 1.34E-03 102189 6.87E-04 rs1076052
MUC16 rs1423052 19 8922559 G Cc 0.996 0.974 32530 1.5E-05 rs1423052 19 8922559 best 0.996 0.974 G Cc 26% 0.44 0.55 32530 1.5E-05 50679 7.10E-01 83209 2.70E-03 ND ND ND
C6ofrf57 rs9455181 6 71359438 T C 0.794 0.794 32528 1.5E-05 rs9294876* 6 71308142  0.643 0.988 0.993 C T 23% 0.92 0.72 32530 1.4E-04 33203 7.20E-01 65733 3.31E-03 95553 2.58E-03 rs9294876
CDH10 rs17465346 5 25486507 T A 0.932 0.855 32529 3.0E-04 rs17465346 5 25486507  best 0.932 0.855 T A 95% 0.22 0.65 32529 3.0E-04 25825 9.87E-01 58354 6.77E-03 ND ND ND
C70fr9 rs16873846 7 25155171 T C 0.64 0.672 32528 1.9E-05 rs16873846 7 25155171  best 0.640 0.672 T Cc 95% 0.19 0.54 32528 1.9E-05 29586 3.96E-01 62114 1.20E-02 ND ND ND
PRKCE rs10206343 2 46077623 T C 0.659 0.776 32516 2.1E-05 rs10206343 2 46077623  best 0.659 0.776 T Cc 87% 0.10 0.12 32516 2.1E-05 21823 1.98E-01 54339 1.33E-02 84159 4.12E-02 rs2029087
SIPALIL2  rs10910555 1 228667525 T Cc 0.836 0.802 32514 1.7E-05  rs10910555 1 228667525 best 0.836 0.802 T Cc 65% 0.94 0.82 32514 1.7E-05 50260 7.43E-01 82774 1.46E-02 112594 1.21E-01 rs10797582
ITIHS rs4623795 10 7691915 G Cc 0.855 GT 32512 2.0E-05 rs11255232 10 7686190  0.953 0.842 0.977 A G 84% 0.20 0.82 32530 2.1E-05 50100 7.03E-01 82629 1.76E-02 112449 1.23E-01 rs1537626
MOCS1  rs12210863 6 40182179 G A 0.928 0.915 32530 5.3E-05  rs12210863 6 40182179 best 0.928 0.915 G A 86% 0.73 0.57 32530 5.3E-05 25646 1.73E-01 58175 3.41E-02 87995 1.71E-02 rs10807218
FAM19A5  rs4823535 22 47151477 G A 0.606 0.846 32526 7.0E-04 rs4823535 22 47151477  best 0.606 0.846 G A 69% 0.19 0.35 32526 7.0E-04 43246 2.75E-01 75772 1.63E-01 105592 1.64E-01 rs4823535
Best Ranking SNP results: results from SNPs that best associated with BMI
Lead SNP results: results from SNPs that were taken into follow-up analysis
Nearby Gene: gene nearest SNP used in analyses
Chr/Position: the chromosome and position (in Build 35) of SNP noted
Alleles: effect is the BMI increasing allele, other is the BMI decreasing allele
Imputation quality- imputation quality score for MACH (r.sq-hat) or IMPUTE (proper-info) (see for further details)

R2 to best: R2 of Lead SNP to best SNP

Frequency: Frequency effect allele- weighted frequency of the effect allele (and the proxy SNP for those loci where more than one SNP was typed) in genotyped population based cohorts (EPIC, FINRISK97, BPPP, MetSIM)
Heterogeneity: between samples reports a p-value from an 12 analysis of heterogeneity in the GIANT samples and between genders reports a p-value from a t-test of gender specific effect sizes and their standard errors

Stage 1 (data from Stage 1 GIANT meta-analysis)
Stage 2 (data from meta analysis of genotyped and in silico studies)
With deCODE (data from meta analysis of Stage1, 2 and Decode data)

* SNPs 9939609 [FTO r2=0.96 to rs1121980], rs2568958 [NEGR1 r2=1 to rs2815752], rs6911147[DSSCR1L1 r2=0.93 to rs1867015], rs9931989 [SH2B1 r2=0.71 to rs7498665], rs2245715[MAPA1 r2=1 to rs 2255042], rs2726814 [ODZ3 r2=.74 to rs2597108], rs9650286 [LOC 138046 r2=0.89 to rs11773921]
and rs9455181 [C60frf57 r2=0.64 to rs9294876] were used in some stage 2 samples (see Supplementary Table 4)

deCODE SNP: data from deCODE for listed SNP was used for meta analysis

ND: not determined due to unavailability of good lllumina proxy for SNP used in analysis
# frequency from genotyped proxy rs2175950 r2=0.71 in the Northern Finland Birth Cohort
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Supplementary Table 6. Association between replicated SNPs and BMI, weight, height and total body fat mass in childhood (age 11) in the ALSPAC study and association with risk of
extreme childhood obesity in the SCOOP-UK study.
Frequency

Total body fat mass

Nearby np hr Po_sition Alleles effect allele BMI* Weight* Height* (DEXA)* Risk of extreme childhood obesity**
gene (Build 35) Effect Other (AL(SU/SAC) n Beta SE p-value Beta SE p-value Beta SE p-value Beta SE p-value Ncontrols Ncases OR 95%CI p-value
FTO rs9939609 16 52378028 A T 40% 4888 0.125 0.020 6.3E-10 0.114 0020 1.9-08 0.039 0.021 0.06 0.134 0.021 7.9E-11 8227 926 1.67 1.511.85 1.4E-23
TMEM18 rs6548238 2 624905 C T 84% 4906  0.110 0.027 3.4E-05 0.092 0027 54E-04 0.018 0.027 0.51 0.094 0.027 5.1E-04 8284 1036 141 1.23 1.62 7.9E-07
MC4R rs17782313 18 56002077 C T 24% 5001 0.106 0.023 6.2E-06  0.078 0023 9.3E-04 -0.011 0.024 0.65 0.083 0.024 4.7E-04 8436 995 122 1.101.35 1.8E-04
GNPDA2 rs10938397 4 45023455 G A 43% 4896  0.048 0.020 0.02 0.043 0.020 0.04 0.013 0.021 0.54 0.053 0.021 0.01 8293 1016  1.20 1.09 1.31 1.5E-04
SH2B1 rs7498665 16 28790742 G A 41% 4905 0.029 0.020 0.15 0.025 o0.020 0.22 0.005 0.021 0.82 0.024 0.021 0.24 8277 1009 1.00 0.911.10 0.97
MTCH2 rs10838738 11 47619625 G A 34% 4917  0.028 0.021 0.19 0.007 o0.021 0.74 -0.031 0.021 0.14 0.019 0.022 0.37 8295 1033 1.06 0.97 1.17 0.21
KCTD15 rs368794% 19 39012292 T A 68% 4838 0.072 0.022 9.7E-04 0.069 0022 1.7E-03 0.032 0.022 0.15 0.067 0.022 2.4E-03 8156 1000 0.96 0.87 1.06 0.39
NEGR1 rs2568958% 1 72477137 A G 60% 4948  0.010 0.020 0.63 0.018 0.020 0.38 0.023 0.020 0.27 0.025 0.021 0.23 8369 1038 1.29 1.17 1.42 2.2E-07

* gender specific z-score of log10-transformed traits

** Compares children of the UK-SCOOP study (extreme childhood obesity cases) vs all ALSPAC children (controls)

# SNP rs2568958 [NEGR1 r2=1 to rs2815752] and rs368794 [KCTD15 r2=1 with rs11084753 was used in ALSPAC and SCOOP-UK

The results on rs9939609 were previously reported in Frayling et al (Science 2007) and Wardle et al (JCEM 2008). The results on rs17782313 were previously reported in Loos et al (Nature Genetics 2008)
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Supplementary Table 7. Effects of reproducing loci by sample and genotype platform

rs9939609 (A/T) rs6548238 (CIT) rs17782313 (C/T) rs10938397 (G/A)
Stage 1 sample Genotyping Platform N p-value Effect StdErr| N p-value Effect StdErr] N p-value Effect StdErr] N p-value Effect StdErr
Colaus Affymetrix 500K Array Set 5435 0.0013 0.31 0.09 | 5435 0.0027 0.37 0.12 | 5435 0.016 0.19 0.10 | 5435 0.038 0.21 0.10
Affymetrix 500K Array Set &
SardiNIA Affymetrix 10K Array Set 4301 6.0E-08 0.65 0.12 | 4301 0.019 0.34 0.16 | 4301 0.065 0.29 0.18 | 4301 0.15 0.16 0.13
EPIC-Obesity Affymetrix 500K Array Set 2357 0.0030 0.36 0.12 | 2294 0.19 0.20 0.15 | 2413 0.029 0.28 0.13 | 2417 0.0034 0.33 0.12
NHS lllumina HumanHap550 2265 0.0099 0.31 0.13 | 2265 0.55 0.00 0.18 | 2265 0.24 0.21 0.15 | 2265 0.052 0.25 0.13
lllumina HumanHap300 &
PLCO lllumina HumanHap240 2235 1.2E-04 044 0.11 | 2235 0.25 0.17 0.16 | 2235 0.10 0.25 0.13 | 2235 0.26 0.14 0.1
KORA Affymetrix 500K Array Set 1642  0.060 0.24 0.15 | 1633 0.24 0.24 0.19 | 1642 0.031 040 0.16 | 1642 0.69 -0.04 0.16

WTCCC UK Blood ServicegAffymetrix 500K Array Set 1458 0.14 0.25 0.16 | 1457 0.47 0.23 0.22 | 1457 0.072 0.34 0.18 | 1456 0.48 0.15 0.17
British 1958 Birth Cohort |Affymetrix 500K Array Set 1479 0.28 025 0.18 | 1479 0.16 0.38 0.23 | 1479  0.030 047 0.21 | 1479 0.64 -0.07  0.19

DGI Controls Affymetrix 500K Array Set 1523 0.62 0.06 0.15 | 1523  0.051 044 0.20 | 1523 0.13 022 0.18 | 1523 0.73 0.08 0.17
FUSION Controls lllumina HumanHap300 1291 0.13 022 0.16 | 1291 0.0052 0.62 0.23 | 1291 0.91 -0.13  0.20 | 1291 0.70 -0.07 017
WTCCC HT Affymetrix 500K Array Set 1952 0.93 -0.01  0.13 | 1951 0.76 0.03 0.16 | 1950 0.0034 0.41 0.15 | 1950 0.13 022 0.14
WTCCC CAD Affymetrix 500K Array Set 1925 0.62 0.06 0.14 | 1925 0.77 0.07 0.19 | 1922 0.91 0.03 0.16 | 1924  0.016 0.33 0.15
WTCCC T2D Affymetrix 500K Array Set 1924 3.6E-05 0.84 0.20 | 1924 0.36 023 0.26 | 1924 0.70 0.12 0.22 | 1922 0.25 0.24 0.20
DGI T2D Cases Affymetrix 500K Array Set 1588  0.053 0.27 0.17 | 1588 0.58 0.28 0.23 | 1588 0.69 -0.28 0.21 | 1588 0.38 0.19 0.19
FUSION T2D Cases lllumina HumanHap300 1094 0.57 0.07 0.20 | 1094 0.91 0.09 0.31 | 1094 0.82 -0.07 0.27 | 1094 0.13 0.36 0.22
Affymetrix 500K Array Set 25584 3.7E-13 0.29 0.04 (25509 1.0E-05 0.26 0.05 25634 4.3E-07 0.23 0.05 | 25637 8.0E-05 0.19 0.04

lllumina HumanHap 6885 8.1E-06 0.31 0.07 | 6885 0.027 0.19 0.10 | 6885 0.15 0.14 0.09 | 6885 0.031 0.16  0.07

Stage 1 32469 6.3E-17 0.29 0.04 [32394 1.2E-06 0.24 0.05 [32519 3.9E-07 0.21 0.04 | 32522 1.0E-05 0.18 0.04

SNPs are listed in the header row with the effect allele first, and the non-effect allele second.
Sample sizes and p-values are from the cohort-specific analyses that were used in the original stage 1 GWAS.
The direction of the effect is relative to the effect allele.

The effect sizes listed are from the uniform inverse normal transformed method, and were scaled into BMI units (kg/r’r12) by multiplying by the cohort-specific standard deviation in BMI




Supplementary Table 7 (cont.). Effects of reproducing loci by sample and genotype platform

rS7498665 (G/A)

1510838738 (G/A)

1511084753 (GIA)

152815752 (AIG)

Stage 1 sample Genotyping Platform N p-value Effect StdErr| N p-value Effect StdErr| N p-value Effect StdErr] N p-value Effect StdErr

Colaus Affymetrix 500K Array Set 5435 1.10E-04 0.35 0.09 | 5435 0.096 0.14 0.09 | 5435 0.33 0.12 0.10 | 5435 0.94 -0.03 0.09
Affymetrix 500K Array Set &
SardiNIA Affymetrix 10K Array Set 4301 0.16 0.16  0.13 | 4301 0.075 0.16  0.14 | 4301 0.061 0.23 0.12 | 4301 1.6E-04 059 0.14
EPIC-Obesity Affymetrix 500K Array Set 2417  0.076 0.19 0.11 | 2417 0.97 0.02 0.12 | 2417 0.00059 0.48 0.14 | 2417 0.55 0.06 0.12
NHS lllumina HumanHap550 2265 0.73 -0.04 0.13 | 2265 0.0066 0.39 0.14 | 2265 0.078 0.25 0.14 | 2265 0.11 0.19 0.14
lllumina HumanHap300 &

PLCO lllumina HumanHap240 2207  0.092 0.20 0.11 | 2233  0.023 0.30 0.12 | 2181 0.0076 0.28 0.12 | 2235 0.95 0.00 0.12
KORA Affymetrix 500K Array Set 1642 0.59 0.08 0.16 | 1642 0.66 -0.12 0.16 | 1642 0.22 0.21 0.18 | 1642 0.80 0.01 0.16
WTCCC UK Blood ServiceqAffymetrix 500K Array Set 1458 0.53 0.11 0.16 | 1458 0.63 -0.10 0.17 | 1456  0.047 0.37 0.19 | 1456 0.54 0.11  0.17
British 1958 Birth Cohort |Affymetrix 500K Array Set 1479 0.63 0.11  0.17 | 1479 0.29 -0.18 0.18 | 1479 0.86 0.01  0.21 | 1479 0.65 0.09 0.18
DGl Controls Affymetrix 500K Array Set 1523  0.058 0.14 0.17 | 1523 0.0095 0.28 0.15 | 1523 0.31 0.19 0.19 | 1523 0.42 0.07 0.16
FUSION Controls lllumina HumanHap300 1291 0.13 024 0.15 | 1291 0.79 -0.02 0.16 | 1291 0.82 0.01  0.17 | 1291 0.30 0.11 0.16
WTCCC HT Affymetrix 500K Array Set 1952 0.46 -0.06 0.13 | 1952  0.023 0.29 0.13 | 1949 0.17 0.20 0.15 | 1950 0.044 0.26 0.13
WTCCC CAD Affymetrix 500K Array Set 1926 0.11 0.24 0.14 | 1926 0.32 0.13 0.14 | 1923 0.66 -0.08 0.17 | 1924  0.024 0.34 0.15
WTCCC T2D Affymetrix 500K Array Set 1924 0.46 0.17 0.20 | 1924 0.0011 0.62 0.20 | 1922 0.012 0.62 0.24 | 1922 0.034 0.40 0.20
DGI T2D Cases Affymetrix 500K Array Set 1588  0.066 0.32 0.18 | 1588 0.52 0.09 0.18 | 1588 0.28 0.13 0.21 | 1588 0.11 0.25 0.18
FUSION T2D Cases lllumina HumanHap300 1094 0.96 0.04 0.20 | 1094 0.17 0.21 0.20 | 1094 0.071 046 0.22 | 1094 0.43 0.18 0.21
Affymetrix 500K Array Set 25645 7.70E-06 0.18 0.04 25645 5.00E-04 0.12 0.04 (25635 1.60E-05 0.21 0.05 | 25636 2.60E-05 0.17 0.04
lllumina HumanHap 6857 0.16 0.12 0.07 | 6883 0.0013 0.25 0.07 | 6831 0.002 0.24 0.08 | 6885 0.094 0.10 0.07
Stage 1 32502 5.40E-06 0.17 0.04 (32528 7.1E-06 0.15 0.04 (32466 2.6E-07 0.22 0.04 | 32521 9.3E-06 0.15 0.04




Supplementary Table 8. Association of replicated SNPs with other traits

Toronary ATtery

Risk of overweight Risk of obesity LDL-cholesterol HDL- Triglycerides Type 2 diabetes Disease
Alleles Height Weight % Body fat Ncases = 19,686 vs. Ncases = 5,261 VS. Neonirols 1=8.589 cholesterol g—yg 684 ncases =4,549 vs. ncases = 1,926
SNP Nearby Neontrols = 14,106 =14,106 - n=8,656 - ncontrols =5,579  vs. ncontrols =
Gene 10,377
Effect Other n dir p-value n dir p-value n dir p-value OR (95%CI) p-value OR (95%Cl) p-value dir p-value dir  p-value dir p-value dir p-value dir p-value
rs9939609* FTO A T 36325 - 0.84 36325 + 9.31E-23 17984 + 1.49E-06 1.14 7.0E-15 125 5.5E-20 - 043 + 0.12 - 0.45 + 6.8E-07 + 0.47
: ) . [1.10-1.18] . [1.19-1.31] ) ) ) ) . )
1.13 1.19
rs6548238  TMEM18 [} T 37961 + 0.81 37962 + 1.82E-11 18279 + 0.0027 [1.08-1.18] 1.2E-08 [1.11-1.26] 1.4E-07 + 0.85 + 0.80 - 0.51 + 7.6E-04 + 0.27
1.07 1.15
rs17782313 MC4R C T 33734 + 4.0E-04 33735 + 2.72E-10 15974 + 0.16 [1.03-1.11] 0.0014 [1.08-1.21] 4.0E-06 + 0.24 - 0.85 + 0.57 + 0.23 + 0.19
rs10938397  GNPDA2 G A 35523 - 0.11 35523 + 8.66E-08 16515 + 2.33E-05 108 4.4E-06 112 3.9E-06 + 0.65 + 0.02 + 0.70 + 6.6E-05 + 0.27
[1.05-1.12] [1.07-1.17]
. 1.07 1.11
rs7498665 SH2B1 G A 33130 - 0.44 33131 + 7.75E-06 15207 + 0.012 [1.03-1.11] 1.1E-04 [1.06-1.47] 2.2E-05 + 0.056 + 0.07 + 0.80 + 0.35 - 0.22
rs10838738 MTCH2 G A 33786 - 0.04 33786 + 0.27 16632 + 0.069 1.03 0.071 103 0.24 + 0.23 + 0.14 - 0.18 - 0.88 - 0.03
. ) . [1.00 - 1.07] . 0.98 - 1.08] ) ) ) ) ) .
1.03 1.04
rs11084753  KCTD15 G A 25141 - 0.11 25140 + 0.37 9696 + 0.76 [0.99-1.07] 0.13 [0.98-1.10] 0.16 + 0.73 + 0.61 - 0.21 - 0.64 - 0.10
. 1.04 1.05
rs2815752 NEGR1 A G 36519 + 0.87 36520 + 9.96E-04 17141 + 0.0072 [1.01-1.08] 0.020 [1.01-1.11] 0.026 + 0.24 + 0.08 - 0.22 - 0.50 + 0.25

SNP: rs-number of single nuclear polymorphism (SNP) used in analyses

Nearby Gene: gene nearest SNP used in analyses

Alleles: effect is the BMI increasing allele

% fat mass- percent fat mass: number of individuals asesses (n) direction of effect for the effect allele (dir) and p-value of association (p-value) for the traits listed in genotyped Stage 2 samples: shaded boxes have a significant p-value of <0.005
Risk of overweight/obesity compared to normal weight where normal weight= BMI < 25 kg.m-2, overweight= BMI> 25 kg.m-2, obese= BMI > 30 kg.m-2 in population based genotyped Stage 2 samples (FINRISK97, BPPP, METSIM, EPIC)
p-value of association and direction (dir) of effect of effect for low density lipoprotein (LDL) cholesterol, High density lipoprotein (HDL) cholesterol, Triglycerdes, Type 2 Diabetes, and Coronary Artery Disease

*rs9939609 [FTO r2=0.96 to rs1121980], rs2568958 [NEGR1 r2=1 to rs2815752] and rs9931989 [SH2B1 r2=0.68 with rs7498665] were used in some stage 2 samples
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Supplementary Table 9. Correlation between replicated BMI variants and expression of nearby genes in brain and lymphocytes

Position Lead SNP Distance (bp) r* between — . asspo\cliae:tl:znfovrvilh P Valwuiet}:(;;aasssol\?;’auon
Chr (Build 35) Gene/Locus  for follow- | Proxy SNP  between proxy lead and |Symbol Description Probe ID (Brain) proxy SNP (Brain, Probes tested (Lymphocytes) (Lymphocytes, additive
up and lead SNP proxy additive model) model)
1 72585028 near NEGR1 rs2815752 | rs10789340 67266 0.79 NEGR1 Neuronal growth regulator 1, mRNA GI_27754173 0.81 Average of 1553194 _at, 1563316_at, 0.82
229461_x_at, 239548_at, 243357_at
2 624905 near TMEM18  rs6548238 | rs6548238 | TMEM18  Transmembrane protein 18, mMRNA GI_40548390 0.09 Average of 225487 _at, 225489_at 0.56
SH3YL1 SH3 domain containing, Ysc84-like 1 (S. cerevisiae), mMRNA GI|_7661669 0.36 Average of 1554198 _at, 0.04
204019_s_at, 244277_at
ACP1 Acid phosphatase 1, soluble, transcript variant 2, mMRNA GI_30090001 0.08 Average of 1554808 _at, 0.17
201629_s_at, 201630_s_at,
215227_x_at
LOC285016 Hypothetical protein LOC285016, mMRNA GI_37547147 0.40 238018_at 0.50
SNTG2 Syntrophin, gamma 2, mRNA GI_9507164 0.29 Average of 1570422_at, 220487 _at, 0.26
234823_at
4 44877284  near GNPDA2 rs10938397 | rs348495 +1915 0.562 GNPDA2  Glucosamine-6-phosphate deaminase 2, mRNA GI_19923880 0.51 Average of 227022_at, 230149_at 0.81
GUF1 GTPase homolog, mRNA GI_11345459 0.11 n/a
KCTD8 Potassium channel tetramerisation domain containing 8, mRNA GI_38198662 0.98 n/a
GABRG1  Gamma-aminobutyric acid (GABA) A receptor, gamma 1, mMRNA GI_31742489 0.86 Average of 1552943_at, 241805_at 0.52
GABRA2  Gamma-aminobutyric acid (GABA) A receptor, alpha 2, mMRNA. GI_4557600 0.74 Average of 1554308_s_at, 0.95
207014_at
GABRB1  Gamma-aminobutyric acid (GABA) A receptor, beta 1, mMRNA GI_12548775 0.34 Average of 207010_at, 234204_at, 0.60
234629_at
COX7B2  Cytochrome c oxidase subunit VIIb2, mRNA n/a 231265_at 0.01
GABRA4  Gamma-aminobutyric acid A receptor, alpha 4, mMRNA n/a Average of 208463 _at, 233437 _at 0.36
11 47619625 near MTCH2  rs10838738 | rs17788930 +89726 1 SPI1 Spleen focus forming virus proviral integration oncogene spi1, mRNA GI_4507174 0.33 205312_at 0.32
SLC39A13 Solute carrier family 39 (zinc transporter), member 13, mMRNA GI_40255100 0.87 Average of 1552295_a_at, 0.65
225277_at
PSMC3 Proteasome (prosome, macropain) 26S subunit, ATPase, 3, nRNA Gl_24430153 0.0041 201267_s_at 0.02
CUGBP1  CUG triplet repeat, RNA binding protein 1, transcript variant 1, mMRNA GI_38570082 0.03 Average of 1555467_a_at, 0.18
204113_at, 209489_at, 221742_at,
221743 _at, 235297_at, 235865_at
KBTBD4 Kelch repeat and BTB (POZ) domain containing 4, transcript variant 1 GI_32189315 0.02 Average of 218569_s_at, 218570_at, 0.27
223765_s_at
NDUFS3  NADH dehydrogenase (ubiquinone) Fe-S protein 3, 30kDa (NADH-coenzyme Q reductase), |GIl_4758787 0.28 201740_at 0.000081
C1QTNF4 C1q and tumor necrosis factor related protein 4, mRNA GI_13994272 0.31 223708_at 0.12
MTCH2 mitochondrial carrier homolog 2 (C. elegans), nuclear gene encoding mitochondrial protein, |GI_40254847 0.000013 Average of 217772_s_at, 222403_at, 0.11
mRNA 242645_at
FNBP4 formin binding protein 4, mMRNA GI_24308032 0.59 Average of 212232_at, 229272 _at, 0.02
235101_at, 239469_at, 242472_x_at
RAPSN 43 kD receptor-associated protein of the synapse, mMRNA n/a 211570_s_at 0.19
16 28790742 SH2B1 rs7498665 | rs8062405 -45335 1 CLN3 ceroid-lipofuscinosis, neuronal 3, juvenile (Batten, Spielmeyer-Vogt disease), mMRNA GI_4502888 0.08 Average of 209275_s_at, 0.07
210859_x_at
SULT1A2  sulfotransferase family, cytosolic, 1A, phenol-preferring, member 2, transcript variant 1, Gl_29550878 0.36 Average of 207122_x_at, 0.26
mRNA 211385_x_at
SULT1A1  sulfotransferase family, cytosolic, 1A, phenol-preferring, member 1, transcript variant 1, GI_29540530 0.14 Average of 203615_x_at, 0.37
mRNA 215299_x_at, 238995_at
EIF3S8 eukaryotic translation initiation factor 3, subunit 8, 110kDa, mRNA GI_5579457 0.0000021 Average of 200647_x_at, 0.0000006
210949_s_at, 215230_x_at,
236700_at
TUFM Tu translation elongation factor, mitochondrial (TUFM), mRNA GI_34147629 0.02 Average of 201113_at, 238190_at 0.000022
SH2B SH2-B homolog, mRNA GI_24308080 0.45 Average of 209322_s_at, 40149 _at 0.26
LAT linker for activation of T cells, mMRNA GI_24475949 0.01 Average of 209881_s_at, 211005_at 0.41
APOB48R  apolipoprotein B48 receptor, mMRNA n/a 220023_at 0.93
ATP2A1 ATPase, Ca++ transporting, fast twitch 1 isoform, mRNA n/a Average of 205444 _at, 230693 _at, 0.79
CD19 CD19 antigen, mRNA n/a 206398_s_at 0.09
IL27 interleukin 27, mRNA n/a 1552995_at 0.37
16 52378028 FTO rs9939609 | rs9939609 FTO Fat mass and obesity related, mMRNA GI_37541493 0.89 Average of 209702_at, 215385_at 0.98
KIAA1005 LOC23322, mRNA n/a 213959 _s_at 0.27
18 56002077 near MC4R rs17782313 | rs17782313 MC4R melanocortin 4 receptor, mMRNA Gl_5174532 0.28 221467 _at 0.86
PMAIP1 phorbol-12-myristate-13-acetate-induced protein 1, mRNA GI_10863922 0.08 Average of 204285_s_at, 0.58
204286_s_at
19 39013977  near KCTD15 rs11084753 | rs11084753 KCTD15  potassium channel tetramerisation domain containing 15, mRNA GI_13129063 n/a Average of 218553_s_at, 222664_at, 0.12
222668 _at, 228683_s_at,
229683_s_at
CHST8 carbohydrate (N-acetylgalactosamine 4-0) sulfotransferase 8 Gl 21361615 n/a 221065 s at 0.76
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Supplementary Figure 1. Study design. Meta analysis of genome-wide association data was
performed in stage 1 across the cohorts shown. SNPs representing the best associating loci

were examined in follow up samples (stage 2) where they were genotyped (2a) or tested for

replication in-silico (2b).
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Supplementary Figure 2. Comparison of p-values obtained from study-specific and uniform
meta-analysis strategies. Plot of —log;o p-value calculated in meta-analysis based on the study-
specific z-score and on meta-analysis using inverse variance weighted combination of effect
sizes. Blue line has slope of 1. SNPs where association was confirmed in this manuscript,

including those near FTO and MC4R, are shown in red.
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Supplementary Figure 3. Expression of genes nearest the most strongly associated validated
SNPs in human tissues. Shown are the levels of expression for FTO, MC4R, TMEM18, GNPDA2,
MTCH2, KCTD15, NEGR1, and SH2B1 (A-H) in the tissues normalized with respect to EEF2 levels.

Abbreviations: SM- skeletal muscle.
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Supplementary Figure 4. Receiver operating characteristics (ROC) curve for the EPIC-Norfolk
cohort. The eight confirmed BMI increasing variants (in or near TMEM18, KCTD15, SH2B1,
MTCH2, NEGR1, GNPDA2, FTO and MC4R) were genotyped in the EPIC-Norfolk cohort (14,409
individuals with complete genotype data). Although a prediction model incorporating genotypes
at these variants is significantly better than the null model (p=2.32 x 10™*?) the area under the
curve (AUC) of 0.548 indicates that BMI-associated variants as yet have limited predictive value.

The null model is represented by the diagonal line and has an AUC of 0.5.
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Supplementary Figure 5. Regional plots of replicating loci of association in Stage 1 cohorts
around FTO, TMEM18, MC4R, GNPDA2, SH2B1, MTCH2, KCTD15, and NEGR1 (A-H). SNPs are
plotted by position on chromosome against association with BMI (—logyo p-value). The figures
highlight the most significant SNP after Stage 1 meta-analysis (in purple) and the SNP selected
for follow-up (diamond) in Stage 2 analyses, labeled with its combined p-value (Stage 1 + Stage
2). In most cases, the SNP followed-up is the most significant SNP in the region (therefore, a
purple diamond). Otherwise, the LD between the followed-up SNP and the most significant SNP
in the region is indicated by the color of the diamond. Estimated recombination rates (from
HapMap) are plotted in cyan to reflect the local LD structure. The SNPs surrounding the most
significant SNP (purple diamond) are color-coded to reflect their LD with this SNP as in the inset
(taken from pairwise r* values from the HapMap CEU database, www.hapmap.org). Genes and
the position of exons, as well as the direction of transcription, are noted below the plots (data
from UCSC genome browser, genome.ucsc.edu) with a grey area marking the extent of the
region that includes any SNP with r* > 0.3 relative to the most significant SNP (shown in purple).
Hashmarks represent SNP positions on each genotyping array used by any individual study and
also show SNP positions after imputation. In Part G, rs11084753 was selected as the reference
SNP for the KCTD15 region and shows essentially identical results to rs415237. The two SNPs

are virtually superimposed on the association plot.
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1. STAGE 1 - GENOME-WIDE ASSOCIATION META-ANALYSIS

Stage 1 of our study comprises a genome-wide screen for association between
SNPs and BMI (Body Mass Index). We combined the summary statistics of 15
genome-wide association (GWA) studies in a meta-analysis (Supplementary
Figure 1) amounting to a total of 32,387 individuals. The studies include six
population-based studies (CoLaus, SardiNIA, EPIC-Obesity, KORA, WTCCC/UK Blood
services and the British 1958 Birth Cohort), cases and controls of two type 2
diabetes (T2D) case-control studies (DGI and FUSION), and five case series (NHS,
PLCO, WTCCC/HT, WTCCC/CAD and WTCCC/T2D).

1.1. DESCRIPTION OF POPULATIONS, GENOTYPING & ANALYSES

Basic descriptive characteristics for each study are presented in Supplementary
Table 1, details on quality control of samples are summarized in Supplementary
Table 2 and on genome-wide genotyping, imputations and analysis models in
Supplementary Table 3. This section describes the study specific characteristics
that were not summarized in Supplementary Tables 1-3. All participants
provided written informed consent and the studies were approved by the respective
Local Research Ethics committees or Institutional Review Boards.

1.1.1.Population-based studies
1.1.1.1. The Cohorte Lausannoise (CoLaus) Study

The Colaus study has been described in detail previously!. Participants were
randomly selected from a list of 56,694 individuals aged 35 to 75 years who were
permanent residents of the City of Lausanne, Switzerland. Only individuals with four
grandparents of European origin were included in the study. The ColLaus study was
sponsored in part by GlaxoSmithKline, and all participants were duly informed
about this sponsorship.

Principal components were computed to adjust for population stratification
using EIGENSOFT (http://genepath.med.harvard.edu/~reich/Software.htm). After
using the Akaike Information Criterion (AIC) based stepwise model selection, the 3
principal components significant at p<0.05 were included as covariates in the
association analyses.

1.1.1.2. The SardiNIA Study of Aging
The SardiNIA study has been described in detail previously?®. The SardiNIA study
examined a total of 4,301 related individuals participating in a longitudinal study of
aging-related quantitative traits in the Ogliastra region of Sardinia, Italy.

Genotyped individuals had four Sardinian grandparents and were selected for
genotyping without regard to their phenotypes. Among the individuals examined,
1,412 were genotyped with the Affymetrix Mapping 500K Array Set. A total of
356,359 SNPs met the quality control criteria and were used as input for the
imputation procedure using the software MACH*>. The remaining 2,893 individuals
were genotyped with the Affymetrix Mapping 10K Array. These individuals were
mostly offspring and siblings of the 1,412 individuals that were genotyped with the
Affymetrix Mapping 500K Array Set. We took advantage of the relatedness among
individuals to impute missing genotypes in these additional individuals; we
identified large stretches of chromosome shared within each family and
probabilistically “filled-in” genotypes within each stretch whenever one or more of
its carriers was genotyped with the 500K Array Set>®.
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1.1.1.3. The EPIC-Obesity Study
This EPIC-Obesity study has been described in detail previously’®. The EPIC Obesity
cohort includes 2,566 participants randomly selected from the EPIC-Norfolk Study,
a population-based cohort study of 25,663 men and women of European descent
aged 39-79 years recruited in Norfolk, UK between 1993 and 1997.

1.1.1.4. Nurses Health Study (NHS)
The NHS design has been described in detail elsewhere’. The NHS began in 1976
with the recruitment of 121,700 female registered nurses between the ages of 30
and 55 years. The Cancer Genetic Markers of Susceptibility (CGEMS) nested case-
control study is derived from 32,826 participants who provided a blood sample
between 1989 and 1990 and were free of diagnosed breast cancer at blood
collection and followed for incident disease until June 1, 2004. A total of 1,132
cases and 1,133 controls were genotyped and had data on height and weight.

Association between SNPs and BMI was adjusted for age and four statistically

significant (p < 0.05) principal components that were derived from 10,000 SNP
markers distributed across the genome using EIGENSTRAT™,

1.1.1.5. Prostate, Lung, Colorectal and Ovarian Cancer Screening

Trial (PLCO)

The PLCO study design has been described in detail elsewhere!'*?. PLCO is a
population-based, randomized trial to evaluate early detection methods for
prostate, lung, colorectal and ovarian cancer!!. Between 1993 and 2001, over
150,000 men and women ages 55-74 years were enrolled in the trial from ten
centers in the United States. A total of 1,172 non-Hispanic white prostate cancer
cases and 1,105 matched, non-Hispanic white controls were selected for
genotyping®®. Of those 2,277 participants, information on height and weight was
available for 2,235.

1.1.1.6. The KORA Study
The KORA surveys have been described in detail previously’**. The third KORA
survey (KORA S3, n=3,996) is a population-based sample from the general
population of the South-German city of Augsburg and surrounding counties from
1994/1995. A subsample of 1,642 individuals from this survey with 10-year follow-
up (KORA F3) information available was successfully genotyped (the KORA S3/F3
500K Study). All participants had a German passport and were of European origin.

1.1.1.7. The WTCCC/UK Blood Services (UKBS panel 1)
This study was part of the Wellcome Trust Case Control Consortium (WTCCC) and
has been described previously!®. A cohort composed of 1,500 (UK Blood Services
[UKBS]) controls were selected from a sample of healthy blood donors ages 18 to
69 (with the majority between ages 40-59), recruited as part of the WTCCC
project’>. The participants were about equally divided into males and females of
European ancestry. The current analysis included 1,437 individuals that passed the
quality control criteria and that had height and weight data available.

1.1.1.8. British 1958 Birth Cohort (British 1958BC)
This study was part of the Wellcome Trust Case Control Consortium (WTCCC) and
has been described previously’>'®. The British 1958 Birth Cohort is a national
population sample followed periodically from birth to age 44-45 years. A total of
1,502 cohort members were used as population controls in the WTCCC
Consortium'®. The current analysis included 1,479 individuals that passed the
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quality control criteria and that had height and weight data available.

1.1.2.Case-Control & Case series
The DGI and FUSION studies are case-control studies for type 2 diabetes. Genome-
wide analyses were performed for cases and controls separately. The WTCCC-HT,
WTCCC-CAD and WTCCC-T2D studies are part of the Wellcome Trust Case Control
Consortium (WTCCC) and have been described previously®®.

1.1.2.1. The Diabetes Genetics Initiative (DGI)
The DGI study has been described in detail previously!’'® and a description of the
sample is also available online (http://www.broad.mit.edu/diabetes/). The DGI
study is a T2D case-control study that includes 1,588 T2D cases and 1,523
matched controls of European ancestry from Sweden and Finland.

1.1.2.2. The Finland-United States Investigation of NIDDM

Genetics (FUSION)

The FUSION study has been described in detail previously®>!°?°, The FUSION GWA
study is a T2D case-control study that includes 1,161 Finnish T2D cases, 1,174
normal glucose tolerant (NGT) controls, and 122 offspring of case/control pairs (1
T2D, 119 NGT, 2 with impaired glucose tolerance). Cases and controls were
approximately frequency matched as previously described, taking into account five-
year age category, sex, and birth province within Finland?°.

In addition to the QC criteria listed in Supplementary Table 2, SNPs were
excluded when the total number of duplicate pair discrepancies in 79 duplicate
sample pairs and Mendelian inheritance inconsistencies in 122 parent-offspring sets
was >3.

1.1.2.3. WTCCC-HT Cases
Participants comprised severely hypertensive probands ascertained from families
with multiplex affected sibships or as parent-offspring trios. All cases were of
British ancestry and were recruited from the Medical Research Council General
Practice Framework and other primary care practices as part of the UK77 study?’.
The current analysis included 1,895 individuals that passed the quality control
criteria and that had height and weight data available.

1.1.2.4. WTCCC-CAD Cases
WTCCC-CAD cases were individuals of European descent who had a validated
history of either myocardial infarction (MI) or coronary revascularisation before
their 66th birthday. Recruitment was carried out on a national basis through
responses to a sustained media campaign, responses to posters placed within
hospitals and GP surgeries, and as part of a pilot-phase, by contacting patients
listed on computer based coronary artery disease databases in the two lead
centres. A collection of 2000 unrelated cases affected by premature CAD were
selected first for the presence of MI and then on the age of onset of disease for the
WTCCC study. The current analysis included 1,876 individuals that passed the
quality control criteria and that had height and weight data available.

1.1.2.5. WTCCC/T2D Cases
A total of 1,999 individuals of British/Irish descent were selected from the Diabetes
UK Warren 2 repository. Diaghosis of diabetes was made between ages of 25 and
75 and was based on either current prescribed treatment with diabetes-specific
medication or, in the case of those treated with diet alone, historical or
contemporary laboratory evidence of hyperglycemia. Approximately 30% of cases
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were explicitly recruited as part of multiplex sibships, and ~25% represented the
T2D offspring within parent-offspring “triads” or “duos”. The remainder of the
participants were recruited as isolated cases ascertained for early age at diagnosis
compared to the population distribution and a high proportion of diabetic relatives.
The current analysis included 1,913 individuals that passed the quality control
criteria and that had height and weight data available.

1.2. IMPUTATION OF GENOTYPES
Because studies used different genotyping platforms, there was only partial overlap
of genotyped SNPs across the different GWA scans. Therefore, we imputed for each
GWA scan separately the genotypes of polymorphic autosomal SNPs that were
available for the HapMap Phase II - CEU population. This approach facilitates the
comparison and meta-analysis of GWA scans, as each scan will have association
summary statistics for the same SNPs.

Imputations were based on genotypes of SNPs and samples that passed the
study-specific quality control criteria, using either MACH* (for 8 GWA scans) or
IMPUTE?® (for 7 GWA scans) as imputation software (Supplementary Table 3).
Genotypes were imputed for SNPs that were not already genotyped by the genome-
wide genotyping chip or for genotyped SNPs that had failed the quality control
criteria.

Both imputation software programs rely on the same principles to impute
genotypes. Using observed GWAS genotypes as input, a hidden markov model is
used to select matching mosaics of haplotypes from a reference panel (the HapMap
CEU) and to infer genotypes at SNPs that were studied in the reference panel, but
not in the GWAS panel. The certainty of the inference depends on the stretches of
haplotypes shared between the reference panel and the study samples. Per
individual, the imputation result at each of the imputed SNPs can be expressed as a
set of three genotype probabilities, which vary between 0 and 1 per genotype and
sum to 1, or as an ‘allele dosage’, which is defined as the expected number of
copies of the minor allele at each SNP and varies between 0 and 2.

Furthermore, each imputation package estimates an overall imputation
quality score for each SNP. IMPUTE calculates the ‘info’ statistic which is a measure
of the observed statistical information for the estimate of allele frequency of the
SNP. This measure varies between 0 and 1, with 1 indicating perfect information.
MACH calculates the ‘rsq_hat’, which is the estimated r*> between each imputed
genotype and its true underlying genotype. Rsq_hat ranges from 0 to 1, with 1
indicating high quality imputation.

Further details on imputation are available in Supplementary Table 3. Both
imputation software programs are available online; MACH?* at
http://www.sph.umich.edu/csg/abecasis/MaCH/ and IMPUTE?? at
http://www.stats.ox.ac.uk/~marchini/software/gwas/impute.html.

1.3. GENOME-WIDE ASSOCIATION ANALYSES IN INDIVIDUAL COHORTS
Details on study-specific analysis software and modelling of outcome and covariates
are summarised in Supplementary Table 3.
Each GWA study performed association analyses between imputed or
observed SNPs and BMI, assuming an additive inheritance model. The SardiNIA,
and FUSION studies applied a regression-based analysis under a variance
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components framework to appropriately account for the relatedness among
individuals®.

The uncertainty of the imputed genotypes was taken into account in the
analysis using methods appropriate for the imputation software used. Studies that
imputed genotypes using IMPUTE used the SNPtest software?* for association
analyses, which implements frequentist tests to calculate p-values using the
imputed genotype probabilities to account for the uncertainty of the genotypes®.
SNPTEST also calculates the ‘proper_info’ statistic as a measure of the relative
statistical information about the additive genetic effect being estimated. The
proper_info statistic has a direct relationship to the power of the test and ranges
from 0 to 1, with 1 indicating perfect information for that test. Studies that imputed
genotypes with MACH used either MACH2QTL or Merlin, which both use the ‘allele
dosage’ (0.0-2.0) to summarize the imputed genotype probabilities.

For each GWA scan, two series of association analyses were performed; [1] a
‘best’ analysis that modelled outcome and covariates taking into account study-
specific characteristics (Supplementary Table 3) and [2] a ‘uniform’ analysis
applying an inverse normal transformation of BMI and adjusted for age, age?, for
men and women separately.

The genomic control inflation factors (Igc) for each of the GWA scans
separately did not exceed 1.10 (Supplementary Table 3) and genomic control
correction was applied to each study prior to meta-analysis.

1.4. META-ANALYSIS OF GWA STUDIES
A total of 2,399,588 autosomal SNPs with a [1] MAF >=1%, [2] a proper_info
(SNPTEST) of =0.40 or a rsq_hat (MACH) of =0.30, and [3] data available for at
least 16,000 individuals (and up to 32,387 individuals) were included in the meta-
analysis (Supplementary Table 3).

We used a weighted z-score-based fixed effects meta-analysis to combine
the results of the 15 GWA studies?>. First, a z-statistic for each SNP, which
represents the significance of the association (based on p-value) and the direction
of effect (sign relative to chosen reference allele), is calculated for each of the 15
GWA scans separately. Next, the study-specific z-statistics for each SNP are
combined into one overall z-statistic, computed as the weighted sum of the
individual z-statistics (with weights proportional to the square root of the relative
sample size for each study). The p-value corresponding to the overall z-statistic
was then calculated. Weights are proportional to the square-root of the number of
individuals examined in each study and scaled such that the squared weights sum
to 1.0.

We performed two meta-analyses using either the p-values of the ‘best’
analyses or the p-values of the ‘uniform’ analyses and found that the summary
statistics for both analyses were extremely similar (Supplementary Figure 2),
particularly for strongly associated loci. The correlation between the log of the p-
values of the ‘best’ and ‘uniform’ analyses was 0.91. SNP selection for follow-up
was based on the meta-analysis of the ‘best’ results. Meta-analyses were performed
using the software program METAL (www.sph.umich.edu/csg/abecasis/metal).

The genomic control inflation factor (lgc) for the ‘best’ meta-analysis was
1.10 and genomic control correction was conservatively applied to the meta-
analysis p-values.
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2. STAGE 2 - FOLLOW UP

Stage 2 of our study comprises the follow-up of 35 SNPs from the most significant
loci of the GWA meta-analysis (Stage 1) (Supplementary Figure 1 and
Supplementary Table 1-4) in 59,082 individuals from 14 studies. A total of
45,018 individuals from 9 studies (EPIC-Norfolk, FINRISK97, METSIM, PPP-Botnia
study, FUSION stage 2, Hertfordshire study, SardiNIA stage2, and MRC Ely study)
were directly genotyped, while for 14,064 individuals from 5 studies (The
Rotterdam study, the Northern Finnish Birth Cohort 1966, TwinsUK, InChianti and
BLSA) the SNPs were extracted from existing GWA scans.

2.1. DIRECT GENOTYPING FOLLOW-UP

Basic descriptive characteristics for each study are presented in Supplementary
Table 1 and details on genotyped SNPs are summarised in Supplementary Table
4. SNPs were preferentially chosen for follow-up genotyping if they were the best
associating SNP from stage 1. If the best associating SNP from stage 1 did not
design, alternative SNPs were chosen to represent the locus. These alternative
SNPs were chosen based on the following criteria: 1. If a SNP was directly
genotyped on the Illumina platform and had an R2>0.9 to the best SNP that SNP
was used 2. Otherwise the SNP with the best r? possible to the best SNP at that
associating locus was chosen but no SNP with an r* below 0.6 was used. All
participants provided informed consent and the studies were approved by the
respective Local Research Ethics committees or Institutional Review Boards.

2.1.1.Description of populations
2.1.1.1. EPIC-Norfolk

Sample - EPIC-Norfolk is an ongoing prospective cohort study of chronic diseases
comprising 25,663 Norfolk residents, an ethnically homogenous European origin
population aged 39-79 who were recruited from general practice registers between
1993 and 1997 for a first health examination. Height and weight were measured
according to standardized protocols to calculate BMI. A total of 21,583 samples
were immediately available for genotyping. Individuals that had been analysed in
the context of the GWA-meta-analyses (see 1.1.1.3) were excluded for replication
analyses. Eventually, genotypes for 18,719 individuals with height and weight data
were available for analyses. Body fat percentage was measured by bioelectrical
impedance and was available for 10,096 individuals. More details on the study
design of EPIC-Norfolk studies have been reported elsewhere’?*.

Genotyping & Quality Control — Nine SNPs were genotyped using TagMan® SNP
genotyping assay (Applied Biosystems, Warrington, UK) according to the
manufacturer’s protocol. A total of 31 SNPs were genotyped using the platform
iPLEX™ Sequenom MassARRAY®, of which 6 failed (Supplementary Table 4).
Genotype frequencies were in HWE (p>1 x 10°), call rates were >94%.

2.1.1.2. FINRISK97

Sample - FINRISK 1997 is one of the population-based risk factor surveys carried
out by the National Public Health Institute of Finland every five years®. The sample
was drawn from the National Population register in 1997 for five geographical areas
(North Karelia, Kuopio, Oulu province, Helsinki and Vantaa, and Turku/Loimaa area)
in Finland, and stratified so that the cell size was 250 per each sex, 10-year age
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group (range 25-64 years), and study area. An additional ‘senior sample’ included
250 men and 500 women aged 65-74 years from the North Karelia and
Helsinki/Vantaa area. A total of 11,500 individuals were invited of whom 8,447
(73.5%) participated. Height and weight were measured according to standardized
protocols to calculate BMI*®. DNA sample and BMI data were available for 7,670
participants.
Genotyping & Quality Control — A total of 35 SNPs were genotyped using the
platform iPLEX™ Sequenom MassARRAY®, of which 2 failed (Supplementary
Table 4). Genotype frequencies were in HWE (p>1 x 10°®), call rates were >99%,
and concordance of duplicates was >99%.

2.1.1.3. The METabolic Syndrome In Men (METSIM) study
Sample - The METSIM study is an ongoing study that aims to investigate the
metabolic syndrome, type 2 diabetes, cardiovascular disease, and cardiovascular
risk factors, with the goal of collecting 9,000 men, randomly selected from the
population of the town of Kuopio in Eastern Finland (population 95,000). Our
sample included the first 6229 participants, aged 45-73 years. Height, weight and
body fat percentage (by bioelectrical impedance) were measured during a 1-day
visit to the Clinical Research Unit of the University of Kuopio. Height and weight
was available in 6225 individuals. The study was approved by the ethics Committee
of the University of Kuopio.
Genotyping & Quality Control — A total of 32 SNPs were genotyped using the
platform iPLEX™ Sequenom MassARRAY®, of which 3 failed (Supplementary
Table 4). Genotype frequencies were in HWE (p>0.01), call rates were >95%, and
concordance of duplicates (n = 124) was >99%.

2.1.1.4. Botnia Prevalence, Prediction and Prevention of Diabetes

(PPP) study

Sample - Prevalence, Prediction and Prevention of Diabetes (PPP) in the Botnia
study - a population-based study started in 2004 aiming 1) to study diabetes
prevalence in the Botnia population, 2) to test whether genetic and metabolic risk
factors previously identified in the Botnia study can be used to identify high risk
individuals and 3) to study whether incidence of T2D can be prevented in these
high risk individuals using an intervention program?®. The study includes 3,428
individuals with data on height, weight and body fat percentage (measured by
bioelectrical impedance).
Genotyping & Quality Control — A total of 31 SNPs were genotyped using the
platform iPLEX™ Sequenom MassARRAY®, of which 4 failed (Supplementary
Table 4). Genotype frequencies were in HWE (p>1 x 107®), call rates were >99%,
and concordance of duplicates was >99%.

2.1.1.5. FUSION stage 2
Sample - The FUSION study stage 2 sample includes 1211 T2D cases and 1266
NGT controls approximately frequency matched to take into account five-year age
category, sex, and birth province within Finland'®. FUSION stage 2 samples do not
overlap with the individuals used in the initial GWA scan. Height and weight
measurements were available for 1204 individuals with type 2 diabetes and 1266
NGT individuals.
Genotyping & Quality Control — A total of 31 SNPs were genotyped using the
platform iPLEX™ Sequenom MassARRAY®, of which 5 failed (Supplementary
Table 4). Genotype frequencies were in HWE (p>0.008), call rates were >95%,
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and concordance of duplicates (n = 59) was 100%.

2.1.1.6. The Hertfordshire Cohort Study
Sample - The Hertfordshire Cohort Study comprises 2,997 men and women born in
the English county of Hertfordshire during the period 1931-1939 and still resident
there today. At follow-up (age 60-75 years), all participants attended a clinic for
detailed physiological investigations as described previously?’. Height and weight
were measured according to standardized procedures to calculate BMI. Genotypes
and phenotype data were available on 2,944 individuals. The study has ethical
approval from the Hertfordshire and Bedfordshire Local Research Ethics Committee
and all participants have given written informed consent.
Genotyping & Quality Control — Genotyping of rs8055982 and rs7498665 was
performed using TagMan® SNP genotyping assay (Applied Biosystems, Warrington,
UK) according to the manufacturer’s protocol. Genotype frequencies were in HWE
(p>0.05), call rates were >98%, and concordance of duplicates (n = 300) was
100%.

2.1.1.7. The SardiNIA study - Stage 2
Sample - The SardiNIA stage 2 sample includes 1,862 individuals selected from
the SardiNIA study but genetically unrelated from those individuals analyzed in the
GWA scan.
Genotyping & Quality Control — Genotyping of rs8055982 and rs7498665 was
performed using TagMan® SNP genotyping assay (Applied Biosystems, Warrington,
UK) according to the manufacturer’s protocol. Genotype frequencies were in HWE
(p>0.05), call rates were >95%, with no Mendelian errors over 431 parent-
offspring pairs.

2.1.1.8. MRC-Ely Study
Sample - The MRC Ely Study is a population-based cohort randomly selected from
people living in Ely and surrounding villages (East Anglia, UK), an ethnically
homogenous European ancestry population. The study design, methods and
measurements of the three phases have been described in detail elsewhere?®3?,
The current analyses included 1,700 men and women, aged 35-79 years, from
phase 3. Height and weight were measured according to standardized protocols.
Ethical permission was granted by the Cambridgeshire Research Ethics Committee,
and study participants provided written informed consent.
Genotyping & Quality Control — Genotyping of rs8055982 and rs7498665 was
performed using TagMan® SNP genotyping assay (Applied Biosystems, Warrington,
UK) according to the manufacturer’s protocol. Genotype frequencies were in HWE
(p>0.05), call rates >96%, with >98% concordances of duplicates (n = 30).

2.1.2.Association analyses within each of the "“stage 2 direct

genotyping” cohorts
Association analyses between each of the genotyped SNPs and BMI were performed
in each of the “stage 2 - direct genotyping” studies separately, but in an identical
manner.

2.1.2.1. BMI association analyses
BMI was first regressed against age, age’ and sex to obtain residuals.
Subsequently, we tested for association between [1] each SNP and the (raw)
residuals, as well as between [2] each SNP and the inverse normal transformed
residuals after modelling covariates age, age® and sex, using linear regression
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assuming an additive effect of each additional risk-allele.

2.1.2.2. Additional association analyses
In secondary analyses, we tested for association between each SNP and height,
weight and body fat percentage (if available) in a similar way as in the primary
analysis; i.e. the residuals (raw or inverse normal transformed), obtained after
regressing against age, age’ and sex, were tested for association with each SNP
using a linear regression model that assumed an additive effect.
Logistic regression was used to test for association between each SNP and two
discrete variables, overweight status (BMI > 25 kg.m™) and obese status (BMI >
30 kg.m™?). Age, age® and sex were included in the model as covariates. SNPs were
coded assuming a log-additive model (multiplicative) model. The non-overweight
(BMI < 25 kg.m™) individuals were considered the reference group, while the
overweight or obese individuals were considered the at-risk group.

2.2. IN-SILICO FOLLOW-UP
Basic descriptive characteristics for each study are presented in Supplementary
Table 1 and details on the genotyping and quality control are shown in
Supplementary Tables 2 & 3 and on the extracted SNPs in Supplementary
Table 4. All participants provided written informed consent and the studies were
approved by the respective Local Research Ethics committees or Institutional
Review Boards.

2.2.1.Description of populations

2.2.1.1. Rotterdam Study
The Rotterdam Study is an ongoing prospective population-based cohort study,
focused on chronic disabling conditions of the elderly. The study comprises an
outbred ethnically homogenous population of Dutch Caucasian origin. The rationale
of the study has been described in detail elsewhere®*33, In summary, 7983 men
and women aged 55 years or older, living in Ommoord, a suburb of Rotterdam, the
Netherlands, were invited to participate. Body height and weight were measured
using standardized procedures. BMI and genome-wide genotype data were
available for 5,373 participants. The current analyses include 5,373 individuals.

2.2.1.2. Northern Finland Birth Cohort of 1966 (NFBC1966)
The Northern Finland Birth Cohort of 1966 (NFBC1966) was originally designed to
study factors affecting pre-term birth, low birth weight and subsequent morbidity
and mortality. Mothers living in the two northern-most provinces of Finland were
invited to participate if they had expected delivery dates during 1966. A total of
12,058 live-births were in the study. At age 31 all individuals still living in the
Helsinki area or Northern Finland were asked to participate in a detailed biological
and medical examination (n=5,923) as well as a questionnaire. Anthropometric
measures, including height and weight were taken. Genotype and measured BMI
data were available on 4,598 individuals in this study with multiple births being
excluded. The University of Oulu ethics committee approved the study.

2.2.1.3. TwinsUK
The TwinsUK cohort (www.twinsuk.ac.uk) is an adult twin registry shown to be
representative of the UK singleton population®. A total of 2218 women were
included in the analysis, including 1018 singletons (754 twin members from
monozygotic pairs and 253 from dizygotic pairs and 11 of pairs with unknown
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zygosity), and 1200 siblings from 600 dizygotic pairs. Height and weight were
measured according to standardised protocols during visit at the clinic. Written
informed consent was obtained from every participant to the study, and the study
was approved by the Guy’s and St. Thomas’ Hospital Ethics Committee.

2.2.1.4. InCHIANTI
INnCHIANTI is an epidemiological study of risk factors contributing to the decline in
physical functioning in late life*>. Individuals were selected from the population
registries of two small towns in Tuscany, Italy. Participants, all of white European
origin, were invited to a clinic visit for evaluation of health status as described in
detail previously®®. Height and weight were measured according to standardized
procedures. BMI and genotype data were available for 1139 participants. The
Italian National Institute of Research and Care of Aging Institutional Review Board
ratified the study protocol.

2.2.1.5. The Baltimore Longitudinal Study of Aging (BLSA)
The BLSA is an on-going prospective study that began in 1958 to investigate
changes that occur with normal aging. The study consists of volunteers recruited
primarily from the Washington DC and Baltimore, MD area. Details of this study
have been described elsewhere®’. Genome-wide data was available for 1230
participants. The analysis was restricted to Caucasian individuals only (N=856). The
study was approved by the Medstar Research Institutional Review Board.

2.2.2.Association analyses within each of the "“stage 2 in silico”
cohorts
Each in silico study performed its ‘best’ analyses between each of the follow-up
SNPs and BMI adjusting for study-specific covariates (Supplementary Table 3).
We used p values from these best analyses for meta-analysis.

2.2.2.1. Rotterdam Study
We performed association between imputed or observed SNPs and BMI (log-
transformed BMI standardized residuals adjusted for age, age®’ and gender,
assuming an additive inheritance model using MACH2QTL.

2.2.2.2. Northern Finnish Birth Cohort of 1966 (NFBC66)
Tests of association between each SNP and BMI (sex- and age- specific z-score of
log-transformed BMI) were performed using a Cochran-Armitage test for an
additive genetic effect (1 degree of freedom, df) for the presence of each additional
effect allele using SNPTEST?%. Geographical differences in the population structure
were taken into account using principal components (PC) analysis based on the
genome-wide IBS pairwise distances, as implemented in PLINK.

2.2.2.3. TwinsUK
Genome-wide association analysis sample was carried out using a score test and
variance components to account for twin status on untransformed BMI, correcting
for age. Analyses were implemented in the Merlin software package’®.

2.2.2.4. InChianti
An inverse normal transformation was applied to BMI and tested for association
with imputed allele dosages using Merlin®®. The analysis was adjusted for age, age®
and gender.

2.2.2.5. The Baltimore Longitudinal Study of Aging (BLSA)
Associations between imputed allele dosages and BMI were assessed using Merlin?®.
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An inverse normal transformation was applied to BMI and the analysis was adjusted
for age, age? and gender.

3. META-ANALYSES OF STAGE 1 AND STAGE 2 RESULTS

3.1. BMI META-ANALYSIS
We used a weighted z-score-based fixed effects meta-analysis to combine the
results of the 15 GWA studies of stage 1, with the results of 6 studies that
performed direct genotyping and the 5 studies for which in silico results were
available from stage 2. The details of the method were described above (see 1.4).
Meta-analyses were performed using the software program  METAL
(www.sph.umich.edu/csg/abecasis/metal).

3.2. ADDITIONAL ANALYSES IN STAGE 2 SAMPLES

3.2.1.Estimation of effect size
To estimate an additive effect for SNPs that showed significant evidence of
association after follow-up studies, we performed secondary meta-analyses
including only the six directly genotyped stage 2 samples. We used the inverse
variance-weighted method, which combines the effect sizes (beta or log odds-
ratios) and standard errors estimated within each study using linear or logistic
regression. Effect sizes were pooled using the fixed effect model that assumed no
heterogeneity. Heterogeneity was tested using the Q statistic and was found to be
negligible.

We performed a meta-analysis for the associations with BMI residuals (raw)
to estimate an overall effect size for each SNP. Similar analyses were performed for
the residuals of height, weight and body fat percentage as well as for the risk of
being overweight and obese. All analyses were initially performed within each study
and adjusted for age, age® and sex. When the lead SNP was not genotyped in a
particular sample due to assay limitations, we use a proxy SNP in strong linkage
disequilibrium (if available, r* > 0.80).

Meta-analyses were performed using the software program METAL
(www.sph.umich.edu/csg/abecasis/metal).

3.2.2.Heterogeneity
We tested for heterogeneity among studies and men and women in stage 1 samples
for the 35 SNPs that were taken forward to stage 2. The I*-statistic®®* and the
Cochran's heterogeneity statistic*® were used to estimate between-study
heterogeneity. To test for gender differences in effect sizes we first meta-analysed
the results of the ‘uniform’ analyses for men and women separately. The gender-
specific effect sizes and their standard errors were compared by using a t-test.

4. ANALYSES IN CHILDHOOD COHORTS

4.1. DESCRIPTION OF POPULATIONS
4.1.1.Population-based sample - The ALSPAC Population Children’s
cohort

Sample - The Avon Longitudinal Study of Parents and Children (ALSPAC) is a
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prospective study, which recruited pregnant women with expected delivery dates
between April 1991 and December 1992 from Bristol, UK*'. Individuals of known
non-white ethnic origin were excluded from all analyses. DNA was collected from
mothers and children as described previously*®. After exclusion for ethnicity,
genotypes were available for 8,369 children. Where the dataset included multiple
singleton siblings born to the same mother, only the first-born was included in the
analyses of children. Children were invited annually to attend a specially-designed
clinic, at which anthropometric measures, including height and weight, were
taken®. A total of 4,951 children had BMI and genotype data available at age 11.
Of these, 4,876 children agreed to undergo a whole-body dual energy X-ray
absorptiometry (DEXA) scan to assess fat and lean mass, described in detail
previously**. All aspects of the study are reviewed and approved by the ALSPAC
Law and Ethics Committee, which is registered as an Institutional Review Board.
Approval was also obtained from the Local Research Ethics Committees, which are
governed by the Department of Health.

Genotyping & Quality Control - Genotyping of the 6 replicated SNPs were
performed by KBiosciences (Hoddesdon, UK) using their own system of
fluorescence-based competitive allele-specific PCR (KASPar). Details of assay design
are available from the KBiosciences website (http://www.kbioscience.co.uk).
Genotype frequencies were in HWE (p>0.01), call rates were 97%, with 100%
concordances of duplicates.

4.1.2.Severe Childhood Onset Obesity Project UK (SCOOP-UK)

Sample - The Severe Childhood Onset Obesity Project UK (SCOOP-UK) comprises
1,038 UK participants of European descent with severe early onset obesity of
unknown aetiology. This cohort has emerged out of the Genetics of Obesity Study
(GOO0S) (n=2,800). The entry criteria for the GOOS cohort comprise a BMI > 3 SDs
from the age-specific mean and an onset of obesity before the age of 10 years®.
SCOOP-UK represents a subgroup of GOOS patients of UK European ancestry in
whom all the known monogenic obesity syndromes have been excluded by direct
nucleotide sequencing. The ALSPAC children (as described above) were used as
controls (n = 8,369) in this analysis. To exclude potential population stratification,
as the ALSPAC cohort is geographically-based, we also used the EPIC-Norfolk
population as controls (as described above).

Genotyping & Quality Control — Genotyping of the 6 SNPs was performed using
TagMan® SNP genotyping assay (Applied Biosystems, Warrington, UK) according to
the manufacturer’s protocol. Genotype frequencies were in HWE (p>0.01) and call
rates >96%.

4.2. ASSOCIATION ANALYSES
4.2.1.Population-based sample - The ALSPAC Population Children’s
cohort

BMI, weight, height and DEXA fat mass at age 11 were log-transformed before
calculating sex-specific Z-scores. Association between these anthropometric
measures and SNPs was tested using linear regression assuming an additive effect
for the presence of each additional minor allele. All analyses were performed with
Stata/SE 9.2 for Windows (StataCorp LP, College Station, Texas, USA).

4.2.2.Case-control studies - SCOOP-UK
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For the case-control analysis, all SCOOP-UK children were considered cases, while
ALSPAC children, irrespective of their BMI were used as controls (n = 8,369).
Association between SNP and case-control status was performed using Fisher’s
exact test. Similar results were obtained when the EPIC-Norfolk cohort was used as
controls for SCOOP-UK.
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