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Supplementary Figure 1.  Manhattan plot of trans-ethnic “discovery” GWAS meta-analysis.  The trans-ethnic meta-analysis comprises 
26,488 T2D cases and 83,964 controls from populations of European, East Asian, South Asian, and Mexican and Mexican American ancestry, 
imputed up to 2.5 million Phase II/III HapMap autosomal SNPs.  Previously established T2D susceptibility loci are highlighted in red.  Novel 
loci achieving nominal significance (p<10-5) in the stage 1 meta-analysis, and genome-wide significance (p<5x10-8) after the addition of the 
“validation” meta-analysis of 21,491 cases and 55,647 controls of European ancestry, are highlighted in green.  Loci achieving nominal 
significance in the discovery meta-analysis, but not achieving genome-wide significance after the addition of the validation meta-analysis are 
highlighted in yellow. 
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Supplementary Figure 2.  ENCODE annotation of LPP and FAF1 loci.  Transcription factor binding ChIP sites (TFBS) and Dnase I 
hypersensitivity sites (DNase HS) are highlighted in black.  Chromatin states in 9 ENCODE cell lines (GM12878, HepG2, hESC, HMEC, HSMM, 
HUVEC, K562, NHEK, and NHLF) are highlighted as follows: strong enhancer (orange), weak enhancer (yellow), active promoter (red), poised 
promoter (pink), insulator (blue), transcribed (pale green), transcription transition (dark green), repressed (dark grey) and heterochromatin 
(pale grey). 
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Supplementary Figure 3.  Signal plots constructed on the basis of ancestry-specific meta-analyses at two loci showing greatest improvements in fine-
mapping resolution after trans-ethnic meta-analysis: JAZF1 (top) and SLC30A8 (bottom).  The ancestry-specific meta-analyses were imputed at up to 
2.5 million Phase II/III HapMap autosomal SNPs.  Each point represents a SNP passing quality control in the ancestry-specific meta-analysis, plotted with 
their p-value (on a -log10 scale) as a function of genomic position (NCBI Build 36). In each plot, the lead SNP from the trans-ethnic meta-analysis across 
ancestry groups is represented by the purple symbol.  The colour coding of all other SNPs indicates LD with the lead SNP (estimated by r2 from the most 
closely related reference panel from Phase II HapMap, i.e. CEU for the European, South Asian, and Mexican and Mexican American ancestry groups, and 
CHB+JPT for the East Asian ancestry group): red r2≥0.8; gold 0.6≤r2<0.8; green 0.4≤r2<0.6; cyan 0.2≤r2<0.4; blue r2<0.2; grey r2 unknown. The shape of the 
plotting symbol corresponds to the annotation of the SNP: upward triangle for framestop or splice; downward triangle for non-synonymous; square for 
synonymous or UTR; and circle for intronic or non-coding.  Recombination rates are estimated from Phase II HapMap and gene annotations are taken 
from the University of California Santa Cruz genome browser.   
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Supplementary Figure 4.  Dendogram representing relatedness between ancestry groups included in the trans-ethnic meta-analysis.  The 
distance between each ethnic group is estimated by the genome-wide autosomal mean effect allele frequency difference from the ancestry-
specific meta-analysis.  The dendogram represents our prior beliefs about the heterogeneity in allelic effects on T2D susceptibility between 
ancestry groups in the MANTRA analysis. 
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Supplementary Table 1.  Study sample characteristics and genotyping. 
 

(a) Trans-ethnic meta-analysis. 
 

Study 
Ethnic group  
(country of origin) 

Case-control 
status 

Sample characteristics 

Genotyping array 
Sample size 

(males/females) 
Age (years) 
mean (SD) 

Age at onset (years) 
mean (SD) 

Fasting glucose (mmol/l) 
mean (SD) 

BMI (kg/m2) 
mean (SD) 

ARIC 
European 
(USA)  

Cases 775 (416/359) 56.1 (5.6) 50.9 (10.4) 9.3 (3.6) 30.4 (5.4) 
Affymetrix Human SNP Array 6.0 

Controls 7,159 (3,167/3,992) 54.0 (5.7)  5.4 (0.4) 26.4 (4.5) 

deCODE 
European  
(Iceland) 

Cases 1,465 (868/597) 68.4 (10.1) 55.1 (12.7) 8.5 (2.7) 30.1 (5.4) 
Illumina Human 300K/370K 

Controls 23,194 (7,316/15,878) 59.7 (18.1)  5.3 (0.7) 26.8 (5.0) 

DGDG 
European  
(France) 

Cases 679 (413/266) 59.5 (10.1) 45.1 (8.4) 9.2 (3.1) 25.9 (2.8) 
Illumina Human 300K 

Controls 697 (281/416) 53.9 (5.6)  5.1 (0.4) 23.2 (1.8) 

DGI 
European  
(Sweden/Finland) 

Cases 1,022 (529/493) 65.9 (10.0) 58.0 (10.0) 9.5 (3.1) 28.1 (4.1) 
Affymetrix GeneChip 500K 

Controls 1,075 (540/535) 58.0 (10.0)  5.3 (0.5) 27.6 (3.7) 

EUROSPAN 
European  
(various isolates) 

Cases 269 (127/142) 62.9 (N/A) N/A 8.0 (N/A) 29.8 (N/A) 
Illumina Human 300K/370K 

Controls 3,710 (1,557/2,153) 49.9 (N/A)  4.8 (N/A) 26.5 (N/A) 

FHS 
European  
(USA) 

Cases 674 (386/288) 63.7 (12.4) N/A 8.6 (2.8) 31.4 (6.5) 
Affymetrix GeneChip 500K & MIPS 50K 

Controls 7,664 (3,443/4,221) 52.3 (16.0)  5.3 (0.5) 27.0 (5.1) 

FUSION 
European 
(Finland)  

Cases 1,161 (653/508) 62.9 (7.6) 53.7 (9.1) 9.4 (3.1) 30.2 (4.7) 
Illumina Human 300K 

Controls 1,174 (574/600) 63.6 (7.4)  5.3 (0.5) 27.1 (3.9) 

HPFS 
European  
(USA) 

Cases 1,124 (1,124/0) 55.0 (8.6) 64.0 (8.4) N/A 27.8 (4.0) 
Affymetrix Human SNP Array 6.0 

Controls 1,298 (1,298/0) 55.0 (8.4)  N/A 25.0 (2.9) 

KORAGen 
European  
(Germany) 

Cases 433 (255/178) 65.2 (8.3) 58.2 (10.3) N/A 30.9 (5.0) 
Affymetrix GeneChip 500K 

Controls 1,438 (693/745) 61.9 (7.4)  N/A 27.7 (4.3) 

NHS 
European  
(USA) 

Cases 1,467 (0/1,467) 43.5 (6.7) 58.7 (10.6) N/A 27.4 (0.1) 
Affymetrix Human SNP Array 6.0 

Controls 1,754 (0/1,754) 43.1 (6.8)  N/A 23.5 (0.1) 

RS1 
European  
(Netherlands) 

Cases 1,178 (488/690) 71.7 (8.9) 71.5 (8.9) N/A 27.4 (4.0) 
Illumina Human 550K 

Controls 4,761 (1,928/2,833) 69.0 (9.1)  N/A 26.0 (3.6) 

WTCCC 
European  
(UK) 

Cases 1,924 (1,118/806) 58.6 (9.2) 50.3 (9.2) N/A 30.7 (6.1) 
Affymetrix GeneChip 500K 

Controls 2,938 (1,446/1,492) N/A  N/A N/A 

CAGE 
East Asian 
(Japan) 

Cases 931 (623/308) 66.1 (9.5) N/A N/A 24.4 (3.4) 
Illumina Human 550K/610K 

Controls 1,404 (844/560) 65.9 (7.4)  N/A 23.1 (3.0) 

CLHNS 
East Asian 
(Philippines) 

Cases 159 (0/159) 49.6 (6.1) N/A 10.7 (3.5) 25.9 (4.3) 
Affymetrix GeneChip 500K 

Controls 1,624 (0/1,624) 48.3 (6.1)  5.0 (0.6) 24.4 (4.3) 

KARE 
East Asian 
(Korea) 

Cases 1,042 (539/503) 56.4 (8.6) N/A 7.0 (2.6) 25.5 (3.3) 
Affymetrix Human SNP Array 5.0 

Controls 2,943 (1,355/1,588) 51.5 (8.6)  4.5 (0.4) 24.1 (3.0) 

SDCS/SP2(1) 
East Asian 
(Singapore) 

Cases 1,082 (402/680) 65.1 (9.7) 55.7 (12.0) N/A 25.3 (3.9) 
Illumina Human 610K 

Controls 1,006 (217/789) 47.7 (11.1)  4.7 (0.5) 22.3 (3.7) 

SDCS/SP(2) 
East Asian 
(Singapore) 

Cases 928 (602/326) 63.7 (10.8) 52.2 (14.4) N/A 25.4 (3.8) 
Illumina Human 1M 

Controls 939 (599/340) 46.7 (10.2)  4.7 (0.5) 22.8 (3.4) 

SDGS East Asian Cases 1,019 (0/1,019) 51.7 (6.7) 51.7 (6.7) N/A 26.5 (3.7) Affymetrix Human SNP Array 6.0 
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(China) Controls 1,710 (1,710/0) 48.7 (8.5)  N/A 23.1 (3.3) 

SiMES 
East Asian 
(Singapore) 

Cases 794 (388/406) 62.3 (9.9) 54.4 (11.2) N/A 27.8 (4.9) 
Illumina Human 610K 

Controls 1,240 (595/645) 56.9 (11.4)  N/A 25.1 (4.8) 

TDS 
East Asian 
(China) 

Cases 999 (504/495) 59.2 (NA) 50.0 (N/A) N/A 23.8 (N/A) 
Illumina Human 550K 

Controls 1,000 (502/498) 51.2 (NA)  N/A 23.8 (N/A) 

LOLIPOP610 
South Asian 
(UK) 

Cases 1,783 (1,478/305) 59.4 (9.2) N/A 8.6 (3.1) 28.1 (4.6) 
Illumina Human 610K 

Controls 4,773 (4,048/725) 53.9 (10.7)  5.2 (0.6) 26.8 (4.2) 

LOLIPOP317 
South Asian 
(UK) 

Cases 440 (440/0) 54.1 (10.1) N/A 8.9 (2.9) 27.6 (4.7) 
Illumina Human 300K 

Controls 1,699 (1,699/0) 46.8 (10.1)  5.1 (0.6) 26.6 (4.2) 

PROMIS 
South Asian 
(Pakistan) 

Cases 2,361 (1,806/555) 55.0 (9.4) N/A 13.3 (5.5) 26.0 (4.0) 
Illumina Human 650K 

Controls 6,817 (5,658/1,159) 52.9 (10.5)  6.9 (2.9) 25.3 (3.9) 

SINDI 
South Asian 
(Singapore) 

Cases 977 (531/446) 60.7 (9.9) N/A 9.7 (4.4) 27.1 (5.1) 
Illumina Human 610K 

Controls 1,169 (566/603) 55.7 (9.7)  5.4 (1.1) 25.3 (4.4) 

Mexico City 
Mexican 
(Mexico) 

Cases 967 (303/664) 50.5 (9.2) 43.7 (7.1) 10.2 (4.3) 29.6 (4.8) 
Affymetrix Human SNP Array 5.0 

Controls 343 (169/174) 50.7 (5.0)  4.8 (0.4) 27.4 (3.6) 

Starr County 
Mexican American 
(USA) 

Cases 837 (333/504) 56.5 (11.8) 46.7 (10.9) 10.0 (4.1) 31.8 (6.4) 
Affymetrix Human SNP Array 6.0 

Controls 436 (137/299) 37.6 (9.0)  4.7 (0.5) 29.5 (6.5) 

 
(b) European ancestry “validation” meta-analysis. 

 
Study Ethnic group 

(country of origin) 
Case-control 
status 

Sample characteristics Genotyping array 

Sample size 
(males/females) 

Age (years) 
mean (SD) 

Age at onset (years) 
mean (SD) 

Fasting glucose (mmol/l) 
mean (SD) 

BMI (kg/m2) 
mean (SD) 

AMC-PAS 
European 
(Netherlands) 

Cases 48 (35/13) 44.0 (4.7) N/A 8.6 (3.2) 29.3 (4.4) 
Metabochip 

Controls 442 (333/109) 43.2 (5.3)  5.3 (0.6) 26.6 (4.1) 

BHS 
European 
(Australia) 

Cases 51 (38/13) 72.3 (7.8) N/A 7.8 (4.0) 27.2 (3.9) 
Metabochip 

Controls 359 (224/135) 70.0 (9.6)  5.1 (0.9) 26.6 (3.9) 

deCODE Stage 2 
European 
(Iceland) 

Cases 722 (433/289) 67.3 (13.6) N/A N/A 31.2 (6.3) 
Metabochip 

Controls 10,153 (6,604/3,549) 44.3 (26.5)  N/A N/A 

DILGOM 
European 
(Finland) 

Cases 541 (298/243) 60.5 (10.3) N/A N/A 30.1 (5.6) 
Metabochip 

Controls 3,357 (1,480/1,877) 50.9 (13.5)  N/A 26.5 (4.5) 

DUNDEE 
European 
(UK) 

Cases 3,298 (1,940/1,358) 63.5 (9.6) 55.9 (8.9) N/A 31.9 (6.3) 
Metabochip 

Controls 3,708 (1,918/1,790) 59.1 (11.3)  4.9 (0.5) 27.0 (4.5) 

EAS 
European 
(UK) 

Cases 110 (64/46) 64.0 (5.6) N/A N/A 25.9 (3.3) 
Metabochip 

Controls 641 (301/340) 64.5 (5.6)  N/A 25.5 (3.9) 

EGCUT 
European 
(Estonia) 

Cases 938 (342/596) 64.1 (10.5) N/A N/A 33.4 (5.4) 
Metabochip 

Controls 915 (326/589) 51.7 (10.7)  N/A 22.3 (2.5) 

EMIL-ULM 
European 
(Germany) 

Cases 755 (510/245) 48.7 (12.0) 45.5 (10.8) N/A 28.6 (7.1) 
Metabochip 

Controls 1,632 (765/867) 45.1 (10.9)  N/A 26.7 (5.0) 

EPIC 
European 
(UK) 

Cases 727 (432/295) 61.8 (8.2) N/A N/A 29.5 (4.4) 
Metabochip 

Controls 927 (393/534) 58.8 (9.4)  N/A 26.1 (3.7) 

FUSION Stage 2 
European 
(Finland) 

Cases 1,037 (584/453) 59.7 (8.4) N/A 7.7 (2.3) 30.8 (5.4) 
Metabochip 

Controls 1,157 (691/466) 59.0 (7.6)  5.4 (0.4) 26.9 (3.9) 
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D2D2007 
European 
(Finland) 

Cases 454 (269/185) 63.4 (7.6) N/A 7.7 (1.8) 30.6 (5.6) 
Metabochip 

Controls 1,229 (455/774) 58.1 (8.2)  5.6 (0.3) 26.2 (4.3) 

Dr’s Extra 
European 
(Finland) 

Cases 110 (53/57) 68.4 (5.8) N/A 6.6 (0.8) 30.9 (5.6) 
Metabochip 

Controls 785 (341/444) 66.0 (5.3)  5.4 (0.3) 26.7 (4.0) 

HUNT 
European 
(Norway) 

Cases 1,239 (628/611) 64.0 (12.9) 61.9 (11.9) N/A 29.2 (4.8) 
Metabochip 

Controls 1,375 (691/684) 63.5 (13.9)  N/A 26.5 (4.0) 

METSIM 
European 
(Finland) 

Cases 1,169 (1,169/0) 60.5 (6.6) 57.0 (8.0) 7.5 (2.0) 30.2 (5.2) 
Metabochip 

Controls 651 (651/0) 53.8 (5.0)  5.5 (0.3) 25.9 (3.1) 

GMetS 
European 
(France) 

Cases 507 (334/173) 55.9 (9.9) N/A N/A 28.5 (3.9) 
Metabochip 

Controls 2,553 (1,134/1,419) 47.3 (11.1)  N/A 24.8 (3.8) 

HNR 
European 
(Germany) 

Cases 520 (315/205) 62.6 (7.2) N/A N/A 30.4 (5.2) 
Metabochip 

Controls 3,932 (1,911/2,021) 59.2 (7.8)  N/A 27.5 (4.4) 

IMPROVE 
European 
(Sweden) 

Cases 898 (513/385) 64.3 (5.6) N/A 7.7 (2.2) 29.2 (4.6) 
Metabochip 

Controls 2,521 (1,134/1,387) 64.2 (5.3)  5.3 (0.7) 26.5 (3.9) 

KORAGen Stage 2 
European 
(Germany) 

Cases 940 (504/436) 61.6 (10.0) N/A N/A 30.8 (5.4) 
Metabochip 

Controls 4,209 (2,000/2,209) 53.8 (13.2)  N/A 27.2 (4.6) 

PIVUS 
European 
(Sweden) 

Cases 113 (70/43) 70.2 ( 0.2 ) N/A N/A 29.5 (5.1) 
Metabochip 

Controls 864 (419/445) 70.2 ( 0.2)  N/A 26.8 (4.2) 

PMB 
European 
(Sweden/Finland) 

Cases 4,976 (2,911/2,065) 58.8 (12.5) N/A N/A 28.2 (8.7) 
Metabochip 

Controls 3,500 (1,700/1,800) 58.3 (8.4)  N/A 26.4 (4.4) 

SCARFSHEEP 
European 
(Sweden) 

Cases 341 (246/95) 59.6 (7.0) N/A 8.12(5.4) 27.4 (8.4) 
Metabochip 

Controls 3,073 (2,211/862) 57.9 (7.3)  4.0 (3.8) 25.4 (6.1) 

STR 
European 
(Sweden) 

Cases 320 (141/179) 71.5 (9.3) N/A N/A 27.0 (4.1) 
Metabochip 

Controls 1,318 (612/706) 74.3 (10.5)  N/A 24.9 (3.8) 

THISEAS 
European 
(Greece) 

Cases 327 (229/98) 63.6 (10.6) N/A 8.0 (2.6) 29.4 (4.8) 
Metabochip 

Controls 1,180 (643/537) 58.2 (13.6)  5.3 (0.6) 28.3 (5.0) 

ULSAM 
European 
(Sweden) 

Cases 233 (233/0) 71.0 ( 0.6 ) N/A N/A 27.7 (3.8) 
Metabochip 

Controls 942 (942/0) 71.0 (0.6)  N/A 25.9 (3.2) 

WARREN2 
European 
(UK) 

Cases 1,117 (647/470) N/A 45.5 (11.0) N/A 32.2 (6.6) 
Metabochip 

Controls 4,224 (2,394/1,830) N/A  N/A N/A 
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Supplementary Table 2.  Summary of study-specific quality control, imputation and analysis. 
 

(a) Trans-ethnic meta-analysis. 
 
Study Ethnic group 

(Country of origin) 
Sample quality control SNP quality control Imputation Analysis 

Call rate Exclusions Call rate HWE MAF Imputation Passed SNPs Software Reference panel Software Covariates λGC 

ARIC European 
(USA) 

≥0.95 Relatedness and 
duplicates 

≥0.90 p>10-6 ≥0.01 r2>0.3 2,443,161 MACH HapMap2  
CEU 

ProbABEL Age, sex, and study 
centre 

1.01 

deCODE European 
(Iceland) 

≥0.98 Duplicates ≥0.96 p>10-6 ≥0.01 proper-info>0.5 2,338,113 IMPUTE HapMap2  
CEU 

SNPTEST None 1.31 

DGDG European 
(France) 

≥0.95 Duplicates ≥0.95 p>10-4 ≥0.01 proper-info>0.5 2,051,387 IMPUTE HapMap2  
CEU 

SNPTEST None 1.10 

DGI European 
(Sweden/Finland) 

≥0.95 Duplicates ≥0.95 p>10-6 ≥0.01 proper-info>0.5 2,230,032 IMPUTE HapMap2  
CEU 

PLINK and SNPTEST Age, sex, BMI, and 
study centre 

1.06 

EUROSPAN European 
(various isolates) 

≥0.98 Duplicates ≥0.98 p>10-6 ≥0.01 r2>0.5 2,359,525 MACH HapMap2  
CEU 

GenABEL and 
SNPTEST 

Age and sex 0.98 

FHS European 
(USA) 

≥0.95 Duplicates ≥0.95 p>10-6 ≥0.01 r2>0.3 2,389,929 MACH HapMap2  
CEU 

R (GEE correction 
for relatedness) 

Age, sex, and cohort 1.02 

FUSION European 
(Finland) 

≥0.975 Duplicates ≥0.90 p>10-6 ≥0.01 r2>0.3 2,413,085 MACH HapMap2  
CEU 

MACH2DAT Age, sex, and birth 
province 

1.04 

HPFS European 
(USA) 

≥0.95 Relatedness and 
duplicates 

≥0.95 p>10-6 ≥0.01 N/A 622,575 N/A N/A PLINK Age and BMI 1.03 

KORAGen European 
(Germany) 

≥0.93 Duplicates ≥0.95 p>10-6 ≥0.01 proper-info>0.5 2,325,232 IMPUTE HapMap2  
CEU 

SNPTEST Age and sex 1.04 

NHS European 
(USA) 

≥0.98 Relatedness and 
duplicates 

≥0.98 p>10-6 ≥0.02 N/A 615,391 N/A N/A PLINK Age and BMI 0.98 

RS1 European 
(Netherlands) 

≥0.975 Duplicates ≥0.98 p>10-6 ≥0.01 r2>0.5 2,439,672 MACH HapMap2 
CEU 

GenABEL and 
SNPTEST 

None 1.01 

WTCCC European 
(UK) 

≥0.97 Duplicates ≥0.95 (≥0.99 for 
MAF<0.05) 

p>10-3 ≥0.01 proper-info>0.5 2,308,535 IMPUTE HapMap2  
CEU 

PLINK and SNPTEST None 1.08 

CAGE East Asian 
(Japan) 

≥0.90 Relatedness, duplicates 
and ethnic outliers 

≥0.95 p>10-6 ≥0.01 r2>0.3 1,988,685 IMPUTE HapMap2 
CHB+JPT 

PLINK Sex and BMI 1.06 

CLHNS East Asian 
(Philippines) 

≥0.97 Duplicates ≥0.90 p>10-6 ≥0.01 r2>0.3 2,049,920 MACH HapMap2 
CHB+JPT+CEU 

MACH2DAT BMI and PCs 1.01 

KARE East Asian 
(Korea) 

≥0.98 Relatedness, duplicates 
and ethnic outliers 

≥0.95 p>10-6 ≥0.01 proper-info>0.5 1,419,177 IMPUTE HapMap2 
CHB+JPT 

PLINK Sex, BMI and study 
centre 

1.01 

SDCS/SP2(1) East Asian 
(Singapore) 

≥0.95 Relatedness, duplicates 
and ethnic outliers 

≥0.95 p>10-6 N/A proper-info>0.5 1,965,414 IMPUTE HapMap2 
CHB+JPT 

SNPTEST Sex and BMI 1.05 

SDCS/SP2(2) East Asian 
(Singapore) 

≥0.95 Relatedness, duplicates 
and ethnic outliers 

≥0.95 p>10-6 N/A proper-info>0.5 2,248,003 IMPUTE HapMap2 
CHB+JPT 

SNPTEST Sex and BMI 1.06 

SDGS East Asian 
(China) 

≥0.95 Relatedness and 
duplicates 

≥0.95 p>10-5 ≥0.05 r2>0.3 2,241,970 MACH HapMap2 
CHB+JPT 

MACH2DAT, PLINK BMI 1.04 

SiMES East Asian 
(Singapore) 

≥0.95 Relatedness, duplicates 
and ethnic outliers 

≥0.95 p>10-6 N/A proper-info>0.5 1,625,733 IMPUTE HapMap2 
CHB+JPT+CEU+YRI 

SNPTEST Sex, BMI and PCs 1.04 

TDS East Asian 
(China) 

N/A N/A ≥0.95 p>10-6 ≥0.05 r2>0.3 1,890,143 MACH HapMap2 
CHB+JPT 

SAS Sex and BMI 1.04 

LOLIPOP610 South Asian 
(UK) 

≥0.95 Relatedness, duplicates, 
and ethnic outliers 

≥0.95 p>10-6 ≥0.01 r2>0.3 2,220,688 MACH HapMap2 
CHB+JPT+CEU+YRI 

MACH2DAT, PLINK Study centre, CHD, 
and PCs 

1.02 

LOLIPOP317 South Asian ≥0.95 Relatedness, duplicates, ≥0.95 p>10-6 ≥0.01 r2>0.3 1,950,903 MACH HapMap2 MACH2DAT, PLINK PCs 1.01 
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(UK) and ethnic outliers CHB+JPT+CEU+YRI 

PROMIS South Asian 
(Pakistan) 

≥0.95 Relatedness  ≥0.97 p>10-6 ≥0.01 proper-info>0.4 2,527,357 IMPUTE HapMap2&3 
CEU+GIH 

SNPTEST v2 PCs 1.01 

SINDI South Asian 
(Singapore) 

≥0.95 Relatedness, duplicates, 
and ethnic outliers 

≥0.95 p>10-6 ≥0.01 proper-info>0.3 2,035,725 IMPUTE HapMap2 
CHB+JPT+CEU+YRI 

SNPTEST PCs 1.03 

Mexico City Mexican 
(Mexico) 

≥0.95 Relatedness and 
duplicates 

≥0.95 p>10-4  
(controls) 

≥0.05 proper-info>0.5 1,829,070 IMPUTE HapMap2&3 CHB+ 
JPT+CEU+YRI+MXL 

SNPTEST Age, sex, and PCs 1.03 

Starr County Mexican American 
(USA) 

≥0.90 Relatedness and 
duplicates 

≥0.90 None ≥0.05 r2 >0.7 1,782,420 MACH HapMap2 
CHB+JPT+CEU+YRI 

SNPTEST Age and sex 1.03 

 
(b) European ancestry “validation” meta-analysis. 

 
Study Ethnic group 

(Country of origin) 
Sample quality control SNP quality control Imputation Analysis 

Call rate Exclusions Call rate HWE MAF Imputation Passed SNPs Software Reference panel Software Covariates λQT 

AMC-PAS European 
(Netherlands) 

≥0.95 Duplicates and ethnic 
outliers 

≥0.98 p>10-4 ≥0.01 N/A 109,525 N/A N/A PLINK Age and sex 1.00  

BHS European 
(Australia) 

≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 119,893 N/A N/A PLINK Age and sex 0.96  

deCODE Stage 2 European 
(Iceland) 

N/A N/A N/A N/A ≥0.01 N/A 125,236 N/A N/A SNPTEST Sex 0.95  

DILGOM European 
(Finland) 

≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 116,634 N/A N/A PLINK Age, sex, and PCs 0.93  

DUNDEE European 
(UK) 

≥0.95 Duplicates and ethnic 
outliers 

≥0.95 (≥0.99 for 
MAF<0.05) 

p>5.7x10-7  ≥0.01 N/A 121,365 N/A N/A PLINK PCs 1.07  

EAS European 
(UK) 

≥0.95  ≥0.95 p>10-6 ≥0.01 N/A 119,523 N/A N/A PLINK Age and sex 1.00  

EGCUT European 
(Estonia) 

≥0.95 Relatedness and ethnic 
outliers 

≥0.95 p>10-6 ≥0.01 N/A 120,720 N/A N/A SNPTEST Age, sex, and PCs 1.00  

EMIL-ULM European 
(Germany) 

≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 121,684 N/A N/A PLINK Age and sex 1.14  

EPIC European 
(UK) 

≥0.95 Duplicates ≥0.90 p>10-6 ≥0.01 N/A 120,527 N/A N/A PLINK Age and sex 0.97  

FUSION Stage 2 European 
(Finland) 

≥0.98 Relatedness ≥0.98 p>10-5 ≥0.01 N/A 123,853 N/A N/A PLINK Age and sex 0.97  

D2D2007 European 
(Finland) 

≥0.98 Relatedness ≥0.98 p>10-5 ≥0.01 N/A 123,461 N/A N/A PLINK Age and sex 0.96  

Dr’s Extra European 
(Finland) 

≥0.98 Relatedness ≥0.98 p>10-5 ≥0.01 N/A 120,746 N/A N/A PLINK Age and sex 0.94  

HUNT European 
(Norway) 

≥0.98 Relatedness ≥0.98 p>10-5 ≥0.01 N/A 125,644 N/A N/A PLINK Age, sex and 
collection site 

1.10  

METSIM European 
(Finland) 

≥0.98 Relatedness ≥0.98 p>10-5 ≥0.01 N/A 122,600 N/A N/A PLINK Age 1.01  

GMetS European 
(France) 

≥0.95 Duplicates ≥0.95 p>10-4 ≥0.01 N/A 123,359 N/A N/A PLINK Age, sex, and BMI 1.11  

HNR European 
(Germany) 

≥0.97 Relatedness and ethnic 
outliers 

≥0.95 p>10-6 ≥0.01 N/A 126,675 N/A N/A PLINK Age and sex 1.00  

IMPROVE European 
(Sweden) 

≥0.95 Relatedness and ethnic 
outliers 

≥0.95 p>10-6 ≥0.01 N/A 122,320 N/A N/A PLINK Age, sex, and PCs 1.13  

KORAGen Stage 2 European ≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 120,547 N/A N/A PLINK Age and sex 1.02  
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(Germany) 

PIVUS European 
(Sweden) 

≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 120,892 N/A N/A PLINK Age and sex 0.97  

PMB European 
(Sweden/Finland) 

≥0.95 Relatedness and ethnic 
outliers  

≥0.95 p>10-6 ≥0.01 N/A 119,674 N/A N/A PLINK PCs 1.05  

SCARFSHEEP European 
(Sweden) 

≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 121,792 N/A N/A PLINK Age, sex, PCs, and MI  1.00  

STR European 
(Sweden) 

≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 119,375 N/A N/A PLINK Age, sex, PCs and 
CAD 

0.98  

THISEAS European 
(Greece) 

≥0.95 N/A ≥0.95 p>10-6 ≥0.01 N/A 120,509 N/A N/A PLINK Age and sex 0.99  

ULSAM European 
(Sweden) 

≥0.95 Duplicates and ethnic 
outliers 

≥0.98 p>10-4 ≥0.01 N/A 108,868 N/A N/A PLINK Age 1.00  

WARREN2 European 
(UK) 

≥0.95 Relatedness ≥0.95 p>10-6 ≥0.01 N/A 119,018 N/A N/A PLINK Age and sex 0.95  
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Supplementary Table 3.  Association summary statistics in each ancestry group (European, East Asian, South Asian, and Mexican and 
Mexican American) for previously reported lead SNPs at established autosomal T2D susceptibility loci and assessment of heterogeneity in 
allelic effects after fixed-effects trans-ethnic GWAS meta-analysis of 26,488 cases and 83,964 controls.  
 

Locus Lead SNP Chr 
Build 36 

position (bp) 

Alleles 
European 

12,171 cases and 56,862 controls 
East Asian 

6,952 cases and 11,865 controls 
South Asian 

5,561 cases and 14,458 controls 
Mexican and Mexican American 

1,804 cases and 779 controls 
Trans-ethnic  

meta-analysis 

Risk Other RAF OR (95% CI) p-value RAF OR (95% CI) p-value RAF OR (95% CI) p-value RAF OR (95% CI) p-value p-value 
Cochran’s Q 

p-value 

TCF7L2 rs7903146 10 114,748,339 T C 0.30 1.40 (1.35-1.46) 1.9E-59 0.05 1.18 (1.03-1.35) 1.6E-02 0.31 1.25 (1.19-1.32) 3.6E-19 0.23 1.16 (0.97-1.38) 1.1E-01 7.8E-75 5.5E-04 

PEPD rs3786897 19 38,584,848 A G 0.57 1.02 (0.98-1.06) 3.3E-01 0.40 1.17 (1.10-1.24) 3.5E-07 0.72 1.04 (0.99-1.10) 1.5E-01 0.74 0.90 (0.76-1.07) 2.3E-01 3.3E-04 5.5E-04 

KLF14 rs13233731 7 130,088,229 G A 0.49 1.10 (1.06-1.13) 1.7E-07 0.68 0.99 (0.94-1.04) 6.5E-01 0.61 0.99 (0.94-1.04) 6.1E-01 0.61 1.07 (0.93-1.23) 3.4E-01 7.0E-04 6.4E-04 

CDKAL1 rs7756992 6 20,787,688 G A 0.26 1.20 (1.16-1.25) 1.1E-21 0.60 1.14 (1.09-1.20) 4.8E-08 0.27 1.06 (1.01-1.12) 2.0E-02 0.34 1.09 (0.94-1.27) 2.4E-01 1.6E-26 2.6E-03 

VPS26A rs1802295 10 70,601,480 T C 0.33 1.02 (0.98-1.06) 3.0E-01 0.22 1.01 (0.94-1.09) 8.0E-01 0.27 1.13 (1.07-1.20) 7.7E-06 N/A N/A N/A 1.4E-03 4.4E-03 

GCC1 rs6467136 7 126,952,194 G A 0.55 0.99 (0.95-1.03) 5.5E-01 0.68 1.11 (1.05-1.18) 2.4E-04 0.56 1.01 (0.96-1.06) 7.6E-01 0.49 0.96 (0.84-1.10) 5.8E-01 2.0E-01 5.6E-03 

TSPAN8 rs7955901 12 69,719,560 C T 0.47 1.09 (1.05-1.13) 9.0E-06 0.49 0.97 (0.92-1.02) 2.7E-01 0.42 1.03 (0.98-1.08) 2.3E-01 0.54 1.00 (0.87-1.14) 9.9E-01 1.6E-03 6.1E-03 

GCKR rs780094 2 27,594,741 C T 0.62 1.04 (1.00-1.08) 3.2E-02 0.38 1.06 (1.01-1.11) 2.1E-02 0.75 1.19 (1.11-1.29) 4.2E-06 0.65 0.99 (0.85-1.14) 8.5E-01 1.0E-05 8.7E-03 

GRB14 rs3923113 2 165,210,095 A C 0.61 1.04 (1.00-1.09) 4.0E-02 0.77 1.03 (0.95-1.12) 4.8E-01 0.75 1.15 (1.09-1.21) 8.9E-07 0.76 1.22 (1.03-1.45) 2.3E-02 1.5E-06 1.3E-02 

BCAR1 rs7202877 16 73,804,746 T G 0.90 1.15 (1.07-1.23) 5.0E-05 0.64 1.00 (0.93-1.07) 1.0E+00 0.93 1.06 (0.97-1.16) 1.9E-01 0.93 1.38 (1.02-1.87) 3.5E-02 5.7E-04 1.3E-02 

ZFAND3 rs9470794 6 38,214,822 C T 0.19 0.99 (0.93-1.06) 8.1E-01 0.32 1.11 (1.05-1.18) 2.4E-04 0.12 1.07 (0.99-1.15) 7.3E-02 0.08 0.82 (0.63-1.06) 1.2E-01 3.6E-03 1.4E-02 

PSMD6 rs831571 3 64,023,337 C T 0.81 1.03 (0.99-1.08) 1.8E-01 0.45 1.11 (1.05-1.16) 4.5E-05 0.79 1.03 (0.98-1.09) 2.6E-01 0.91 0.80 (0.63-1.01) 6.3E-02 3.7E-04 1.5E-02 

CILP2 rs10401969 19 19,268,718 C T 0.07 1.13 (1.05-1.21) 9.3E-04 0.42 1.01 (0.90-1.12) 8.9E-01 0.10 1.00 (0.92-1.09) 9.7E-01 0.04 1.59 (1.08-2.35) 1.8E-02 9.7E-03 2.0E-02 

RASGRP1 rs7403531 15 36,610,197 T C 0.22 1.02 (0.98-1.06) 3.8E-01 0.55 1.08 (1.02-1.13) 3.8E-03 0.25 0.97 (0.92-1.03) 3.5E-01 0.39 0.90 (0.77-1.05) 1.8E-01 1.5E-01 2.1E-02 

RBMS1 rs7593730 2 160,879,700 C T 0.79 1.11 (1.06-1.16) 4.3E-06 0.72 1.00 (0.94-1.07) 9.2E-01 0.79 1.01 (0.95-1.07) 7.7E-01 0.86 1.05 (0.86-1.28) 6.2E-01 4.7E-04 2.7E-02 

TLE4 rs17791513 9 81,095,410 A G 0.93 1.21 (1.13-1.31) 4.3E-07 0.90 1.00 (0.89-1.11) 9.4E-01 0.87 1.12 (1.05-1.21) 1.1E-03 0.85 1.21 (0.99-1.47) 6.6E-02 3.2E-08 3.0E-02 

ZBED3 rs6878122 5 76,463,067 G A 0.25 1.13 (1.07-1.18) 3.2E-06 0.09 1.08 (0.94-1.24) 3.0E-01 0.20 1.01 (0.96-1.08) 6.4E-01 N/A N/A N/A 6.3E-05 3.1E-02 

HHEX/IDE rs1111875 10 94,452,862 C T 0.58 1.15 (1.11-1.19) 1.2E-14 0.34 1.15 (1.09-1.22) 2.3E-06 0.44 1.07 (1.02-1.12) 6.9E-03 0.64 1.00 (0.87-1.16) 9.6E-01 3.2E-19 3.4E-02 

CDC123 rs11257655 10 12,347,900 T C 0.23 1.06 (1.01-1.11) 1.7E-02 0.61 1.15 (1.09-1.23) 3.4E-06 0.23 1.12 (1.06-1.18) 5.9E-05 0.30 0.96 (0.81-1.13) 6.2E-01 2.6E-09 4.3E-02 

ARAP1 (CENTD2) rs1552224 11 72,110,746 A C 0.83 1.13 (1.08-1.19) 1.5E-06 0.89 1.16 (1.05-1.28) 2.5E-03 0.83 1.04 (0.98-1.11) 2.2E-01 N/A N/A N/A 1.2E-07 5.5E-02 

KCNQ1 rs163184 11 2,803,645 G T 0.50 1.09 (1.04-1.13) 4.3E-05 0.39 1.16 (1.10-1.23) 1.6E-08 0.53 1.08 (1.03-1.13) 1.2E-03 0.48 1.23 (1.06-1.43) 6.6E-03 1.7E-14 5.8E-02 

NOTCH2 rs10923931 1 120,319,482 T G 0.11 1.10 (1.04-1.17) 5.8E-04 0.05 1.00 (0.86-1.16) 9.9E-01 0.18 1.01 (0.95-1.07) 8.3E-01 0.10 0.89 (0.70-1.13) 3.3E-01 1.7E-02 6.8E-02 

JAZF1 rs849135 7 28,162,938 G A 0.52 1.12 (1.08-1.17) 1.9E-09 0.51 1.01 (0.76-1.33) 9.5E-01 0.73 1.04 (0.98-1.10) 1.6E-01 0.67 1.19 (1.03-1.38) 1.9E-02 1.7E-09 6.9E-02 

KCNJ11 rs5215 11 17,365,206 C T 0.38 1.08 (1.04-1.12) 1.1E-05 0.35 1.14 (1.09-1.20) 1.6E-07 0.37 1.04 (0.99-1.09) 1.1E-01 0.39 1.11 (0.96-1.28) 1.8E-01 3.2E-11 7.2E-02 

DGKB rs17168486 7 14,864,807 T C 0.19 1.13 (1.07-1.19) 2.1E-06 0.58 1.08 (1.02-1.14) 5.5E-03 0.30 1.04 (0.99-1.10) 1.1E-01 0.45 0.96 (0.82-1.13) 6.5E-01 3.4E-07 7.6E-02 

THADA rs10203174 2 43,543,534 C T 0.90 1.15 (1.08-1.21) 4.7E-06 0.99 1.57 (0.46-5.34) 4.7E-01 0.85 1.01 (0.92-1.11) 8.3E-01 N/A N/A N/A 4.8E-05 8.3E-02 

KCNK16 rs1535500 6 39,392,028 T G N/A N/A N/A 0.59 1.13 (1.08-1.19) 1.8E-06 0.50 1.04 (0.98-1.10) 2.3E-01 0.48 1.06 (0.92-1.22) 4.2E-01 7.5E-06 9.2E-02 

ST64GAL1 rs16861329 3 188,149,155 C T 0.85 1.03 (0.96-1.10) 4.1E-01 0.60 0.92 (0.86-0.99) 1.8E-02 0.77 1.13 (1.07-1.19) 2.2E-05 N/A N/A N/A 8.5E-06 1.1E-01 

MTNR1B rs10830963 11 92,348,358 G C 0.27 1.11 (1.06-1.16) 2.5E-06 0.59 1.00 (0.93-1.08) 9.5E-01 0.37 1.10 (1.03-1.16) 2.3E-03 0.22 1.12 (0.94-1.33) 2.2E-01 2.0E-07 1.2E-01 

PTPRD rs17584499 9 8,869,118 T C 0.18 1.00 (0.94-1.07) 9.4E-01 0.22 1.09 (1.00-1.19) 4.0E-02 0.26 0.98 (0.93-1.04) 5.5E-01 N/A N/A N/A 6.0E-01 1.2E-01 

PROX1 rs2075423 1 212,221,342 G T 0.66 1.08 (1.04-1.12) 1.6E-04 0.73 1.10 (1.02-1.18) 1.3E-02 0.75 1.03 (0.98-1.09) 2.9E-01 0.72 1.23 (1.05-1.46) 1.2E-02 2.2E-06 1.4E-01 

HNF4A rs4812829 20 42,422,681 A G 0.16 1.07 (1.01-1.12) 1.3E-02 0.33 1.07 (1.01-1.13) 1.6E-02 0.29 1.13 (1.08-1.19) 1.6E-06 0.51 0.98 (0.84-1.14) 7.8E-01 4.6E-08 1.5E-01 

GIPR rs8108269 19 50,850,353 G T 0.30 1.06 (1.02-1.11) 5.0E-03 0.40 1.12 (1.05-1.19) 3.5E-04 0.32 1.06 (1.01-1.11) 2.8E-02 0.44 0.93 (0.80-1.09) 3.8E-01 4.9E-06 1.5E-01 

HMGA2 rs2261181 12 64,498,585 T C 0.09 1.16 (1.10-1.23) 3.9E-07 0.19 1.09 (1.01-1.18) 2.3E-02 0.18 1.07 (1.00-1.13) 3.6E-02 0.08 0.99 (0.78-1.28) 9.6E-01 3.6E-08 1.8E-01 

SPRY2 rs1359790 13 79,615,157 G A 0.73 1.10 (1.05-1.14) 3.2E-06 0.68 1.05 (0.99-1.11) 1.0E-01 0.83 1.02 (0.96-1.09) 4.7E-01 0.60 1.02 (0.89-1.18) 7.6E-01 5.8E-06 2.2E-01 

AP3S2 rs2028299 15 88,175,261 C A 0.29 1.04 (1.00-1.09) 4.4E-02 0.26 1.08 (1.02-1.14) 1.3E-02 0.32 1.11 (1.05-1.16) 4.5E-05 0.16 1.17 (0.97-1.42) 1.0E-01 5.2E-07 2.4E-01 

ADAMTS9 rs6795735 3 64,680,405 C T 0.59 1.07 (1.03-1.10) 4.4E-04 0.35 1.00 (0.94-1.05) 9.1E-01 0.28 1.06 (1.01-1.12) 2.5E-02 0.25 1.06 (0.91-1.24) 4.6E-01 2.1E-04 2.5E-01 

GCK  rs10278336 7 44,211,888 A G 0.54 1.05 (1.01-1.09) 2.7E-02 0.51 1.01 (0.93-1.08) 9.0E-01 0.55 1.00 (0.95-1.04) 8.6E-01 N/A N/A N/A 1.3E-01 2.6E-01 

ZFAND6 rs11634397 15 78,219,277 G A 0.64 1.09 (1.05-1.13) 1.8E-05 0.13 1.00 (0.90-1.11) 9.9E-01 0.53 1.05 (0.99-1.12) 7.6E-02 N/A N/A N/A 1.4E-05 2.8E-01 
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FTO rs9936385 16 52,376,670 C T 0.39 1.13 (1.09-1.18) 3.2E-10 0.42 1.09 (1.01-1.17) 3.4E-02 0.32 1.07 (1.02-1.13) 1.0E-02 0.27 1.17 (1.00-1.37) 5.7E-02 1.2E-12 3.0E-01 

GLIS3 rs7041847 9 4,277,466 A G 0.50 1.05 (1.01-1.09) 1.4E-02 0.43 1.10 (1.05-1.15) 9.3E-05 0.56 1.04 (0.99-1.08) 1.5E-01 0.63 1.07 (0.93-1.24) 3.5E-01 5.4E-06 3.1E-01 

CCND2 rs11063069 12 4,244,634 G A 0.21 1.10 (1.04-1.15) 3.2E-04 0.05 0.97 (0.84-1.13) 7.0E-01 0.12 1.02 (0.92-1.14) 6.8E-01 0.11 1.15 (0.92-1.43) 2.1E-01 7.5E-04 3.2E-01 

IGF2BP2 rs4402960 3 186,994,381 T G 0.31 1.13 (1.09-1.17) 1.8E-10 0.42 1.08 (1.02-1.13) 5.9E-03 0.42 1.12 (1.07-1.18) 1.9E-06 0.25 1.22 (1.04-1.43) 1.3E-02 9.5E-18 3.3E-01 

TMEM163 rs6723108 2 135,196,450 T G 0.48 1.01 (0.97-1.05) 7.2E-01 0.50 1.90 (0.65-5.56) 2.4E-01 0.85 1.05 (0.97-1.15) 2.4E-01 N/A N/A N/A 4.0E-01 3.3E-01 

PPARG rs1801282 3 12,368,125 C G 0.88 1.16 (1.10-1.23) 1.7E-08 0.93 1.15 (1.01-1.30) 3.2E-02 0.87 1.09 (1.00-1.18) 4.1E-02 N/A N/A N/A 5.7E-10 3.5E-01 

HNF1B rs4430796 17 33,172,153 G A 0.53 1.13 (1.07-1.09) 6.6E-06 0.42 1.12 (1.05-1.19) 8.3E-04 0.37 1.07 (1.02-1.13) 4.2E-03 N/A N/A N/A 8.9E-10 3.6E-01 

PRC1 rs12899811 15 89,345,080 G A 0.30 1.09 (1.04-1.13) 7.1E-05 0.52 1.16 (1.00-1.35) 5.1E-02 0.55 1.05 (1.00-1.10) 3.6E-02 0.66 1.17 (1.01-1.36) 4.3E-02 5.7E-07 3.9E-01 

CDKN2A/B rs10811661 9 22,124,094 T C 0.82 1.18 (1.13-1.24) 1.2E-12 0.67 1.25 (1.17-1.32) 6.3E-13 0.87 1.20 (1.11-1.31) 1.4E-05 N/A N/A N/A 1.1E-27 3.9E-01 

HNF1A rs12427353 12 119,911,284 G C 0.77 1.12 (1.07-1.18) 2.8E-06 N/A N/A N/A 0.95 1.04 (0.87-1.23) 6.9E-01 N/A N/A N/A 3.9E-06 3.9E-01 

GRK5 rs10886471 10 121,139,393 C T 0.49 0.99 (0.95-1.03) 6.1E-01 0.64 1.06 (0.99-1.13) 1.0E-01 0.60 1.01 (0.96-1.05) 8.3E-01 0.50 1.03 (0.88-1.20) 7.4E-01 6.1E-01 4.3E-01 

ANK1 rs516946 8 41,638,405 C T 0.77 1.10 (1.06-1.15) 2.1E-06 0.72 1.04 (0.97-1.12) 2.7E-01 0.80 1.08 (1.02-1.14) 1.0E-02 0.81 1.01 (0.85-1.20) 9.4E-01 1.5E-07 4.4E-01 

SRR rs391300 17 2,163,008 C T 0.62 1.00 (0.96-1.04) 9.5E-01 0.63 1.03 (0.97-1.09) 2.7E-01 0.51 0.99 (0.94-1.03) 6.1E-01 0.66 1.09 (0.92-1.28) 3.2E-01 6.8E-01 5.1E-01 

KLHDC5 rs10842994 12 27,856,417 C T 0.80 1.09 (1.04-1.13) 3.0E-04 0.65 1.03 (0.95-1.12) 5.2E-01 0.88 1.11 (1.03-1.20) 9.1E-03 0.85 1.14 (0.95-1.37) 1.7E-01 7.9E-06 5.3E-01 

TP53INP1 rs7845219 8 96,006,678 T C 0.53 1.08 (1.04-1.12) 3.2E-05 0.37 1.07 (1.01-1.13) 1.4E-02 0.42 1.07 (1.02-1.12) 4.9E-03 0.37 0.97 (0.84-1.12) 6.8E-01 6.4E-08 5.4E-01 

C2CD4A rs7163757 15 60,178,900 C T 0.56 1.06 (1.02-1.11) 2.2E-03 0.46 1.12 (1.04-1.20) 2.0E-03 0.62 1.05 (1.00-1.11) 4.1E-02 0.52 1.05 (0.91-1.21) 5.1E-01 3.6E-06 5.5E-01 

BCL11A rs243088 2 60,422,249 T A 0.46 1.09 (1.04-1.13) 2.6E-05 0.57 1.06 (1.00-1.13) 6.4E-02 0.53 1.04 (0.99-1.09) 1.1E-01 0.57 1.03 (0.89-1.20) 7.0E-01 3.2E-06 5.5E-01 

DUSP8 rs2334499 11 1,653,425 T C 0.40 1.07 (1.03-1.11) 1.3E-03 0.63 1.04 (0.98-1.10) 1.7E-01 0.28 1.02 (0.97-1.08) 4.2E-01 0.49 1.00 (0.87-1.15) 9.6E-01 1.0E-03 5.6E-01 

SLC30A8 rs3802177 8 118,254,206 G A 0.70 1.16 (1.11-1.22) 1.3E-10 0.64 1.11 (1.06-1.17) 2.6E-05 0.76 1.13 (1.07-1.19) 2.5E-05 0.75 1.14 (0.95-1.36) 1.5E-01 1.8E-18 6.2E-01 

WFS1 rs4458523 4 6,340,887 G T 0.59 1.09 (1.06-1.13) 5.8E-07 0.95 1.07 (0.96-1.20) 1.9E-01 0.68 1.07 (1.02-1.12) 1.0E-02 0.76 1.19 (1.01-1.39) 3.6E-02 2.1E-09 6.2E-01 

ANKRD55 rs459193 5 55,842,508 G A 0.74 1.05 (1.01-1.10) 2.7E-02 0.66 1.05 (1.00-1.11) 4.3E-02 0.64 1.03 (0.98-1.08) 2.7E-01 0.76 1.14 (0.97-1.34) 1.2E-01 8.9E-04 6.7E-01 

TLE1 rs2796441 9 83,498,768 G A 0.63 1.07 (1.03-1.12) 4.9E-04 0.51 1.10 (1.03-1.17) 6.1E-03 0.52 1.05 (1.00-1.10) 5.6E-02 0.51 1.07 (0.92-1.25) 3.6E-01 1.6E-06 7.7E-01 

IRS1 rs2943640 2 226,801,829 C A 0.63 1.09 (1.05-1.13) 4.8E-06 0.57 1.13 (1.02-1.25) 1.8E-02 0.76 1.09 (1.03-1.16) 6.3E-03 N/A N/A N/A 7.2E-09 7.9E-01 

UBE2E2 rs7612463 3 23,311,454 C A 0.87 1.10 (1.04-1.16) 1.6E-03 0.64 1.13 (1.06-1.20) 9.4E-05 0.78 1.09 (1.03-1.15) 3.7E-03 0.94 1.16 (0.86-1.56) 3.3E-01 6.7E-09 8.3E-01 

HMG20A rs7178572 15 75,534,245 G A 0.70 1.08 (1.04-1.13) 1.9E-04 0.59 1.09 (1.04-1.14) 4.4E-04 0.52 1.10 (1.05-1.15) 4.2E-05 0.66 1.15 (0.99-1.33) 6.7E-02 1.5E-11 8.4E-01 

ZMIZ1 rs12571751 10 80,612,637 A G 0.51 1.09 (1.06-1.13) 7.1E-07 0.47 1.07 (1.00-1.13) 3.7E-02 0.57 1.08 (1.03-1.14) 1.4E-03 0.50 1.09 (0.95-1.25) 2.3E-01 2.4E-10 9.3E-01 

ADCY5 rs11717195 3 124,565,088 T C 0.78 1.09 (1.05-1.14) 2.6E-05 0.50 1.18 (0.67-2.05) 5.7E-01 0.78 1.10 (1.04-1.17) 9.9E-04 0.73 1.15 (0.98-1.36) 8.9E-02 2.2E-08 9.4E-01 

MC4R rs12970134 18 56,035,730 A G 0.27 1.08 (1.03-1.12) 2.3E-04 0.37 1.07 (1.01-1.14) 3.0E-02 0.37 1.09 (1.04-1.15) 3.6E-04 0.15 1.06 (0.87-1.28) 5.6E-01 2.6E-08 9.5E-01 

RND3 rs7560163 2 151,346,182 C G N/A N/A N/A 0.74 1.05 (0.90-1.22) 5.5E-01 0.97 1.05 (0.84-1.30) 6.9E-01 N/A N/A N/A 4.7E-01 9.9E-01 

MAEA rs6815464 4 1,299,901 C G N/A N/A N/A 0.47 1.10 (1.04-1.16) 4.3E-04 N/A N/A N/A N/A N/A N/A 4.4E-04 N/A 
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Supplementary Table 4.  Concordance in the direction of effect of T2D risk alleles identified in meta-analyses of GWAS of European (12,171 
cases and 56,862 controls), East Asian (6,952 cases and 11,865 controls), South Asian (5,561 cases and 14,458 controls), and Mexican and 
Mexican American (1,804 cases and 779 controls) ancestry, after exclusion of the 69 established autosomal susceptibility loci, defined as 
mapping within 500kb of the previously reported lead SNP. 
 

p-value threshold 

Trans-ethnic concordance 

Concordant SNPs / 
Total SNPs % 

Binomial test 
p-value 

Concordant SNPs / 
Total SNPs % 

Binomial test 
p-value 

Concordant SNPs / 
Total SNPs % 

Binomial test 
p-value 

European  
meta-analysis 

European into  
East Asian 

European into  
South Asian 

European into  
Mexican and Mexican American 

p≤0.001 180/316 57.0 0.0077 175/316 55.4 0.032 179/316 56.6 0.010 

0.001<p≤0.01 877/1624 54.0 0.00068 861/1624 53.0 0.0080 886/1624 54.6 0.00013 

0.01<p≤0.5 2556/5053 50.6 0.21 2604/5053 51.5 0.015 2588/5053 51.2 0.043 

0.5<p≤1 2535/5039 50.3 0.34 2532/5039 50.2 0.37 2519/5039 50.0 0.51 

East Asian  
meta-analysis 

East Asian into 
European 

East Asian into 
South Asian 

East Asian into 
Mexican and Mexican American 

p≤0.001 233/416 56.0 0.0081 220/416 52.9 0.13 214/416 51.4 0.29 

0.001<p≤0.01 1117/2120 52.7 0.0071 1090/2120 51.4 0.10 1047/2120 49.4 0.72 

0.01<p≤0.5 2549/5075 50.2 0.38 2661/5075 52.4 0.00028 2539/5075 50.0 0.49 

0.5<p≤1 2561/5069 50.5 0.23 2555/5069 50.4 0.29 2563/5069 50.6 0.22 

South Asian  
meta-analysis 

South Asian into 
European 

South Asian into 
East Asian 

South Asian into 
Mexican and Mexican American 

p≤0.001 176/281 62.6 1.4x10
-5

 153/281 54.4 0.076 150/281 53.4 0.14 

0.001<p≤0.01 837/1552 53.9 0.0011 793/1552 51.1 0.20 788/1552 50.8 0.28 

0.01<p≤0.5 2625/5045 52.0 0.0020 2558/5045 50.7 0.16 2575/5045 51.0 0.071 

0.5<p≤1 2521/5037 50.0 0.48 2524/5037 50.1 0.44 2530/5037 50.2 0.38 

Mexican and Mexican 
American meta-analysis 

Mexican and Mexican American into 
European 

Mexican and Mexican American 
into East Asian 

Mexican and Mexican American 
into South Asian 

p≤0.001 155/282 55.0 0.054 143/282 50.7 0.43 151/282 53.5 0.13 

0.001<p≤0.01 796/1501 53.0 0.010 763/1501 50.8 0.27 745/1501 49.6 0.62 

0.01<p≤0.5 2542/5026 50.6 0.21 2518/5026 50.1 0.45 2542/5026 50.6 0.21 

0.5<p≤1 2539/5025 50.5 0.23 2521/5025 50.2 0.41 2531/5025 50.4 0.31 
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Supplementary Table 5.  T2D susceptibility loci attaining strong evidence of association (p<10-5), not previously reported at genome-wide 
significance in any ancestry group, identified through trans-ethnic “discovery” GWAS meta-analysis of 26,488 cases and 83,964 controls of 
European, East Asian, South Asian, and Mexican and Mexican American ancestry, and follow-up in a “validation” meta-analysis of an 
additional 21,491 cases and 55,647 controls of European ancestry, genotyped with the Metabochip. 
 

Locus Lead SNP 
Metabochip 
proxy SNP 

HapMap r
2
 

Chr 
Build 36 

position (bp) 

Alleles 
Trans-ethnic “discovery” 

 meta-analysis 
European ancestry “validation”  

meta-analysis 
Combined  

meta-analysis 

CEU 
CHB 
JPT Risk Other Sample size OR (95% CI) p-value Sample size OR (95% CI) p-value Sample size OR (95% CI) p-value 

Cochran’s Q 
p-value 

TMEM154 rs6813195    4 153,739,925 C T 110,214 1.08 (1.05-1.11) 4.2E-09 51,425 1.08 (1.05-1.11) 2.0E-06 161,639 1.08 (1.06-1.10) 4.1E-14 9.6E-01 

SSR1/RREB1 rs9502570 rs9505118 0.256 0.264 6 7,235,436 A G 106,952 1.06 (1.04-1.09) 1.9E-06 51,396 1.06 (1.03-1.09) 1.7E-04 158,348 1.06 (1.04-1.08) 1.4E-09 7.7E-01 

FAF1 rs17106184    1 50,682,573 G A 110,157 1.11 (1.07-1.16) 1.9E-06 51,428 1.09 (1.04-1.15) 4.8E-04 161,585 1.10 (1.07-1.14) 4.1E-09 6.1E-01 

POU5F1/TCF19 rs3132524 rs3130501 0.961 1.000 6 31,244,432 G A 106,231 1.07 (1.04-1.10) 1.5E-06 49,584 1.06 (1.03-1.10) 7.0E-04 155,815 1.07 (1.04-1.09) 4.2E-09 7.9E-01 

LPP rs6808574    3 189,223,217 C T 94,079 1.08 (1.04-1.11) 4.3E-06 46,008 1.06 (1.03-1.09) 2.6E-04 140,087 1.07 (1.04-1.09) 5.8E-09 4.8E-01 

ARL15 rs702634    5 53,307,177 A G 103,376 1.08 (1.05-1.11) 3.4E-07 51,421 1.05 (1.02-1.08) 2.1E-03 154,797 1.06 (1.04-1.09) 6.9E-09 1.7E-01 

MPHOSPH9 rs1727313 rs4275659 0.476 0.039 12 122,013,881 C T 110,015 1.06 (1.03-1.09) 5.5E-06 51,444 1.06 (1.02-1.09) 4.4E-04 161,459 1.06 (1.04-1.08) 9.5E-09 8.5E-01 

PLEKHA1 rs10510110 rs2421016 1.000 1.000 10 124,157,502 C T 107,847 1.05 (1.03-1.08) 1.9E-05 50,197 1.05 (1.02-1.08) 1.6E-03 158,044 1.05 (1.03-1.07) 1.1E-07 7.0E-01 

TMEM75 rs1561927    8 129,637,260 C T 104,569 1.08 (1.05-1.11) 1.9E-06 51,435 1.04 (1.01-1.08) 6.6E-03 156,004 1.06 (1.04-1.09) 1.2E-07 1.5E-01 

TMEM18 rs10190052    2 636,674 C T 104,516 1.09 (1.05-1.13) 7.5E-06 51,447 1.06 (1.02-1.10) 3.4E-03 155,963 1.07 (1.04-1.10) 1.5E-07 3.2E-01 

RNF6 rs10507349    13 25,679,528 G A 110,032 1.07 (1.04-1.09) 5.0E-06 51,447 1.05 (1.01-1.08) 6.7E-03 161,479 1.06 (1.04-1.08) 1.5E-07 4.6E-01 

VEGFA rs9472138    6 43,919,740 T C 106,235 1.07 (1.04-1.10) 3.0E-06 51,450 1.04 (1.01-1.07) 8.8E-03 157,685 1.06 (1.04-1.08) 2.0E-07 2.0E-01 

ETV1 rs7795991    7 13,867,256 G A 99,500 1.07 (1.04-1.10) 1.7E-06 51,446 1.03 (1.00-1.06) 3.1E-02 150,946 1.05 (1.03-1.07) 7.1E-07 8.4E-02 

PCBD2 rs319598    5 134,268,134 C T 104,492 1.06 (1.04-1.09) 7.7E-07 51,425 1.02 (0.99-1.05) 1.3E-01 155,917 1.05 (1.03-1.07) 2.2E-06 3.6E-02 

LYPLAL1 rs2820446    1 217,815,441 C G 110,143 1.06 (1.04-1.09) 6.9E-06 51,390 1.03 (1.00-1.06) 4.3E-02 161,533 1.05 (1.03-1.07) 2.3E-06 1.6E-01 

C6orf173 rs4273712    6 127,006,203 G A 100,585 1.07 (1.04-1.10) 1.2E-06 51,447 1.02 (0.99-1.06) 1.3E-01 152,032 1.05 (1.03-1.07) 3.0E-06 4.3E-02 

C10orf35 rs2812533 rs17578395 0.671 0.373 10 71,085,247 C A 107,876 1.08 (1.05-1.12) 3.9E-06 26,019 1.03 (0.99-1.08) 1.8E-01 133,895 1.07 (1.04-1.09) 5.0E-06 1.3E-01 

IL20RA rs6937795 rs4407733 1.000 1.000 6 137,340,845 A G 102,178 1.06 (1.03-1.09) 8.9E-06 49,574 1.03 (1.00-1.06) 7.5E-02 151,752 1.04 (1.02-1.06) 6.6E-06 1.1E-01 

CRHR2 rs2284219 rs2284218 1.000 0.888 7 30,680,858 T C 94,286 1.07 (1.04-1.10) 2.5E-06 26,033 1.02 (0.98-1.06) 3.0E-01 120,319 1.05 (1.03-1.08) 7.7E-06 7.3E-02 

PTEN rs10788575    10 89,758,564 A G 110,091 1.08 (1.04-1.11) 2.3E-06 51,440 1.02 (0.98-1.07) 2.7E-01 161,531 1.06 (1.03-1.08) 8.7E-06 5.3E-02 

CPNE4 rs6792706 rs9840453 1.000 0.955 3 133,260,155 T G 98,256 1.08 (1.05-1.12) 3.1E-06 51,395 1.03 (0.99-1.06) 1.3E-01 149,651 1.05 (1.03-1.08) 1.2E-05 2.7E-02 

THRAP2 rs7133159 rs10774811 0.799 0.602 12 114,349,025 T C 103,559 1.06 (1.03-1.09) 4.2E-05 51,447 1.03 (1.00-1.06) 7.3E-02 155,006 1.04 (1.02-1.06) 2.4E-05 1.5E-01 

MSRA rs17150816    8 9,828,147 C A 61,864 1.27 (1.15-1.41) 5.5E-06 51,450 1.06 (0.99-1.13) 8.1E-02 113,314 1.12 (1.06-1.18) 9.3E-05 3.7E-03 

PFTK1 rs17163563    7 90,546,497 A G 78,195 1.19 (1.11-1.28) 2.9E-06 51,439 1.03 (0.98-1.08) 2.8E-01 129,634 1.08 (1.03-1.12) 3.9E-04 1.2E-03 

SLIT3 rs11739950    5 168,346,952 A G 70,709 1.29 (1.16-1.43) 2.5E-06 50,417 1.03 (0.94-1.12) 5.5E-01 121,126 1.12 (1.05-1.20) 6.4E-04 9.7E-04 

WNK2 rs10761209 rs10821106 1.000 0.935 9 95,100,580 T C 104,496 1.06 (1.03-1.09) 1.5E-05 50,409 1.02 (0.99-1.05) 2.4E-01 154,905 1.03 (1.01-1.05) 9.7E-03 2.4E-04 

PKP1 rs6427896 N/A                 

ATP2B2 rs13071035 N/A                 

PLAC9 rs7088994 N/A                 

C14orf174 rs11844594 N/A                 

LAMA1 rs9948462 N/A                 

APOC1 rs4420638 N/A                 

C20orf166 rs6062238 N/A                 
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Supplementary Table 6.  Association summary statistics in each ancestry group (European, East Asian, South Asian, and Mexican and 
Mexican American) for lead SNPs at novel T2D susceptibility loci identified through fixed-effects trans-ethnic GWAS meta-analysis of 26,488 
cases and 83,964 controls. 
 

Locus Lead SNP Chr 
Build 36 

position (bp) 

Alleles 
European 

12,171 cases and 56,862 controls 
East Asian 

6,952 cases and 11,865 controls 
South Asian 

5,561 cases and 14,458 controls 
Mexican and Mexican American 

1,804 cases and 779 controls 
Stage 1 trans-ethnic 

meta-analysis 

Risk Other RAF OR (95% CI) p-value RAF OR (95% CI) p-value RAF OR (95% CI) p-value RAF OR (95% CI) p-value p-value 
Cochran’s Q 

p-value 

TMEM154 rs6813195 4 153,739,925 C T 0.71 1.08 (1.04-1.12) 1.4E-04 0.39 1.10 (1.05-1.15) 1.1E-04 0.62 1.05 (1.00-1.11) 3.4E-02 0.63 1.11 (0.96-1.28) 1.6E-01 4.2E-09 6.8E-01 

POU5F1/TCF19 rs3132524 6 31,244,693 C T 0.73 1.08 (1.04-1.12) 1.1E-04 0.43 1.03 (0.98-1.09) 2.0E-01 0.70 1.08 (1.03-1.14) 2.5E-03 0.76 1.19 (1.01-1.40) 3.7E-02 2.5E-07 3.2E-01 

ARL15 rs702634 5 53,307,177 A G 0.67 1.08 (1.04-1.12) 4.3E-05 0.75 1.10 (1.00-1.20) 4.2E-02 0.77 1.07 (1.01-1.13) 2.4E-02 0.86 1.06 (0.87-1.29) 5.5E-01 3.4E-07 9.7E-01 

SSR1/RREB1 rs9502570 6 7,203,616 C T 0.73 1.08 (1.03-1.12) 1.1E-03 0.35 1.05 (1.00-1.11) 7.0E-02 0.61 1.09 (1.04-1.14) 5.1E-04 0.75 1.03 (0.85-1.21) 7.5E-01 5.7E-07 7.7E-01 

MPHOSPH9 rs1727313 12 122,206,806 G C 0.78 1.07 (1.03-1.12) 9.4E-04 0.53 1.20 (1.03-1.41) 2.1E-02 0.74 1.08 (1.02-1.14) 4.6E-03 0.77 1.10 (0.93-1.30) 2.5E-01 1.2E-06 5.9E-01 

FAF1 rs17106184 1 50,682,573 G A 0.91 1.10 (1.04-1.16) 1.8E-03 0.58 1.14 (1.05-1.22) 2.7E-03 0.94 1.08 (0.98-1.19) 1.3E-01 0.95 1.36 (1.06-1.66) 4.7E-02 1.9E-06 5.2E-01 

LPP rs6808574 3 189,223,217 C T 0.60 1.08 (1.03-1.12) 2.6E-04 0.98 1.13 (0.85-1.51) 4.1E-01 0.76 1.05 (0.99-1.10) 1.1E-01 0.82 1.49 (1.23-1.80) 3.4E-05 4.3E-06 5.5E-03 
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Supplementary Table 7.  Association summary statistics from the European ancestry validation meta-analysis, stratified according to 
covariate adjustment: (i) studies that account only for age, sex (unless male- or female-specific), and population structure where necessary 
(11,327 cases and 31,342 controls); and (ii) all other studies (10,164 cases and 24,305 controls). 
 

Locus Lead SNP Chr 
Build 36 

position (bp) 

Alleles
a
 

Studies adjusting for age, 
sex and population structure Other studies Cochran’s Q statistic 

p-value Risk Other OR (95% CI) p-value OR (95% CI) p-value 

TMEM154 rs6813195 4 153,739,925 C T 1.08 (1.04-1.12) 1.4E-04 1.08 (1.03-1.12) 1.1E-03 8.6E-01 

SSR1/RREB1 rs9505118 6 7,235,436 A G 1.07 (1.03-1.10) 6.2E-04 1.04 (1.01-1.08) 3.6E-02 4.0E-01 

FAF1 rs17106184 1 50,682,573 G A 1.06 (0.99-1.12) 1.2E-01 1.14 (1.07-1.20) 1.5E-04 7.9E-02 

POU5F1/TCF19 rs3130501 6 31,244,432 G A 1.06 (1.02-1.10) 7.0E-03 1.06 (1.01-1.11) 1.8E-02 9.6E-01 

LPP rs6808574 3 189,223,217 C T 1.06 (1.02-1.10) 8.6E-03 1.06 (1.02-1.10) 4.2E-03 8.9E-01 

ARL15 rs702634 5 53,307,177 A G 1.03 (0.99-1.07) 1.7E-01 1.08 (1.04-1.12)  5.1E-04 7.5E-02 

MPHOSPH9 rs4275659 12 122,013,881 C T 1.07 (1.03-1.11) 5.7E-04 1.04 (1.00-1.08) 9.8E-02 2.3E-01 

 
 
 
.    
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Supplementary Table 8.  T2D association summary statistics for lead SNPs at T1D 
susceptibility loci identified through fixed-effects trans-ethnic GWAS meta-analysis of 
26,488 cases and 83,964 controls. 
 

Locus T1D lead SNP Chr 
Build 36 

position (bp) 

Alleles T2D association 

T1D risk Other OR (95% CI) p-value 

GLIS3 rs10758593 9 4,282,083 A G 1.07 (1.04-1.10) 5.1E-07 

6q22.32 rs9388489 6 126,740,412 G A 1.06 (1.03-1.08) 9.8E-05 

16q23.1 rs7202877 16 73,804,746 G T 0.93 (0.89-0.97) 5.7E-04 

7p12.1 rs4948088 7 50,994,688    1.5E-02 

LMO7 rs539514 13 75,224,283 T A 0.97 (0.95-1.00) 8.8E-02 

10q23.31 rs10509540 10 90,013,013 T C 0.98 (0.95-1.00) 9.3E-02 

14q24.1 rs1465788 14 68,333,352 C T 1.02 (1.00-1.05) 9.4E-02 

IL2RA rs12251307 10 6,163,501 C T 1.02 (0.99-1.06) 1.3E-01 

IL2 rs4505848 4 123,351,942 G A 1.02 (0.99-1.05) 1.8E-01 

PRKCQ rs11258747 10 6,512,897 T G 0.98 (0.95-1.01) 2.0E-01 

AFF3 rs9653442 2 100,191,799 C T 1.01 (0.99-1.04) 2.6E-01 

IL27 rs4788084 16 28,447,349 C T 0.98 (0.96-1.01) 2.6E-01 

CYP27B1 rs10877012 12 56,448,352    3.0E-01 

INS rs3741208 11 2,126,350 A G 0.98 (0.95-1.02) 3.1E-01 

STAT4 rs7574865 2 191,672,878 T G 1.01 (0.99-1.04) 3.1E-01 

BACH2 rs3757247 6 91,014,184 T C 0.99 (0.96-1.01) 3.3E-01 

ORMDL3 rs2290400 17 35,319,766 C T 0.99 (0.96-1.02) 3.3E-01 

HLA rs9268645 6 32,516,505 G C 1.01 (0.99-1.04) 3.3E-01 

19q13.32 rs425105 19 51,900,321 T C 0.98 (0.95-1.02) 3.8E-01 

12q13.2 rs1701704 12 54,698,754 G T 0.99 (0.96-1.02) 3.8E-01 

14q32.2 rs4900384 14 97,568,704 G A 1.01 (0.99-1.04) 4.1E-01 

RGS1 rs2816316 1 190,803,436 A C 1.01 (0.98-1.05) 4.1E-01 

PTPN22 rs2476601 1 114,179,091 A G 1.02 (0.97-1.08) 4.2E-01 

RASGRP1 rs17574546 15 36,689,768 C A 1.01 (0.98-1.05) 4.2E-01 

CTLA4 rs3087243 2 204,447,164 G A 0.99 (0.97-1.02) 4.6E-01 

GPR183 rs9585056 13 98,879,767 C T 0.99 (0.96-1.02) 4.7E-01 

DLK1 rs941576 14 100,375,798 A G 1.01 (0.98-1.04) 4.8E-01 

4p15.2 rs10517086 4 25,694,609 A G 1.01 (0.98-1.05) 4.8E-01 

SKAP2 rs7804356 7 26,858,190 T C 1.01 (0.98-1.04) 5.2E-01 

CD226 rs763361 18 65,682,622 T C 1.01 (0.98-1.03) 5.7E-01 

IFIH1 rs1990760 2 162,832,297 T C 0.99 (0.97-1.02) 5.9E-01 

IL10 rs3024505 1 205,006,527 G A 0.99 (0.95-1.03) 6.1E-01 

22q12.2 rs5753037 22 28,911,722 T C 1.01 (0.98-1.03) 6.4E-01 

PTPN2 rs478582 18 12,825,976 T C 0.99 (0.97-1.02) 6.5E-01 

TNFAIP3 rs10499194 6 138,044,330 C T 0.99 (0.96-1.02) 6.6E-01 

15q25.1 rs3825932 15 77,022,501 C T 0.99 (0.97-1.02) 6.7E-01 

SH2B3 rs3184504 12 110,368,991 T C 1.01 (0.97-1.04) 7.0E-01 

EFR3B rs478222 2 25,155,259 A T 1.00 (0.98-1.03) 7.1E-01 

20p13 rs2281808 20 1,558,551 C T 0.99 (0.97-1.02) 7.2E-01 

12p13.31 rs4763879 12 9,801,431 A G 1.00 (0.98-1.03) 7.5E-01 

6q27 rs924043 6 170,220,950 C T 1.00 (0.96-1.03) 7.6E-01 

TAGAP rs1738074 6 159,385,965 C T 1.00 (0.97-1.02) 8.2E-01 

17q21.2 rs7221109 17 36,023,812 C T 1.00 (0.98-1.03) 8.5E-01 

UBASH3A rs9976767 21 42,709,459 G A 1.00 (0.98-1.03) 8.5E-01 

TYK2 rs2304256 19 10,336,652    9.7E-01 

IL2RB rs229541 22 35,921,264 A G 1.00 (0.98-1.02) 9.7E-01 

CCRS rs11711054 3 46,320,615 G A 1.00 (0.97-1.03) 9.7E-01 

16p13.13 rs2903692 16 11,146,284 G A 1.00 (0.97-1.03) 9.7E-01 
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Supplementary Table 9.  Association summary statistics for lead SNPs at novel T2D susceptibility loci in a meta-analysis of glycaemic traits in 
non-diabetic individuals of European descent from the MAGIC Investigators.         
          
 

(a) Fasting glucose (FG) and fasting glucose adjusted for body-mass index (FGadjBMI) in up to 133,010 individuals. 
 

Locus Lead SNP Chr Build 36 
position (bp) 

Alleles FG FGadjBMI 

Risk Other N β SE p-value N β SE p-value 

TMEM154 rs6813195 4 153,739,925 C T 131,758 -0.0015 0.0023 5.3E-01 123,101 -0.0045 0.0024 6.1E-02 

SSR1/RREB1 rs9505118 6 7,235,436 A G 132,932 0.0091 0.0021 1.0E-05 123,203 0.0084 0.0022 1.2E-04 

FAF1 rs17106184 1 50,682,573 G A 133,005 0.0089 0.0036 1.4E-02 123,259 0.0072 0.0038 6.0E-02 

POU5F1/TCF19 rs3130501 6 31,244,432 G A 131,862 0.0001 0.0024 9.7E-01 123,243 0.0005 0.0025 8.3E-01 

LPP rs6808574 3 189,223,217 C T 115,536 0.0113 0.0023 8.6E-07 107,010 0.0114 0.0024 2.5E-06 

ARL15 rs702634 5 53,307,177 A G 127,759 0.0041 0.0022 6.4E-02 117,917 0.0049 0.0023 3.7E-02 

MPHOSPH9 rs4275659 12 122,013,881 C T 132,968 -0.0030 0.0022 1.8E-01 123,216 -0.0022 0.0023 3.5E-01 

 
 

(b) Fasting insulin (FI) and fasting insulin adjusted for body-mass index (FIadjBMI) in up to 108,557 individuals. 
 
Locus Lead SNP Chr Build 36 

position (bp) 
Alleles FI FIadjBMI 

Risk Other N β SE p-value N β SE p-value 

TMEM154 rs6813195 4 153,739,925 C T 107,414 -0.0048 0.0027 7.4E-02 103,342 -0.0036 0.0023 1.1E-01 

SSR1/RREB1 rs9505118 6 7,235,436 A G 108,480 -0.0022 0.0024 3.6E-01 103,434 -0.0007 0.0021 7.4E-01 

FAF1 rs17106184 1 50,682,573 G A 108,555 0.0031 0.0042 4.7E-01 103,492 0.0008 0.0037 8.3E-01 

POU5F1/TCF19 rs3130501 6 31,244,432 G A 107,507 0.0021 0.0027 4.4E-01 103,473 0.0050 0.0024 3.2E-02 

LPP rs6808574 3 189,223,217 C T 93,485 -0.0023 0.0027 3.9E-01 89,488 0.0000 0.0023 1.0E+00 

ARL15 rs702634 5 53,307,177 A G 103,440 0.0140 0.0026 4.5E-08 98,281 0.0151 0.0022 5.0E-12 

MPHOSPH9 rs4275659 12 122,013,881 C T 108,549 0.0039 0.0026 1.3E-01 103,480 0.0040 0.0022 7.2E-02 
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(c) Homeostatic model of assessment indices of beta-cell function (HOMA-B) and insulin resistance (HOMA-IR) in up to 37,037 individuals. 
 

Locus Lead SNP Chr Build 36 
position (bp) 

Alleles HOMA-B HOMA-IR 

Risk Other N β SE p-value N β SE p-value 

TMEM154 rs6813195 4 153,739,925 C T 35,361 -0.0024 0.0038 5.4E-01 35,827 -0.0052 0.0047 2.6E-01 

SSR1/RREB1 rs9505118 6 7,235,436 A G 36,439 -0.0052 0.0033 1.1E-01 37,010 -0.0020 0.0040 6.2E-01 

FAF1 rs17106184 1 50,682,573 G A 36,466 -0.0082 0.0060 1.7E-01 37,037 -0.0042 0.0070 5.5E-01 

POU5F1/TCF19 rs3130501 6 31,244,432 G A 35,437 -0.0017 0.0038 6.5E-01 35,903 -0.0012 0.0046 7.9E-01 

LPP rs6808574 3 189,223,217 C T 35,428 -0.0086 0.0034 1.1E-02 35,894 -0.0021 0.0041 6.1E-01 

ARL15 rs702634 5 53,307,177 A G 36,449 0.0060 0.0035 8.7E-02 37,020 0.0099 0.0043 2.1E-02 

MPHOSPH9 rs4275659 12 122,013,881 C T 36,459 0.0038 0.0036 2.9E-01 37,030 -0.0024 0.0044 5.9E-01 
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Supplementary Table 10.  Association summary statistics for lead SNPs at novel T2D susceptibility loci in a meta-analysis of body-mass index 
(BMI) and waist-hip ratio adjusted for body-mass index (WHRadjBMI) in up to 123,865 and 77,167 individuals, respectively, of European 
ancestry from the GIANT Consortium. 
          

Locus Lead SNP Chr 
Build 36 

position (bp) 

Alleles BMI WHRadjBMI 

Risk Other N β SE p-value N β SE p-value 

TMEM154 rs6813195 4 153,739,925 C T 123,768 -0.0057 0.0054 2.9E-01 77,077 0.0048 0.0052 3.9E-01 

SSR1/RREB1 rs9505118 6 7,235,436 A G 123,744 -0.0017 0.0047 7.2E-01 77,048 -0.0111 0.0046 2.1E-02 

FAF1 rs17106184 1 50,682,573 G A 123,778 -0.0171 0.0080 3.4E-02 77,159 0.0136 0.0078 9.7E-02 

POU5F1/TCF19 rs3130501 6 31,244,432 G A 123,830 -0.0133 0.0053 1.3E-02 77,152 0.0065 0.0052 2.3E-01 

LPP rs6808574 3 189,223,217 C T 123,829 0.0095 0.0048 4.9E-02 77,162 0.0120 0.0047 1.4E-02 

ARL15 rs702634 5 53,307,177 A G 123,791 -0.0205 0.0051 5.6E-05 77,100 -0.0041 0.0049 4.2E-01 

MPHOSPH9 rs4275659 12 122,013,881 C T 123,839 -0.0129 0.0052 1.3E-02 77,149 0.0012 0.0050 8.1E-01 
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Supplementary Table 11.  Association summary statistics for lead SNPs at novel T2D susceptibility loci in a meta-analysis of lipid traits in up 
to 100,184 individuals of European ancestry from the Global Lipids Genetics Consortium.       
           

Locus Lead SNP Chr 

Build 36 
position (bp) 

Alleles Total cholesterol High-density lipoprotein Low-density lipoprotein Triglycerides 

Risk Other N Z-score p-value N Z-score p-value N Z-score p-value N Z-score p-value 

TMEM154 rs6813195 4 153,739,925 C T 100,065 -0.114 9.1E-01 99,787 -1.271 2.0E-01 95,341 -0.159 8.7E-01 96,479 0.033 9.7E-01 

SSR1/RREB1 rs9505118 6 7,235,436 A G 100,117 -0.147 8.8E-01 99,832 0.147 8.8E-01 95,389 -0.427 6.7E-01 96,530 0.450 6.5E-01 

FAF1 rs17106184 1 50,682,573 G A 100,183 1.399 1.6E-01 99,899 0.087 9.3E-01 95,454 0.306 7.6E-01 96,597 2.007 4.5E-02 

POU5F1/TCF19 rs3130501 6 31,244,432 G A 97,134 4.160 3.2E-05 96,895 0.857 3.9E-01 92,490 2.592 9.5E-03 93,548 3.140 1.7E-03 

LPP rs6808574 3 189,223,217 C T 100,184 -0.008 9.9E-01 99,900 -0.788 4.3E-01 95,454 0.273 7.9E-01 96,598 -0.076 9.4E-01 

ARL15 rs702634 5 53,307,177 A G 100,115 1.299 1.9E-01 99,837 -2.287 2.2E-02 95,391 0.762 4.5E-01 96,529 2.563 1.0E-02 

MPHOSPH9 rs4275659 12 122,013,881 C T 100,159 -1.756 7.9E-02 99,877 -1.820 6.9E-02 95,431 -1.167 2.4E-01 96,573 0.995 3.2E-01 
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Supplementary Table 12.  Evidence for cis-eQTL expression with lead T2D SNPs at novel T2D susceptibility loci in multiple tissues from 
public databases and unpublished resources.          
 
Locus Lead SNP Chr Build 36 

position (bp) 
Transcript Tissue p-value Lead cis-eQTL SNP 

SNP Chr Build 36 
position (bp) 

CEU r
2
 CHB+JPT r

2
 p-value 

SSR1/RREB1 rs9505118 6 7,235,436 SSR1 B cells (CD19+) 2.2E-06 rs1050226 6 7,226,653 0.965 1.000 2.1E-06 

POU5F1/TCF19 rs3130501 6 31,244,432 HCG27 Blood 8.8E-20 rs9263871 6 31,278,507 0.028 0.545 5.2E-62 

    HCG22 LCL 1.9E-16 rs2517552 6 31,115,569 0.426 0.000 2.9E-34 

    AL662833.4 Lymph 2.6E-06 rs1265112 6 31,225,998 0.207 0.042 5.3E-29 

    HCG27 Monocytes 1.3E-69 Same SNP      

    HLA-DRB5 Monocytes 1.7E-33 rs3129868 6 32,278,507 N/A N/A 1.0E-320 

    HLA-C Monocytes 7.5E-15 rs4394274 6 31,426,143 N/A N/A 2.6E-158 

    HLA-DRB1 Monocytes 8.3E-15 rs2395166 6 32,496,253 N/A N/A 4.0E-192 

MPHOSPH9 rs4275659 12 122,013,881 ABCB9 Liver 7.4E-12 Same SNP      

SETD8 Lung 2.0E-16 Same SNP      
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Supplementary Table 13.  Potential functional variants in pilot data from the 1000 Genomes Project that are in strong LD (CEU and CHB+JPT 
r2>0.8) with the lead SNPs in the novel susceptibility loci. 
 

Locus Lead SNP Chr Build 36 
position (bp) 

Functional proxy SNP 

SNP Chr Build 36 
position (bp) 

CEU r2 CHB+JPT r2 Gene Annotation 

SSR1/RREB1 rs9505118 6 7,235,436 rs1050226 6 7,226,653 0.97 0.93 SSR1 3’-UTR 

    rs8955 6 7,233,296 1.00 1.00 SSR1 3’-UTR 

    rs11071 6 7,233,543 1.00 0.94 SSR1 3’-UTR 

    rs3087986 6 7,234,165 1.00 1.00 SSR1 3’-UTR 

POU5F1/TCF19 rs3130501 6 31,244,432 rs113581344 6 31,237,595 0.96 0.80 TCF19 Missense 

MPHOSPH9 rs4275659 12 122,013,881 rs61955196 12 122,016,971 0.92 1.00 ABCB9 5’-UTR 

    rs3759115 12 122,030,232 0.92 0.97 OGFOD2 3’-UTR 

    rs3741530 12 122,035,600 0.92 0.81 PITPNM2 3’-UTR 
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Supplementary Table 14.  Properties of the 99% credible set at ten established T2D susceptibility loci as a function of SNP quality on the 
basis of association summary statistics from the trans-ethnic meta-analysis of European, East Asian, South Asian and Mexican American 
ancestry GWAS (26,488 cases and 83,964 controls) for three subsets of variants: (i) all SNPs; (ii) SNPs reported in at least 80% (N=88,361) 
individuals; and (iii) SNPs reported in at least 90% (N=99,406) individuals.    
 

Locus Chr 

99% credible set: 
all SNPs 

99% credible set: 
SNPs reported for ≥80% of individuals 

99% credible set: 
SNPs reported for ≥90% of individuals 

SNPs Interval (bp) Build 36 location (bp) SNPs Interval (bp) Build 36 location (bp) SNPs Interval (bp) Build 36 location (bp) 

JAZF1 7 4 15,667 28,147,081-28,162,747 4 15,667 28,147,081-28,162,747 4 15,667 28,147,081-28,162,747 

SLC30A8 8 2 243 118,253,964-118,254,206 2 243 118,253,964-118,254,206 2 243 118,253,964-118,254,206 

CDKAL1 6 2 1,549 20,794,552-20,796,100 2 1,549 20,794,552-20,796,100 2 1,549 20,794,552-20,796,100 

HHEX/IDE 10 2 937 94,455,539-94,456,475 2 937 94,455,539-94,456,475 2 937 94,455,539-94,456,475 

TCF7L2 10 2 2,309 114,746,031-114,748,339 2 2,309 114,746,031-114,748,339 2 2,309 114,746,031-114,748,339 

IGF2BP2 3 12 24,504 186,988,481-187,012,984 12 24,504 186,988,481-187,012,984 12 24,504 186,988,481-187,012,984 

FTO 16 10 39,335 52,361,075-52,400,409 10 39,335 52,361,075-52,400,409 10 39,335 52,361,075-52,400,409 

CDKN2A/B 9 1 1 22,122,076-22,122,076 1 1 22,122,076-22,122,076 1 1 22,122,076-22,122,076 

PPARG 3 21 265,269 12,106,687-12,371,955 21 265,269 12,106,687-12,371,955 17 265,269 12,106,687-12,371,955 

MTNR1B 11 15 55,032 92,307,378-92,362,409 13 55,032 92,307,378-92,362,409 7 55,032 92,307,378-92,362,409 
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Resources interrogated for expression analyses 
 
We interrogated public databases and unpublished resources for cis-eQTL expression with 
lead Ps in the novel susceptibility loci in multiple tissues: fresh lymphocytes1, fresh 
leukocytes2, leukocyte samples in individuals with Celiac disease3, lymphoblastoid cell lines 
(LCL) derived from asthmatic children4, HapMap LCL from 3 populations5, a separate study 
on HapMap CEU LCL6, CD19+ B cells7, peripheral blood monocytes7-9, dendritic cells before 
and after Mycobacterium tuberculosis infection10, omental and subcutaneous adipose11,12, 
stomach12 and whole blood samples11,13,14, endometrial carcinomas15, brain cortex7,16,17, 3 
large studies of brain regions including prefrontal cortex, visual cortex and cerebellum, 
(Emilsson, personal communication), liver12,18,19, osteoblasts20, lung21, skin22 and additional 
fibroblast, T cell and LCL samples23,24. 
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