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SUPPLEMENTARY FIGURES 

 
Supplementary Figure 1. QQ- and Manhattan plots of the discovery association meta-analysis results. 
A) QQ-plot of all the signals. B) QQ-plot of previously established signals. C) QQ-plot of novel signals. D) 
Manhattan plot. Signals of association reaching genome-wide significance for the first time in the present 
study (p<5x10-8) are colored in red; blue dots represent previously established loci (Supplementary Table 

3). The Y-axis was trimmed at –log10(p-value)=40 for easier visualisation; the TCF7L2 association signal 
(p=1.35×10-81) falls far beyond this range (Supplementary Table 3).  
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Supplementary Figure 2. Regional plots for the thirteen novel T2D loci. In the left panel, the plot is 
based using all 1000 Genomes March 2012 multi-ethnic SNV set, whereas in the right panel the plot is 
restricted to SNVs present in HapMap CEU reference set. 
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Supplementary Figure 3. QQ-plot of the expected vs. observed P-values for heterogeneity between 

BMI-adjusted and unadjusted association analysis models for established and novel T2D loci. The 
FTO, TCF7L2, MC4R and SLC30A8 loci show large differences between models (pheterogeneity=5.70x10-29, 
3.51x10-13,  5.54x10-6 and 6.94x10-5, respectively). 
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Supplementary Figure 4. Regional plots for T2D loci showing additional distinct signals (p<10
-5
) in the 

approximate conditional analysis. First, unconditional analysis results are shown, followed by results 
conditioned on the lead SNV and other distinct signals. In the last plot for each locus the results for lead 
SNV conditional on the distinct signal(s) are shown. 
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Supplementary Figure 5. Forest plots of the A) putative low frequency distinct signal (rs188827514) 

and B) previously established (Steinthorsdottir et al.) low-frequency variant (rs76895963) at CCND2 for 

their associations with T2D. Odds ratios (OR) with their 95% confidence intervals (CI) are shown from 
unconditioned models. 
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Supplementary Figure6. Regional architecture of TP53INP1 locus. In the right panel the figure is plotted 
using all 1000 Genomes SNVs and highlights the new lead SNV (rs11786613) independent from the 
previous lead variant, signal visible in the left panel the plot is restricted to SNVs present in HapMap. 

 

 

 

Supplementary Figure 7. Association of variation in GLP2R with T2D after approximate conditional 

analyses on either A) the lead SNV (rs78761021), or B) D470N.  
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Supplementary Figure 8. Effects on T2D of 50 established T1D variants. All effects are aligned to T1D 
risk-raising allele. Loci are sorted from top to bottom by the magnitude of association with T1D.  
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Supplementary Figure 9. Significantly enriched reconstituted gene sets by DEPICT. We report 20 
significantly enriched reconstituted gene sets (FDR<0.05, Supplementary Table 11). Reconstituted gene 
sets are represented by nodes and their overlap by edges. Reconstituted gene sets are colour-coded based on 
their degree of enrichment in genes at the associated T2D loci (darker means more significant). DEPICT 
identified 21 significantly enriched reconstituted gene sets; one gene set was omitted due to a potential 
mismatch between the reconstituted gene set identifier and the reconstituted gene set (see Methods). For each 
gene set, the three genes exhibiting the highest likelihood within the given gene set and being within 
associated T2D loci are shown. Pairwise overlap between reconstituted gene sets were estimated by 
computing the Pearson correlation coefficient r between two reconstituted gene sets followed by 
discretization into one of three bins; 0.3≤ r <0.5 denotes low overlap, 0.5≤ r <0.7 denotes medium overlap, 
and r≥0.7 denotes high overlap. Edges representing overlap corresponding to r <0.3 are not shown. 
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Supplementary Figure 10. Type 2 diabetes credible sets are enriched for genomic annotations. We 
calculated the posterior probability of causality for all variants at 95 established T2D loci. We then tested the 
effect of variants annotated with protein-coding genes, cell type chromatin state, and transcription factor 
binding on the posterior probabilities across all loci. We identified significant effects among coding exons 
and pancreatic islet chromatin, and for binding sites of the FOXA2, NKX2.2, PDX1, and EZH2 transcription 
factors.  
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Supplementary Figure 11. Genomic annotation at credible sets of novel loci. A) The T2D signal at the 
BCAR1 locus contains a variant rs8056814 with a 57% probability of being causal for the signal. This variant 
overlaps an enhancer active in pancreatic islets proximal to the CTRB1 gene. B) The novel T2D signal at the 
CMIP locus is also associated with BMI and lipid phenotypes. The variant rs2925979 has a 91% probability 
of being causal for the CMIP signal and overlaps an enhancer active in liver, which is the most enriched cell 
type in the BMI/lipid physiology group.  
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BIOLOGY BOX  
 

ACSL1: chr4:185708807 (rs60780116) is an intronic variant in acyl-CoA synthetase long chain family 
member 1 coding gene (ACSL1), an isozyme that converts free long-chain fatty acids into fatty acyl-CoA 
esters, playing a key role in lipid biosynthesis and fatty acid degradation. ACSL1 is highly expressed in 
adipose, liver, skeletal muscle tissue and in whole blood, but expressed at lower levels in pancreas(1). Recent 
reports have implicated ACSL1 in regulating systemic glucose homeostasis(2), potentially via an effect on 
metabolic flexibility and capacity to switch between fatty acid and glucose metabolism. Variants in ACSL1 
have previously been associated with Kawasaki disease(3) (r2=0.12).    

HLA-DQA1:  Variation in the HLA region has been strongly associated with T1D(4) (r2=0.08) and other 
autoimmune diseases, including multiple sclerosis(5) (r2=0.47) and inflammatory bowel disease(6) (r2=0.13). 
Associations with total cholesterol and LDL cholesterol have also been reported(7) (r2=0.06). The lead SNV 
for T2D association in the HLA region (chr6:32594309; rs9271774) lies ~2kb upstream of HLA-DQA1. It is 
in high LD (r2=0.82) with a SNV strongly associated with expression of HLA-DRB5 in pancreatic islets(8). 
Analyses (see main text) suggest that the T2D association is not the result of misclassification of individuals 
with T1D as T2D cases in the present study.  

SLC35D3: Index variant chr6:137287702 (rs6918311) is located ~20kb downstream of the RNA gene 
NHEG1 (neuroblastoma highly expressed 1), which has no well characterized function. Also proximal to the 
lead SNV are: (1) SLC35D3, which is a member of the solute carrier family 35 and a regulator of the 
biosynthesis of platelet-dense granules with possible role in carbohydrate transport; (2) PEX7,  (peroxisomal 
biogenesis factor 7) encoding for the cytosolic receptor for the set of peroxisomal matrix enzymes, which is 
involved in cell metabolism and is associated with peroxisome biogenesis disorders and implicated in 
autism; and (3) IL20RA, which encodes for a subunit of the receptor for interleukin 20, and is a cytokine 
suggested to be involved in epidermal function. 

MNX1: chr7:157027753 (rs1182436) is an intronic variant in UBE3C, which encodes for a ubiquitin protein 
ligase. The lead SNV in the locus lies ~100kb upstream of MNX1, which is highly expressed in pancreas(1)  
containing coding mutations recently implicated in neonatal diabetes(9).  

ABO: chr9:136155000 (rs635634) variant lies ~5kb upstream of ABO gene, which determines blood group 

by modifying the oligosaccharides on cell surface glycoproteins. Variation in or near ABO has been 

associated with a very wide range of phenotypes, including glycaemic(10), lipid traits (7) (r2=1), coronary 

artery disease(11) and stroke(12) (r2=0.83). The lead variant at this locus is in low LD (r2<0.05) with blood 

group-defining markers(13).  

PLEKHA1: chr10:124186714 (rs2292626) is an intronic variant in PLEKHA1 (pleckstrin homology domain 
containing, family A member 1). The encoded protein localises to the plasma membrane where it specifically 
binds phosphatidylinositol 3,4-bisphosphate. This protein may be involved in the formation of signalling 
complexes in the plasma membrane. Variants in modest LD (rs10490924; r2=0.27) have been associated with 
age-related macular degeneration(14). 

 

HSD17B12: chr11:43877934 is a 3’UTR variant of HSD17B12 encoding the enzyme 17-beta 

hydroxysteroid dehydrogenase-12.  HSD17B12 encodes 17beta-hydroxysteroid dehydrogenase, involved in 

fatty acid metabolism(15) and estrogen sex steroid hormone formation. HSD17B12 has been identified as 

central to adipocyte differentiation(16), and a correlated variant (rs2176598; r2=0.68) was recently associated 

with BMI(17). However, rs1061810 remained associated with T2D after adjustment for BMI, and we found 

only a nominal difference in the association of rs1061810 with T2D in meta-analyses with or without 

adjustment for BMI (Supplementary Table 4), potentially indicating a role for HSD17B12 in risk of 

Page 71 of 74 Diabetes



28 

 

diabetes independently of associations with adiposity. Other associations from this locus have been reported 

with forced vital capacity(18) (r2=0.59) and neuroblastoma(19) (r2=0.24).  

MAP3K11: chr11:65364385 (rs111669836) is located next to KCNK7 (potassium channel, subfamily K, 
member 7) gene, a member of the superfamily of potassium channel proteins. MAP3K11 encodes the 
Mitogen-activated protein kinase 11, part of the serine/threonine kinase family. MAP3K11 has been 
implicated in regulation  of pancreatic beta-cell death(20). Variation at this locus has previously been 
associated with e.g. height(21) (r2=0.02)  and lipid levels(7) (r2=0.08). 

NRXN3: chr14:79945162 (rs10146997) is an established variant associated with waist circumference(22), 
BMI(23)  and obesity(24). It is an intronic variant in the NRXN3 (Homo sapiens neurexin 3) gene, which is 
part of a family of central nervous adhesion molecules It is expressed in the same sub-cortical regions where 
reward training neuronal pathways are expressed. 

CMIP: chr16:81534790 (rs2925979). This gene encodes a c-Maf inducing protein that plays a role in the T-
cell signalling pathway. C-mip down-regulates NF-κB activity and promotes apoptosis in podocytes(25)  in 
cases of idiopathic nephrotic syndrome (INS). Associations with WHR(26), adiponectin(27)  and HDL 
cholesterol(7) levels have been reported for this same variant. 

ZZEF1: chr17:4014384 (rs7224685) is an intronic variant in the ZZEF1 (zinc finger, ZZ-type with EF-hand 
domain 1) gene related to calcium ion binding. This locus was previously implicated in functional 
impairment in major depressive disorder, bipolar disorder and schizophrenia(28).  

GLP2R: chr17:9780387 (rs78761021) is an intronic variant in the glucagon-like peptide 2 receptor (GLP2R) 
gene belonging to a G protein-coupled receptor superfamily. It is closely related to the glucagon receptor 
(GCGR) and GLP1R. Glucagon-like peptide-2 (GLP2) is a 33-amino acid proglucagon-derived peptide 
produced by intestinal enteroendocrine cells.  

GIP: the nearest gene to the detected signal (chr17:46967038, rs12941263) in this region is ATP5G1, coding 

for a subunit of mitochondrial ATP synthase and involved in “energy production”, in lipid transports and in 

cellular metabolism. Another gene within locus, GIP encodes an incretin hormone that belongs to the 

glucagon superfamily and is gastric inhibitory polypeptide. GIP is a potent stimulator of insulin secretion 

from pancreatic beta-cells following food ingestion and nutrient absorption via its G protein-coupled receptor 

activation of adenylyl cyclase and other signal transduction pathways(29). Variants (rs46522, rs318095) in 

high LD (r2=0.97) with our identified SNV at GIP have been associated with susceptibility to coronary heart 

disease(11) and  height(30). Variation in the receptor for GIP (GIPR) have previously been associated with 

glycemic traits and T2D(31,32). 
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Supplementary Table 6. Novel signals with suggestive association in Stage 1 (P<10-5) but with no replication (P>5x10-8) in Stage 2 or Independent InterAct/Interact+GERA study analysis.

Stage1 Stage2*

Chr Position SNV EA/NEA EAF OR (95% CI) P-value Chr

5 3048750 rs16870903 T/C 0.0021 2.98 (1.9-4.68) 2.10E-06

8 64660127 rs187357831 T/G 0.009 1.46 (1.25-1.72) 3.10E-06

17 73841419 rs3893328 A/G 0.0097 0.59 (0.48-0.74) 2.26E-06

8 17730962 rs145953760 A/G 0.0169 1.27 (1.14-1.41) 8.56E-06

13 86575869 rs7329157 T/C 0.0283 1.18 (1.1-1.27) 9.72E-06 13

4 129526996 rs4975241 C/G 0.0607 1.14 (1.08-1.2) 1.32E-06

18 77548685 rs28620500 A/G 0.071 0.85 (0.79-0.91) 3.40E-06

4 83563582 rs4693043 A/G 0.144 1.08 (1.05-1.12) 3.16E-06

6 65590847 rs7774169 A/G 0.1927 0.93 (0.9-0.96) 4.85E-06 6

7 30728452 rs917195 T/C 0.2349 0.93 (0.9-0.96) 1.91E-06

12 21752108 rs10841855 T/G 0.2496 0.93 (0.9-0.96) 1.54E-06

5 101620174 rs2548724 T/C 0.2554 1.07 (1.04-1.1) 4.77E-07

17 48632401 rs898453 A/G 0.274 0.94 (0.91-0.96) 2.05E-06 17

3 170727351 rs1879442 A/G 0.2767 0.94 (0.92-0.97) 4.76E-06 3

17 27613677 rs12452857 A/G 0.2882 1.06 (1.04-1.09) 5.60E-06 17

1 219771721 rs4846569 T/C 0.2943 0.93 (0.9-0.95) 8.83E-09 1

17 17649172 rs11655029 T/C 0.3223 1.06 (1.03-1.09) 6.08E-06 17

15 54776716 rs11858061 A/G 0.3752 1.06 (1.04-1.09) 1.70E-06 15

8 145536056 rs62530366 G/A 0.38 1.08 (1.05-1.11) 1.90E-08

12 133683261 rs905226 T/C 0.4508 0.95 (0.92-0.97) 8.80E-06

9 126123009 rs2491353 T/C 0.4528 0.94 (0.92-0.97) 1.99E-06 9

4 95109078 rs1509946 T/G 0.4776 0.94 (0.92-0.96) 4.16E-07 4

22 50435480 rs5771069 A/G 0.4837 0.94 (0.91-0.96) 1.85E-07 22

18 40772286 rs816750 C/G 0.5046 1.06 (1.03-1.08) 2.55E-06

20 45757655 rs4809627 T/C 0.5223 1.06 (1.03-1.08) 4.85E-06

7 13894939 rs7801928 T/C 0.5413 1.06 (1.04-1.09) 1.29E-06 7

2 65642097 rs6731993 A/T 0.6107 1.07 (1.04-1.09) 2.60E-07 2

5 112823768 rs1057827 T/C 0.651 1.06 (1.04-1.09) 2.99E-06 5

3 73633701 rs9847947 C/G 0.7371 1.07 (1.04-1.1) 1.69E-06

3 31176875 rs1625526 A/G 0.7496 1.07 (1.04-1.1) 1.11E-06

3 114913508 rs6438234 A/G 0.763 0.93 (0.91-0.96) 1.79E-06 3

12 77398721 rs17815608 A/T 0.8276 1.08 (1.05-1.12) 6.20E-06

6 148963919 rs150268806 T/C 0.8292 0.93 (0.9-0.96) 3.93E-06

8 82343438 rs182719694 A/G 0.8546 1.1 (1.06-1.14) 3.07E-07

7 121954105 rs62476011 T/C 0.8628 0.92 (0.89-0.95) 4.28E-06 7

1 88416590 rs6691335 T/C 0.9016 0.9 (0.87-0.94) 2.34E-06

8 105560821 rs13268287 A/G 0.929 1.13 (1.07-1.19) 7.37E-06

5 142172314 rs80020232 T/G 0.9819 0.58 (0.46-0.73) 6.41E-06

19 22530857 rs191030109 T/C 0.9984 0.38 (0.25-0.57) 3.17E-06

* - Stage 2 SNPs available on Metabochip are reported by their position and rsID. Other 22 variants were either directly available in the InterAct and GERA GWAS, or proxies were used in GERA as follows: for 

rs187357831 variant rs185032206 (r
2
=0.75), for rs3893328 variant rs75830455 (r2=0.53), for rs80020232 variant rs71587235  (r2=1.0), for rs191030109 variant rs146989164 (r2=0.60), for rs62530366 variant 

rs13268508 (r2=0.85).
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Supplementary Table 6. Novel signals with suggestive association in Stage 1 (P<10-5) but with no replication (P>5x10-8) in Stage 2 or Independent InterAct/Interact+GERA study analysis.

Stage1+Stage2

Position SNV r2 with lead SNVEA/NEA EAF OR (95% CI) P-value OR (95% CI)

T/C 0.006 1.03 (0.86-1.23) 0.74 1.19 (1.01-1.40)

T/G 0.009 0.88 (0.72-1.08) 0.23 1.20 (1.06-1.36)

A/G 0.0097 0.95 (0.83-1.08) 0.40 0.84 (0.75-0.94)

A/G 0.015 1.02 (0.91-1.14) 0.79 1.15 (1.06-1.24)

86575869 rs7329157 1 T/C 0.031 0.93 (0.84-1.02) 0.12 1.08 (1.02-1.15)

C/G 0.057 1.11(0.95-1.28) 0.19 1.14 (1.08-1.19)

A/G 0.060 1.17(0.95-1.46) 0.15 0.88 (0.82-0.94)

A/G 0.156 0.96(0.87-1.05) 0.39 1.07 (1.03-1.10)

65533066 rs10498828 0.94 T/C 0.180 0.97 (0.94-1.01) 0.16 0.95 (0.93-0.97)

T/C 0.215 0.95 (0.87-1.05) 0.33 0.93 (0.90-0.96)

T/G 0.237 0.91 (0.83-1.01) 0.07 0.93 (0.90-0.96)

T/C 0.232 1.07 (0.99-1.17) 0.10 1.07 (1.04-1.10)

48636534 rs989128 0.60 A/G 0.359 0.98 (0.95-1.01) 0.11 0.95 (0.93-0.97)

170724883 rs8192675 0.97 C/T 0.295 0.95 (0.92-0.99) 0.01 0.95 (0.93-0.97)

27647630 rs797973 0.84 G/T 0.267 1.03 (1.00-1.07) 0.04 1.05 (1.03-1.07)

219771721 rs4846569 1.00 T/C 0.284 0.99 (0.94-1.04) 0.61 0.94 (0.92-0.96)

17654319 rs11656775 0.95 A/G 0.332 1.04 (1.01-1.08) 0.03 1.05 (1.03-1.08)

54756628 rs4776231 0.91 A/C 0.382 1.02 (0.99-1.05) 0.25 1.04 (1.02-1.06)

G/A 0.362 1.04 (0.99-1.04) 0.32 1.05 (1.03-1.07)

T/C 0.421 0.95 (0.89-1.03) 0.20 0.95 (0.93-0.97)

126112812 rs10760280 0.66 T/C 0.571 0.99 (0.97-1.02) 0.70 0.96 (0.95-0.98)

95012684 rs1904096 0.82 C/A 0.516 1.00 (0.94-1.07) 0.98 0.95 (0.93-0.97)

50440296 rs137848 0.97 T/C 0.487 0.97 (0.94-1.00) 0.02 0.95 (0.93-0.97)

C/G 0.535 1.07 (0.99-1.15) 0.08 1.06 (1.04-1.08)

T/C 0.546 0.99 (0.92-1.07) 0.89 1.05 (1.03-1.08)

13894276 rs1019029 0.66 G/A 0.479 1.02 (0.99-1.05) 0.20 1.05 (1.03-1.07)

65627406 rs2661796 0.60 T/C 0.576 1.00 (0.97-1.03) 0.84 1.04 (1.02-1.06)

112809728 rs367943 1.00 C/T 0.660 1.03 (1.00-1.07) 0.03 1.05 (1.03-1.07)

C/G 0.741 0.98 (0.90-1.07) 0.65 1.06 (1.03-1.09)

A/G 0.742 1.01 (0.93-1.10) 0.80 1.06 (1.04-1.09)

114913508 rs6438234 1.00 A/G 0.747 0.97 (0.94-1.01) 0.12 0.95 (0.93-0.97)

A/T 0.839 1.04 (0.93-1.15) 0.49 1.08 (1.04-1.11)

T/C 0.829 1.08 (0.98-1.18) 0.14 0.94 (0.92-0.97)

A/G 0.855 0.94 (0.85-1.05) 0.30 1.08 (1.05-1.12)

122017812 rs1859351 0.83 C/T 0.843 0.98 (0.94-1.02) 0.30 0.95 (0.92-0.97)

T/C 0.896 1.03 (0.90-1.18) 0.67 0.91 (0.88-0.94)

A/G 0.920 1.14 (0.98-1.32) 0.08 1.13 (1.08-1.19)

T/G 0.982 1.012(0.85-1.21) 0.89 0.83 (0.72-0.95)

T/C 0.998 0.99 (0.84-1.17) 0.95 0.87 (0.75-1.01)

* - Stage 2 SNPs available on Metabochip are reported by their position and rsID. Other 22 variants were either directly available in the InterAct and GERA GWAS, or proxies were used in GERA as follows: for 

=0.75), for rs3893328 variant rs75830455 (r2=0.53), for rs80020232 variant rs71587235  (r2=1.0), for rs191030109 variant rs146989164 (r2=0.60), for rs62530366 variant 
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P-value

4.06E-02

3.75E-03

1.82E-03

5.50E-04

1.05E-02

4.70E-07

1.25E-04

3.28E-05

9.02E-06

7.28E-06

1.99E-06

5.67E-07

4.27E-06

1.05E-07

1.60E-06

1.24E-07

6.50E-07

1.00E-05

8.98E-06

6.02E-05

8.45E-05

2.17E-06

6.00E-08

3.06E-07

5.43E-06

5.56E-06

1.33E-04

6.07E-07

1.47E-05

5.16E-06

3.41E-06

3.04E-06

2.04E-04

5.83E-06

3.72E-05

5.39E-07

1.38E-06

9.33E-03

7.12E-02

* - Stage 2 SNPs available on Metabochip are reported by their position and rsID. Other 22 variants were either directly available in the InterAct and GERA GWAS, or proxies were used in GERA as follows: for 

=0.75), for rs3893328 variant rs75830455 (r2=0.53), for rs80020232 variant rs71587235  (r2=1.0), for rs191030109 variant rs146989164 (r2=0.60), for rs62530366 variant 
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