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Diabetes has been increasing in the U.S. in recent years.  Between 1994 and 2004, there was a dramatic increase in the number of people with diagnosed diabetes in the U.S.  Over the past 25 years, the prevalence of diabetes has more than doubled. It is thought that the increase in diabetes is due largely to an increase in type 2 diabetes that is being driven by three major trends in the U.S. population:

An aging population

A growing number of racial and ethnic minorities

A dramatic increase in overweight and obesity – serious risk factors for developing the disease



Statistics related to diabetes

20.8 million Americans (7 percent of the U.S. population) have diabetes

90-95 percent of cases are type 2 diabetes

Minorities are disproportionately affected by type 2 diabetes

1 in 3 Americans born in 2000 is predicted to develop diabetes during his or her lifetime (for Hispanic females: 1 in 2)



Sources: CDC National Diabetes Surveillance System, 2005; Diabetes: Disabling, Deadly, and on the Rise, CDC, 2006; World Health Organization, Diabetes Care 28: 2130-2135, 2005.







Type 2 Diabetes: 
“The geneticist’s nightmare”

•
 

Family history as a substantial risk factor
–

 
Relative risk to a sibling ~3.5

•
 

Environment as a major contributor
•

 
Family linkage studies relatively disappointing

•
 

Validated genes prior to 2007:
–

 
PPARG (candidate gene)

–
 

KCNJ11 (candidate gene)
–

 
TCF7L2 (linkage study)



The FUSION Study
Finland-United States Investigation of NIDDM Genetics

Subject Recruitment and Clinical Testing
National Public Health Institute, Helsinki, Finland

Molecular Genetics
National Human Genome Research Institute, Bethesda, MD
University of North Carolina, Chapel Hill, NC

Biochemical Measurements
USC Keck School of Medicine, Los Angeles, CA

Statistical Analysis
University of Michigan School of Public Health, Ann Arbor, MI



Applying Genome Wide 
Association to Type 2 Diabetes

•
 

Three groups, each with 1000 – 1500 cases and 1000 – 
3000 controls in Stage 1:
–

 
FUSION (Boehnke, Bergman, Collins, Mohlke, Tuomilehto)

–
 

Diabetes Genetics Initiative of Broad, Novartis, and Lund 
(Altshuler, Groop)

–
 

Wellcome Trust Case Control Consortium/UK Type 2 
Diabetes Consortium (McCarthy, Hattersley, Donnelly)

•
 

Genotyped with Illumina 317K or Affy 500K panel
•

 
Compared results across all three studies

•
 

Followed up promising signals in Stage 2 validation set



Three Groups Working Together

Sweden

Poland

United 
States 

(off map)

# cases + controls

FUSION
S1: 1161  +  1174
S2: 1215  +  1258

DGI
S1: 1464  +  1467
S2: 5065  +  5785

WTCCC/UKT2D
S1: 1924  +  2938
S2: 3757  +  5346

Totals 
S1 = 4549  + 5579
S2 = 10053 + 12389 (n=32,554)



Stage 1: FUSION only (1161 cases + 1174 controls)



Stage 1 – FUSION only

Stage 1 – FUSION + DGI + WTCCC
(4549 cases + 5579 controls)



Imputing Missing Genotypes in 
Case Control Samples

•
 

Methods and software have now been 
developed and tested by
–

 
Goncalo Abecasis, Michigan

–
 

Jonathan Marchini, Oxford
•

 
Begins with GWA data from panel of choice

•
 

Uses HapMap data from similar geographic 
origins to infer what alleles were most likely 
present at untyped loci

•
 

Limited to SNPs in strong LD with typed SNPs
•

 
Can produce quality score estimates

•
 

Allows merging of data sets from Illumina, 
Affymetrix, or Perlegen panels



What We’d Like To Do:
 Start with Measured Genotypes
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What We’d Like To Do:
 Estimate Effects of Untyped

 
Markers…
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Does This Actually Work?
• Used about ~300,000 SNPs from Illumina HumanHap300 to 

impute 2.1 million HapMap SNPs in ~2500 individuals from 
the FUSION study of type 2 diabetes

• Compared imputed genotypes with actual experimental 
genotypes in a candidate region on chromosome 14
– 1190 individuals, 521 markers not on Illumina HumanHap300

• Results of comparison
– Average r2 with true genotypes 0.92
–

 

1.4% of imputed alleles mismatch original
– Most errors concentrated on worst 3% of SNPs



Top 10 Results From Combined Analysis 
Stage 1 + Stage 2, n = 32,554
FUSION DGI WTCCC/UKT2D All Samples

Gene OR p-value OR p-value OR p-value OR p-value

TCF7L2 1.34 1.3 x 10-8 1.38 2.3 x 10-31 1.37 6.7 x 10-13 1.37 1.0 x 10-48

IGF2BP2 1.18 2.1 x 10-4 1.17 1.7 x 10-9 1.11 1.6 x 10-4 1.14 8.9 x 10-16

CDKN2A/B 1.20 .0022 1.20 5.4 x 10-8 1.19 4.9 x 10-7 1.20 7.8 x 10-15

FTO 1.11 0.016 1.03 0.25 1.23 7.3 x 10-14 1.17 1.3 x 10-12

CDKAL1 1.12 0.0095 1.08 0.0024 1.16 1.3 x 10-8 1.12 4.1 x 10-11

KCNJ11 1.11 0.013 1.15 1.0 x 10-7 1.15 0.0013 1.14 6.7 x 10-11

HHEX 1.10 0.026 1.14 1.7 x 10-4 1.13 4.6 x 10-6 1.13 5.7 x 10-10

SLC30A8 1.18 7.0 x 10-5 1.07 0.047 1.12 7.0 x 10-5 1.12 5.3 x 10-8

Chr 11 1.48 5.7 x 10-8 1.16 0.12 1.13 0.068 1.23 4.3 x 10-7

PPARG 1.20 0.0014 1.09 0.019 1.23 0.0013 1.14 1.7 x 10-6
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Updated 070423

Top 10 results our perspective.  Sorted by all sample pvalue.

Blue are three frequently replicated loci

Variability in strength of association across studies

Biologists see new loci shown here. Will discuss more.
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rs13266634
is in the coding
region of 
SLC30A8, and
changes a highly
conserved
arginine to a
tryptophan



SLC30A8 - Beta Cell Zinc Transporter

Chimienti (2005) BioMetals 18:313

Presenter
Presentation Notes
Transport zinc from cytoplasm into insulin secretory vesicles, 6 insulin molecules and 2 zinc ions

Arg325Trp variant in C-terminal tail of 6-transmembrane protein



Zinc is also an important component of insulin secretion mechanisms through an autocrine action and modulates the function of neighboring cells via paracrine interactions.









How could IGF2BP2 be related to diabetes?

•
 

IGF2BP2 codes for the insulin-like growth factor 2 
mRNA binding protein 2

•
 

But we know very little about what this does

•
 

A related gene, IGF2BP1, codes for a protein that 
binds to the upstream leader sequence of the insulin- 
like growth factor 2 (IGF2) mRNA and regulates 
IGF2 protein production

•
 

IGF2 is involved in development, growth, and 
stimulation of insulin action









Conclusions
•

 
Early sharing of data with other groups was 
essential to successful discovery of risk variants

•
 

Having “positive controls” was very helpful
•

 
Merging genotype data across different GWA 
platforms is essentially a solved problem

•
 

Delaying publication until the evidence was 
overwhelming was a wise choice

•
 

These same data sets will no doubt reveal further 
gene variants that contribute to:
–

 
Type 2 diabetes

–
 

Related traits – lipids, BP, anthropometrics,..
•

 
Principles for GWA publication will soon appear



What Constitutes Replication of a 
Genotype-Phenotype Association? 

Summary of an NCI-NHGRI 
Working Group 

NCI-NHGRI Working Group on 
Replication in Association Studies 

[Nature, in press]
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