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Sample descriptions

Stage 1 and 2 Sample Descriptions: The Stage 1 autosomal and X chromosome meta-analysis sample comprises
8,130 cases and 38,987 controls. The Stage 2 autosomal meta-analysis sample comprises up to 34,412 cases and
59,925 controls, with in silico data from 2,832 cases and 15,843 controls and de novo genotyping (or in one
instance, combined de novo and in silico data) for a further 31,580 cases and 44,082 controls. The Stage 2 X
chromosome meta-analysis sample comprises 8,535 cases and 12,326 controls with de novo genotyping. The
sample counts are provided in Supplementary Table 1, sample characteristics in Supplementary Table 2 and
details of the SNP genotyping platform, genotype and sample quality control and T2D association analysis
approach in Table SN1.

Stage 1 Sample Descriptions
Stage 1 results for both autosomes and X markers were based on meta-analysis from eight GWAS studies.

DGDG (Diabetes Gene Discovery Group): Details of the samples and the GWA scan performed on them have
been described elsewhere®. Diabetic subjects were recruited at the UMR8090 CNRS unit in Lille (N=266) or at the
Endocrinology-Diabetology Department of the Corbeil-Essonnes Hospital (N=413). Controls were drawn from
participants in the Epidemiological Study on the Insulin Resistance syndrome (DESIR) program and were mainly
resident in west-central France. In all, we included 679 T2D cases and 697 normoglycemic controls in this study: all
were of French Caucasian origin. Cases were defined on the basis of: (i) T2D diagnosed according to 1997

American Diabetes Association (ADA)>**

criteria; (ii) a family history of diabetes in first degree relatives; and (iii)
BMI <30 kg/m?. Cases with a diagnosis of diabetes below 45 years of age were screened for known MODY
mutations. Cases from the Corbeil-Essonnes Hospital were also systematically tested for fasting C-peptide levels: if
fasting C-peptide levels were below 0.4 mg/I, subjects were also tested for anti-GAD antibodies: those with anti-
GAD antibodies >10U/ml were excluded. A subset (76/266) of the cases from UMR8090 CNRS were tested for
anti-islet-antibodies (positive if >5.5% islet beta-cells stained positive) and/or anti-insulin antibodies and positive
cases were excluded. Controls were defined as having: (i) age at examination >45yr; (ii) normal fasting glucose
according to 1997 ADA criteria®® (FG<5.7 mmol/l); and (iii) BMI <27 kg/m?Z.

55 Cases

deCODE: Details of the samples and the GWA scan performed on them have been described elsewhere
were recruited based on lists of diabetic individuals diagnosed either through a long-term epidemiology study
performed at the Icelandic Heart Association or at one of two major hospitals in Reykjavik. Additional cases were
recruited through screening for T2D amongst participants in deCODE genetics-funded family-based studies on
cardiovascular and metabolic traits. These Icelandic samples consist of 1,465 T2D cases and 23,194 population-
based controls who were not known to have diabetes. All participants answered a questionnaire, including
questions on medication and age at diagnosis. For those individuals with known diabetes, T2D was defined on the
basis of treatment with diet and/or oral glucose-lowering agents. Individuals currently treated with insulin were
classified as having T2D if they were also using or had previously used oral glucose-lowering agents. For
previously-undiagnosed individuals, the diagnosis of T2D was based on the criteria set by the ADA®**. Anti-
glutamic acid decarboxylase (anti-GAD) antibodies were measured in 75% of the patients and, of those, 90%
tested negative (<32 ng/ml). However, in this study, to maintain consistency with previous reports, subjects with
positive anti-GAD antibodies were not excluded. Controls were defined as individuals with no known T2D or
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diabetes medication use.

DGI (Diabetes Genetics Initiative): Details of the samples and the GWA scan performed on them have been
described elsewhere®®*’. For this analysis, however, we excluded the discordant-sibship component included in
some earlier DGI studies, so that we could perform an OR based meta-analysis. The Finnish samples (656 cases,
720 controls) were predominantly ascertained from the Botnia region of Finland and the Swedish samples (366
cases, 355 controls) were recruited in Southern Sweden and Skara. Thus, the combined data set includes 1022
cases and 1075 NGT controls. Cases from both countries were defined as meeting WHO (1999) criteria®® with FG >
7.0 mmol/l or a 2-hour glucose > 11.1 mmol/I during an oral glucose tolerance test (OGTT). Cases had an age of
diagnosis >35 years and no detectable glutamic acid decarboxylase antibodies (defined as anti-GAD antibody
levels <32 IU/ml in the Finnish samples or <1.3 anti-GAD relative units in Sweden). Controls were defined as
normal glucose tolerant (NGT) and having no first degree relatives with T2D. Cases and controls were selected to
be matched on age (within 5 years of onset), sex, BMI, and geographic similarity.

EUROSPAN (European Special Population Network): Details of the samples and the previous GWA scan have
been described elsewhere®*'**'**!?, Cases and controls were ascertained from four genetically isolated European
populations recruited from: South Tyrol, Italy (MICROS: Study of Micro-isolates in South Tyrol); Vis island, Croatia;
Rucphen, Netherlands (ERF: the Erasmus Rucphen Family study); and Orkney Islands, Scotland (ORCADES: Orkney
Complex Disease Study). The Scottish, South Tyrolean and Croatian populations are small populations founded by
a limited number of individuals and/or have undergone a population bottleneck, followed by long isolation and
no immigration®". The Dutch population is a recently isolated population located in the southwest of the
Netherlands®'. Participants ranged in age from 18-100 years and have decreased genetic diversity, increased
linkage disequilibrium, and higher degrees of relatedness compared to non-isolated populations (though these
factors were taken into account in the analyses). A total of 268 T2D cases and 3,710 normoglycemic controls were
included in the present study. For all samples, T2D was defined as FPG >= 7.0mmol/I and/or use of anti-diabetic
medication. No islet autoantibodies were measured. Controls were normoglycemic and did not have any history of
using medication for T2D.

FUSION (Finland-United States Investigation of NIDDM Genetics): Details of the samples and the GWA scan
performed on them have been described elsewhere®™. The FUSION study collection includes Finnish T2D sibpairs
(where the T2D proband had a reported age-of-diagnosis between 35 and 60), their family members and spouses
and also contains (as additional controls) individuals from Vantaa, Finland, who were born in 1925 and were
normal glucose tolerant (NGT) at ages 65 and 70. Only one T2D case per family was included (n=789); controls
were selected from the spouses (n=304) and from the older individuals from Vantaa (n=219). A further 372 cases
and 651 controls (also of Finnish origin) were selected from Finrisk2002, a population-based risk factor survey®'.
In total, therefore, the FUSION sample comprises 1,161 T2D cases and 1,174 NGT controls. T2D cases were defined
by WHO 1999 criteria®® of fasting plasma glucose >7.0 mmol/I or 2-h plasma glucose >11.1 mmol/I, by report of
diabetes medication use, or based on medical record review. FUSION cases were excluded if they had: (i) known
or probable type 1 diabetes amongst first degree relatives; (ii) insulin treatment initiated within 10 years of disease
diagnosis, detectable levels of anti-GAD antibodies and fasting C-peptide <0.30 nmol/I; or (iii) insulin treatment
initiated within 4 years of diagnosis and fasting C-peptide <0.30 nmol/I. Controls had NGT as defined by WHO
1999 criteria®®. Cases and controls were approximately frequency matched by 5-year age category, sex, and birth
province.
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KORAgen (Cooperative Health Research in the Region of Augsburg, Southern Germany): Details of the

SI7318519 KORA is a regional

samples and the GWA scan performed on them have been described elsewhere
research platform for population-based studies, subsequent follow-up studies and family studies, established in
1996 to expand the WHO (World Health Organization) MONICA (Monitoring of Trends and Determinants in
Cardiovascular Disease) project in Augsburg. For DIAGRAM+ Stage 1, we included 433 T2D cases and 1,438 non-
diabetic controls, all of German ethnicity. Participants were ascertained from the KORA surveys S3 (1994/1995), F3
(follow-up of S3, 2004/2005) and S4 (1999-2001). Cases were identified by self report of T2D in a personal
interview which was validated by a questionnaire mailed to the treating physician and/or by medical chart review.

No islet autoantibodies were measured. Controls were non-diabetic as defined by self-report.

Rotterdam Study: Details of the samples and the GWA scan performed on them have been described
elsewhere®®. The Rotterdam Study is an ongoing prospective, population-based, cohort study among inhabitants

20 Baseline

of a Rotterdam suburb to investigate chronic diseases in persons aged 55 years and above
examinations took place from 1990-1993 and in 1999. In addition to continual surveillance for major disease
outcomes, follow-up examinations were performed at ~3 year intervals. These samples used in DIAGRAM+ Stage
1 comprise 1,178 T2D cases and 4,761 non-diabetic population controls, all of Dutch ethnicity. At baseline,
prevalent cases of diabetes were diagnosed by a non-fasting or postload glucose level (after oral glucose
tolerance testing) >11.1 mmol/l and/or treatment with oral antidiabetic medication or insulin. During follow-up,
incident diabetes was diagnosed as fasting plasma glucose levels >7.0 mmol/l, non-fasting plasma glucose levels
>11.0 mmol/l and/or treatment with oral antidiabetic medication or insulin. All diagnoses of T2D were confirmed
by a general practitioner. Patients registered in general practitioner records as having type 1 diabetes were
excluded from the present analyses (n = 15). Islet cell specific antibodies were not measured. At baseline, controls
from the 1990-1993 cohort were defined on the basis of NGT or nonfasting glucose level <11.0 mmol/l, and from
the 1999 cohort on the basis of FPG <7.0 mmol/I. During the follow-up, controls from either cohort had to
maintain FPG <7.0 mmol/I and have no physician diagnosis of diabetes.

WTCCC/UKT2D (Wellcome Trust Case Control Consortium/United Kingdom Type 2 Diabetes Genetics
consortium) Details of the samples and the GWA scan performed on them have been described elsewhere®’ %,
The T2D cases were selected from UK Caucasian subjects who are part of the Diabetes UK Warren 2 repository.
Approximately 30% were explicitly recruited as part of multiplex sibships®? and ~25% were offspring in parent-
offspring “trios” or “duos” (that is families comprising only one parent complemented by additional sibs)***. The
remainder were recruited as isolated cases but these cases were (compared to population-based cases) of

5% Controls were derived from two

relatively early onset and had a high proportion of T2D parents and/or siblings
sources in approximately equal numbers. First, the 1958 Birth Cohort (also known as the National Child

Development Study) includes all births in England, Wales and Scotland, during one week in 1958. In a biomedical
examination at 44-45 years>*° (http://www.b58cgene.squl.ac.uk/followup.php), blood was drawn and EBV

transformed cell lines prepared. Second, the WTCCC in collaboration with the UK Blood Services set up a UK

national repository of anonymised samples of DNA and viable mononuclear cells from consenting blood donors,
age range 18-69 years. The samples included in the DIAGRAM+ Stage 1 are those from the WTCCC study and
comprise 1,924 T2D cases and 2,938 population controls. Cases were individuals who reported all four
grandparents having exclusively British and/or Irish origin, by both self-reported ethnicity and place of birth. T2D
was defined as current prescribed treatment with sulphonylureas, biguanides, other oral agents and/or insulin or,
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in the case of individuals treated with diet alone, historical or contemporary laboratory evidence of hyperglycemia
(as defined by WHO *%). Individuals with other known forms of diabetes, e.g. maturity-onset diabetes of the young
and mitochondrial diabetes, were excluded. Other inclusion criteria were: absence of first-degree relatives with
type 1 diabetes; an interval of 21 year between diagnosis and institution of regular insulin therapy; and negative
testing for antibodies to glutamic acid decarboxylase (anti-GAD). An anti-GAD titer >10 U (corresponding to ~8
SD above the mean of 88 normal control subjects) in duplicate samples was considered positive. All cases were
diagnosed between age 25 and 75. Controls from both sources were selected without reference to T2D status.
1958 Birth Cohort controls were of self-reported white ethnicity and were representative of gender and each
geographical region. The UK blood donor controls were selected based on sex and geographical region to
reproduce the distribution of the samples of the 1958 Birth Cohort.

Stage 2 Sample Descriptions

We obtained association summary results for up to 23 of the most strongly associated autosomal SNPs from 19
independent samples (not including Breda). As the Stage 1 X chromosome signal only emerged some time after
the autosomal signals, and since X chromosome imputation had not been performed for ARIC, FHS and NHS,
replication genotyping for rs5945326 has been confined to Breda, DARTS, a subset of DGDG (Stage2) and Ulm.

In silico Stage 2 data: We obtained association summary results for the 23 most strongly associated autosomal
SNPs from three GWA studies (not included in the 8-study GWAS meta-analysis).

ARIC (Atherosclerosis Risk in Communities Study): Details of the samples and the GWA scan performed on
them have been described elsewhere®***. The Atherosclerosis Risk in Communities (ARIC) study is a prospective
study to investigate the etiology of atherosclerosis and another outcomes in each of four US communities
(Forsyth County, North Carolina; Jackson, Mississippi; suburbs of Minneapolis, Minnesota; Washington County,
Maryland). We included data from European ancestry samples only —in total, 691 T2D cases and 6,425 non-T2D
controls. Cases and controls were ascertained at the baseline examination (1987-89). Diabetes was defined as self-
reported physician diagnosis of diabetes, self-reported use of diabetes medications in the last two weeks, fasting
glucose > 126 mg/dL or casual glucose > 200 mg/dL. No islet antibodies were measured. Admixture of T1D cases
within the diabetes group is estimated at 2% based on self-reported age of diagnosis and insulin use at baseline.
Controls had fasting glucose <110 mg/dl.

FHS (Framingham Heart Study): Details of the samples and the GWA scan performed on them have been
described elsewhere®*******! These data were collected over three epochs, beginning in 1948, in a study designed
to allow prospective study of cardiovascular and metabolic outcomes over several generations. The FHS sample
for which GWA data could be included in DIAGRAM+ Stage 2 replication comprised 674 T2D cases and 7,664 non-
diabetic controls from all three generations of Framingham participants. Almost all are of European ancestry.
Diabetes was defined as: (i) for cohort “Gen 1"°%°, casual glucose =200 mg/dI at any of the study examinations (1-
22) or taking diabetes medication (oral or insulin) at any examination ; (ii) for the offspring (Gen 2) cohort™,
fasting plasma glucose >126 mg/dl at any examination (1-7) or diabetes treatment at any visit (in the offspring,
>99% of diabetes is type 2 diabetes); and (iii) for the “Gen 3" cohort®*": fasting plasma glucose =126 mg/d| at
exam 1 or diabetes treatment at exam 1. No islet autoantibodies were measured in any individual. Controls had no

diabetes (fasting glucose <126 mg/dl and no T2D medication) at their last study visits.
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NHS (Nurses Health Study): Details of the NHS have been described previously532

diet, lifestyle, and biological factors that influence the development of chronic diseases in nurses from the United

. NHS is a longitudinal study of

States. For DIAGRAM+ Stage 2, we included European ancestry samples for a total of 1,467 T2D cases and 1,754
non-diabetic controls. Cases and controls were selected using a "nested" case-control study design. Before 1998,
T2D was defined using criteria consistent with those proposed by the National Diabetes Data Group (NDDG)>*.
During the 1998 and 2000 cycles, T2D was defined using the ADA criteria®***. Individuals reporting diagnosis of
type 1 diabetes were excluded. No islet autoantibodies were measured. Controls did not have diabetes at baseline

and remained without diabetes through the 2006 follow-up.

De novo Stage 2 genotyping or combined de novo genotyping and GWAS: Additional autosomal SNP
genotyping was performed in 16 case-control studies. In 15 samples all of this additional genotyping was de novo;
but in the last (Diagene/Rotterdam), the analysis was based on a combination of de novo typing and GWAS data
not otherwise included in Stage 1. Genotyping on the X chromosome SNP was performed in 4 studies (Breda,
DARTS, a subset of DGDG (Stage2) and UIm).

ADDITION/Ely (Anglo-Danish-Dutch study of Intensive Treatment In PeOple with screeN detected diabetes
in primary care/MRC Ely Study): Detailed characteristics of these study populations have been described

elsewhere®’ #3453

. The Cambridge arm of ADDITION study identified previously undiagnosed T2D cases via a
population-based stepwise screening strategy among 40 to 69 year olds (generating 800 cases). The MRC Ely
study is a population-based cohort of white European men and women aged 35 to 79 years (and provided 92
cases and 1612 controls). Therefore, for purposes of Stage 2, we had access to 892 T2D cases and 1612 non-
diabetic controls. All participants were of British, Irish and/or other white ethnic origin. T2D was defined based on
WHO criteria *®. No islet autoantibodies were measured. Controls had no diagnosed diabetes based on WHO
criteria and were from a similar sampling frame as the cases™>.

536537 Cases

Breda (Breda Study): Detailed characteristics of the study sample have been described elsewhere
were recruited in 1998-1999 in collaboration with the Diabetes Service Breda and 80 general practitioners from
the city of Breda in The Netherlands. The control sample is made up of healthy blood bank donors with unknown
T2D status. We had access to 545 T2D cases and 880 controls of unknown T2D status. T2D was diagnosed

according to WHO criteria®®***

and cases had at least one additional family member with T2D. Cases were
excluded if they had received insulin within a year of diagnosis, had a history of ketoacidosis, displayed
undetectable C-peptide concentrations, a positive family history of T1D or a family history indicative of
monogenic diabetes. No islet autoantibodies were measured. As controls were blood donors, no information on
T2D status was available. All cases and controls were from The Netherlands and of European descent, and at least
three of their four grandparents were also born in The Netherlands. These samples were used only for the X
chromosome SNP genotyping.

CCCS (Cambridgeshire Case-Control Study): Detailed characteristics of these study samples have been

described elsewhere®”***

. Cases aged 45-76 years were randomly selected from 41 general practitioner diabetes
registers in Cambridgeshire, UK. Controls were recruited at random from the same population sampling frame. For
DIAGRAM+ Stage 2 replication, we had access to 541 T2D cases and 527 non-diabetic controls of white European
UK origin. T2D was defined using diagnosis of diabetes at age >30 years and lack of insulin use in the first year
after diagnosis 39 Anti-GAD antibodies were measured in a subset of the cases (n=394) to examine the

proportion of late onset autoimmune diabetes: 12% of the cases had some evidence of islet autoimmunity.
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Diabetes was excluded in controls by medical record search and by a glycated haemoglobin measurement of less
than 6%. Controls were individually matched to cases for age, sex and GP practice.

DARTS (The Diabetes Audit and Research in Tayside Scotland): Sample characteristics have been reported
elsewhere®’***. For the DIAGRAM+ Stage 2 analysis, we included 5,113 T2D cases and 6,615 normoglycemic
population-based controls, all of European UK origin. The numbers included in this study are larger than those
previously reported for this sample®*? due to ongoing recruitment to the same criteria. Cases had T2D
diagnosed between the ages of 35-70 years (inclusive). The diagnosis of diabetes was based on either current
prescribed treatment with diabetes-specific medication or, in the case of individuals treated with diet alone,

laboratory evidence of diabetes as defined by the WHO*®*%

. Cases were excluded if they had an established
(clinical and/or molecular) diagnosis of monogenic diabetes (e.g. maturity-onset diabetes of the young,
mitochondrial diabetes) or if they had been treated with regular insulin therapy within 1 year of diagnosis. No islet
autoantibodies were measured. Controls were defined as having no diagnosis of diabetes at the time of
recruitment (or subsequently), fasting glucose <7.0 mmol/Il, HbAlc <6.4% and age < 80 years.

DGDG (Diabetes Gene Discovery Group) (Stage 2): Sample characteristics have been described previously*"**.

Both cases and control groups were recruited through hospital attendance, media campaigns and epidemiological
studies. Diabetic individuals were recruited at the UMR8090 CNRS unit in Lille (n=452), from incident cases in the
D.E.SIR cohort (n=262), at the Endocrinology-Diabetology Department of the Corbeil-Essonnes Hospital
(n=1,124) and at the Endocrinology-Diabetology Department of the Poitiers University Hospital (n=1,362).
Controls were ascertained as part of the D.E.S.IR. cohort (n=1,977), from the “Fleurbaix-Laventie Ville Santé”
cohorts® (n=212), or at the UMR8090 CNRS unit in Lille (n=936). In total therefore, 3,200 T2D cases and 3,125
normoglycemic controls of French Caucasian samples were available. T2D recruitment was based on 1997 ADA
criteria®® and BMI <35 kg/m?. As described for the Stage 1 DGDG sample, cases from the Corbeil-Essonnes
Hospital (n=891) were tested for C-peptide, while a subset of cases from UMR8090 (n=121) were tested for anti-
islets auto-antibodies and/or anti-insulin antibodies. The remaining cases were not tested for auto antibodies
markers. Controls were defined on the basis of normoglycemia according to 1997 ADA criteria®* (FG <5.7 mmol/L),
age at exam >40 years, and BMI <35 kg/m?.

DiaGene/Rotterdam Study: Sample characteristics and recruitment of the Rotterdam Study and DiaGene study
have been described in detail elsewhere®”’. Rotterdam Study participants for Stage 2 were recruited to the
Rotterdam Study between 2006-2008°*° and were not included in the Rotterdam Stage 1 GWAS sample. The
DiaGene study is an ongoing collection of population-based T2D cases and controls from the city of Eindhoven,
the Netherlands. The Stage 2 sample includes a total of 1,699 cases (Rotterdam Study, n=239; DiaGene, n=1,460)
and 1,656 non-diabetic controls from the Rotterdam Study. Cases were diagnosed according to WHO and ADA

525358538 9 /or based on treatment with oral anti-diabetic medication or insulin. No islet

guidelines
autoantibodies were measured. Controls are aged >55years and did not have diabetes and remained without
diabetes throughout follow-up. The Rotterdam Study sample had GWAS data available (but this arrived too late
for inclusion in the Stage 1 meta-analysis) and had been imputed as described above for the Stage 1 samples. The

DiaGene sample was specifically genotyped for the SNPs of interest.

FUSION2 (Finland-United States Investigation of NIDDM Genetics, Stage 2): Detailed characteristics of the
study sample have been described elsewhere®. The cases and controls were selected from the Dehko2D, Health

2000, Finrisk 1987, Finrisk 2002 and Savitaipale Diabetes studies, with additional cases provided by the Action
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LADA study. The Dehko2D, Health 2000, Finrisk and Savitaipale Diabetes studies are population-based surveys;
Action LADA is a study of latent autoimmune diabetes in adults (LADA) in recently-diagnosed diabetes patients
(though recruitment here was restricted to those who were GAD-antibody negative). In all, we had access to 1,211
T2D cases and 1,266 NGT controls, all of Finnish origin. T2D was defined according to WHO 1999 criteria®®. No
islet autoantibodies were measured in the four other studies. Controls were NGT and were approximately
frequency-matched to the T2D cases by five-year age category, sex, and birth province.

GCI-Poland (Genomics Collaborative, Inc., Polish sample): Detailed characteristics of this study sample have
been described elsewhere®®. These samples originated from a repository of individuals enrolled in studies of
multifactorial disease, as well as samples from healthy individuals enrolled as control subjects. We included data
from 790 T2D cases and 803 normoglycemic controls, of Polish origin. All samples came from a single location in
Poland and had two parents and four grandparents with Polish ethnicity. T2D patients were defined according to
current WHO (1999) criteria *®. No islet autoantibodies were measured. Control subjects were healthy individuals
with FPG <7 mmol/I and with no known history of chronic disease. Cases and controls were matched by age, sex
and grand-parental country of origin.

GCI-US (Genomics Collaborative, Inc., US sample): Detailed characteristics of this study sample have been
described elsewhere®®. These samples originated from a repository of individuals enrolled in studies of
multifactorial disease, as well as samples from healthy individuals enrolled as control subjects. Here, we included
data from 1,190 T2D cases and 1,168 normoglycemic controls, all of US European origin. All were non-Hispanic
and had two parents and four grandparents with self-reported US European ethnicity. T2D patients were defined
according to current WHO (1999) criteria®®. No islet autoantibodies were measured. Control subjects were healthy
individuals with FPG <7 mmol/I and with no known history of chronic disease. Cases and controls were matched
by age, sex and grand-parental country of origin.

HUNT (Nord-Trendelag Health Study): Details of the study sample have been described elsewhere®. Cases and
controls were from the county of Nord-Trgndelag in central Norway and selected from the HUNT2 study. We
included 1,213 population-based T2D cases and 3,221 non-diabetic controls, all of Norwegian origin. Cases were
initially identified by self-report of treatment for diabetes (diet only, oral anti-diabetic medication, or insulin
treatment started at least 12 months after the onset of diabetes). After additional phenotyping, T2D cases were
further defined by anti-GAD antibody <0.08 units and at least one of the following: C-peptide levels >150 pmol/I
or age of diagnosis >35years. The controls were individuals who gave no report of a personal history of diabetes.

KORAgen (Cooperative Health Research in the Region of Augsburg, Southern Germany): Details of the
KORA Surveys and the family study have been described elsewhere®'”*'**** In DIAGRAM+ Stage 2, we included
1,016 T2D cases and 1,498 non-diabetic controls, all of German origin. Of this total, 447 cases (independent of
those included in the Stage 1 KORAgen GWAS sample) were drawn from four KORA surveys (S1-S4, 1984-2001)*"
and 569 cases were drawn from the KORA T2DM Family Study (T2DMFAM, 2001/2002)519. Age-and sex-matched
controls were from KORA survey S4. Case and control definitions were the same as those described earlier for the
Stage 1 KORAgen sample.

Malmo (Malmo Diabetes Registry/Malmo Diet and Cancer Study): Detailed characteristics of this study sample
have been described elsewhere®. Cases were selected from the Malmo Diabetes Registry. Controls were chosen
from the Malmo Diet and Cancer study. In all, for DIAGRAM+ Stage 2, we included 2,449 cases and 3,363
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normoglycemic controls. T2D was defined according to WHO (1999)>%. In addition, all cases had Scandinavian
origin, age of diagnosis of T2D >35 years, C-peptide >0.3 nmol/l and were anti-GAD antibody negative (as
described for the Stage 1 DGI study). Controls were Swedes defined as having fasting blood glucose <5.5 mmol/I
and HbAlc <6.0%.

METSIM (METabolic Syndrome In Men): Detailed sample characteristics have been reported elsewhere®?. The
METSIM study sample is randomly selected from the population register of the town of Kuopio in Eastern Finland.
For the present study, we included 940 T2D cases and 4,152 NGT controls, all of Finnish origin. T2D was defined
using WHO 1999 criteria®®. Type 1 diabetic subjects were excluded on the basis of clinical history according to
WHO criteria®® including ketoacidosis at diagnosis and insulin treatment started at diagnosis. Measurement of
GAD auto-antibodies in a subset of the cohort suggests <5% have LADA. Controls had NGT (NGT).

NDCCS (EPIC and Norfolk Diabetes Case Control Study): Detailed characteristics of the samples have been
described elsewhere®’. The Norfolk Diabetes Case-Control Study is an ongoing study of men and women with T2D
in Norfolk. All T2D patients identified through general practice diabetes registers in Norfolk and local hospital
diabetes clinic and retinal screening programme patient registers are invited to participate. The sample included
in DIAGRAM Stage 2 includes 6,056 T2D cases and 6,428 controls reporting British, Irish and/ or other white ethnic
origin. T2D was defined as clinically diagnosed diabetes, with no record of insulin use during the first year of
diagnosis, cystic fibrosis, chronic pancreatitis or long term steroid use. No islet autoantibodies were measured.
Controls were randomly selected from EPIC-Norfolk participants and were free of known diabetes at baseline or
during follow-up. Diabetes was excluded in controls based on self-report (self reported history of diabetes, doctor
diagnosed diabetes, anti-diabetic drug use), linkage to primary care registers, secondary care registers, hospital
admissions and mortality data.

Steno (Steno Diabetes Center Study): Detailed sample characteristics have been reported elsewhere®’****5*,

The cases are made up of: (a) T2D individuals from the population-based Inter99 sample of middle-aged people
sampled at Research Centre for Prevention and Health®*; (b) T2D patients sampled through the out-patient clinic
at Steno Diabetes Center; and (c) T2D cases from the Danish ADDITION study sampled through the Department of

General Practice at University of Aarhus>>***

. Control subjects were derived from: (a) Inter99, and (b) from a
population-based group of middle-aged subjects recruited from Steno Diabetes Center, whose phenotype
characterisation was similar to that of Inter99. As a result, a total of 3,672 T2D cases and 5,046 NGT controls were
available for this study, all of Danish origin. T2D was diagnosed in accordance with WHO criteria®®***. Diabetic
individuals with the following known conditions/clinical features were excluded from the category of type 2
diabetes: chronic pancreatitis; hemochromatosis; severe insulin resistance; maturity-onset diabetes of the young;
maternally inherited diabetes and deafness; family history of first-degree relatives with type 1 diabetes; insulin
requirement within the first year after diabetes diagnosis; fasting serum C-peptide level <150 pmol/I at the time of
recruitment; anti-GAD antibody positivity (level >0 U/ml). Controls were all of NGT.

Ulm (Center of Excellence-Baden-Wuerttemberg Type 2 Diabetes Cohort): Detailed sample characteristics

%5 All samples were ascertained through the Centre of Excellence for Metabolic

have been reported elsewhere
Disorders Division at Ulm University. For this study, we had access to 944 T2D cases and 1,949 NGT controls, all of
German origin. T2D was defined as FPG >125 mg/d|, or 2 hour glucose >200 mg/dI after oral glucose tolerance

test (OGTT), or, alternatively, use of oral anti-diabetic agents and/or insulin. In addition, all individuals were tested

for serum autoantibodies including anti-GAD, anti-insulinoma-associated protein 2 (IA2) and anti-islet cell
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(ICA)***** Positive IA2 or anti-GAD antibody levels were defined as levels >99'9 percentile based on 2000
healthy adults. ICA levels >20 JDF units were considered to be positive. Controls were NGT (in 1100, confirmed by
HbAlc <6%) and had no evidence of islet autoimmunity.

W2C/UKBS (Warren 2 Consortium/United Kingdom Blood Services): Sample characteristics have been
reported elsewhere®*?. The cases were individuals from the wider Warren 2 consortium collection who had not
been included in the WTCCC GWA (as described under Stage 1). The controls were samples from the UK Blood
Services Controls (UKBS) (see Stage 1) also not included in the WTCCC GWAS study. A total of 654 T2D cases and
1,653 UKBS population controls of UK origin were included. Inclusion and exclusion criteria are as described for

Stage 1 WTCCC, but these 654 cases were not recruited as part of sibships, duos or trios.

All samples used had been collected with appropriate informed consent consistent with their use in the present
study.
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Genotyping Imputation Association Analysis Sample QC
Autosom  Chr X Total Autoso Autoso
al SNPs  SNPs . . .
. . Imputation Imputation  Autosomal Total X mal mal Analysis .
Platform Call Rate Meeting Meeting a . N . b Covariates Sample
Software’ Quality SNPs in Meta- chr SNPs  genotyp impute Software -
Qc Qc Analysi in Met d) a4 duplication/relate
Criteria Criteria nalysls Invie ?- ed Aac ¢ dness checks
Analysis
Stage 1
DGDG lumina Human Hap .5 o1 5095  >10* 207,972 8,863 | IMPUTE 001 PP ">l 5051387 57968 1.1 1.098 SNPTEST none 5095  Yes, removed
300 Bead Array 0.5
Yes, duplicates
lllumina Human Hap removed, related
300/300-duo+ or 6 proper-info > b b individuals
deCODE >0.01 >0.96 >10" 281,406 8,456 IMPUTE  >0.01 2,338,113 58,783 1.308 1.305 SNPTEST none >0.98
CNV370-duo Bead 0.5 accounted for by
Arrays use of genomic
control correction
Affymetrix GeneChip roper-info > Ge:cl;'IcNKed/ Age, Sex,
DGI Human Mapping 500k >0.01  >0.95  >10° 380,748 7,908 | MACH1 >0.01 P70 2,230,032 55,071  1.05 1.06 pplpi BMI, Study | >0.95 Yes, removed
Array Set ’ Center
Imputed
lllumina Human Hap GS:gtABi;/
EUROSPAN 300 or HapMap 370 >0.01 >0.98 >10° 309,642 8,983 MACH1 >0.01 ?>0.5 2,359,525 64,982° 0.974 0.977 SNP‘IYEST Age, Sex >0.98 Yes, removed
CNV Bead Arrays
Imputed
In-house Age. S
lllumina Human Hap 6 2 Genotyped/ gef €%
FUSION >0.01 >0.90 >10" 306,239 8,979 MACH1 >0.01 r'>0.3 2,413,085 60,218 1.03 1.04 Birth >0.975 Yes, removed
300 Bead Array mach2dat X
Province
Imputed
Affymetrix GeneChip roper-info >
KORAgen Human Mapping 500k >0.01 >0.95 >10° 356,183 8,176 IMPUTE  >0.01 pO 5 2,325,232 54,062 1.04 1.04 SNPTEST Age, Sex >0.93 Yes, checked
Array Set ’
GenABEL
Rotterdam Hllumina Human Hap . 51 5008  >10° 500,241 12,601| MACH1 >0.01 r>05 | 2,439,672 60,287 1006 101 Genotyped/ None | >0.975 Yes, removed
550 Bead Array SNPTEST
Imputed
>0.95 for PLINK
Affymetrix GeneChip -
WTCCC/UKT2D  Human Mapping 500k >0.01 "o 0%% 5107 393,142 8,204 | IMPUTE >0.01 "% 1™°>| 5308535 seea1 106 108 Conoohed none 5097 Yes, removed
Array Set MAF<0.05 Imputed
Stage 2
In silico replication
Affymetrix Genome- Age, Sex,
ARIC Wide Human SNP Array  >0.01 >0.90 >10™ 4 MACH1 >0.01 °>0.3 20 n/a n/a ProbABEL Study >0.95 Yes, removed
6.0 Center
generalized Yes, duplicates
Affymetrix GeneChip estimatin age. sex removed,
FHS Human Mapping 500k  >0.01 >0.95 >10"* 2 MACH1 >0.01 ?>05 23 1.14 1.02 X g cgo;mrt’ >0.95 relatedness
Array Set + MIPS 50K equat!on accounted for in
(GEE) inR the analysis
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PLINK
Affymetrix Genome-
NHS Wide Human SNP Array  >0.02  >0.98  >10° 1 MACH1 >0.02 r>03 23 1.02 1.02 G‘:TSZVB":L"/ age, BMI | >0.98 Yes, removed
6.0
Imputed
de novo genotyping or combined in silico/de novo
|genotyping
Sequenom and Custom 4 Age, Sex,
ADDITION/Ely TagMan SNP Assays >0.01 >0.90 >10 19 - - - 19 - - Stata BMI - -
Breda Tagman SNP Assays >0.01 >0.90 >10" 0 SPSS none
Sequenom and Custom -4 Age, Sex,
CCCS TagMan SNP Assays >0.01 >0.90 >10 20 20 - - Stata BMI - -
DARTS Tagman SNP Assays >0.01 >0.90 >10-4 20 - - - 20 - - Stata none - -
DGDG Sequenom iPLEXAssay >0.01  >0.90 >10" 22 - - - 22 - - PLINK none - -
DiaGene" Tagman SNP Assays >0.01 >0.90 >10* 23 - - - 23 - - SPSS - -
lllumina Infinium |1 Age, Sex,
Rotterdam® ?:(;”nf;:'as‘:fpszs Z:yas”(g 5001  >098 >10° 3 MACH1 001 r*>09 20 n/a n/a $PSs BMmI 5975  Yes, removed
SNPs)
Age, Sex,
FUSION2 Sequenom iPLEX Assays  >0.01 >0.90 >10™ 17 - - - 17 - - In-house Birth - -
province
GCl-Poland Sequenom iPLEX Assays  >0.01  >0.90  >107 19 - - - 19 - - PLINK hee, Sex - -
GCI-US Sequenom iPLEX Assays  >0.01  >0.90  >107 19 - - - 19 - - PLINK hee, Sex - -
HUNT Sequenom iPLEX Assays  >0.01 >0.90 >10™ 18 - - - 18 - - In-house Sex - -
KORAgen Sequenom iPLEX Assays  >0.01 >0.90 >10* 14 - - - 14 - - SAS Age, Sex - -
Malmo Sequenom iPLEX Assays  >0.01  >0.90  >107 19 - - - 19 - - PLINK Aec, Sex - -
METSIM Sequenom iPLEX Assays  >0.01  >0.90 >10" 17 - - - 17 - - In-house Age - -
Sequenom and Custom -4 Age, Sex,
NDCCS TagMan SNP Assays >0.01 >0.85 >10 20 - - - 20 - - Stata BMI - -
Steno KASPar SNP genotyping  >0.01 >0.95 >10™ 23 - - - 23 - - Rgul/Fishers none
Exact Test
ULM Sequenom iPLEX Assays  >0.01 >0.90 >10™ 21 - - - 21 - - PLINK none - -
W2C/UKBS Tagman SNP Assays >0.01 >0.90 >10-4 20 - - - 20 - - Stata none - -

Supplementary Note Table SN1: Stage 1 and Stage 2 Genotyping, Imputation and Analysis
?Autosomal SNP imputation was performed using IMPUTE**® or MACHL (Li, Y., Willer, C.J., Ding, J., Scheet, P., Abecasis, G.R., personal communication). For all groups, X

S48

chromosome imputation was performed using IMPUTE °™".
®Unless otherwise stated, logistic regression analysis was performed using the specified software or the genetic analysis program SNPTEST**®, PLINK 5*°, GenABEL **°, or

ProbABEL %,

‘Imputed only in ERF component of EUROSPAN. “YDiaGene and Rotterdam (Stage 2) analyzed together.
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Supplementary Note Figure SN1: Quantile-quantile plots for the Stage 1 meta-analysis (autosomal chromosomes
only) showing all data (top plots) and after excluding 17 previously reported signals (bottom panels). Those
excluded were TCF7L2, PPARG, KCNJ11, CDKAL1, CDKN2A, IGF2BP2, FTO, HHEX, SLC30A8, JAZF1, THADA,
CDC123, TSPAN8, NOTCH2, ADAMTS9, HNF1B and WFS1. In the left-hand panels, all individual Stage 1 samples
were subjected to genome-control correction; in the right panels a second round of post-meta-analysis genomic
control correction has been applied.
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Evaluation of potential effects of admixture of cases with autoimmune diabetes (either type 1 diabetes
or latent autoimmune diabetes of adulthood [LADA]).

As described above, the case collections included in the present study varied in the degree to which they were
able to exclude all individuals with diabetes due to causes other than type 2 diabetes. A particular issue arises
with autoimmune diabetes arising in later life (often termed LADA) which often results in a clinical diagnosis of
type 2 diabetes unless specific measures are taken to obtain a definitive diagnosis. LADA represents a late-
onset, more indolent form of type 1 diabetes and a number of studies have shown that variants that have an
impact on type 1 diabetes susceptibility are also associated with LADA®*"™>".

To establish the extent of any overlap, and therefore the potential that some of the signals we uncovered are
the result of case misclassification, we examined the extent to which variants known to influence susceptibility
to T1D and LADA were detected in our stage 1 analysis (Supplementary Note Table SN2). The list of loci
associated with type 1 diabetes is long, and most of the strongest T1D-association signals (HLA, INS, PTPN22,
CD25) have also been shown to be associated with LADAS™
(and LADA) are considerably greater than those of the T2D variants uncovered by DIAGRAM +,
presence/absence of these T1ID/LADA signals in our T2D meta-analysis should provide a sensitive test of

. As the effect sizes of these variants for T1D

misclassification.

Locus SNP Risk Rationale P- OR in DIAGRAM+ Effective
allele value Stage 1 analysis sample size

HLA rs1270942 G Tags rs1048709 and strong assoc with T1D 0.28 1.04 (0.97-1.11) 22570
HLA rs9267992 A Strong T1D association > 0.001 1.09 (1.03-1.15) 22570
HLA rs660895 G HLA-DR4 tag 0.007 1.07 (1.02-1.12) 22570
HLA rs3129941 G Strongest T1D association in WTCCC *° 0.015 1.06 (1.01-1.11) 22570
HLA rs926070 A Strong T1D association > 0.036 1.05 (1.00-1.09) 22570
HLA rs2187668 T HLA-DR3 tag 0.75 1.01 (0.95-1.07) 22570
HLA rs1270942 G Tags rs10487009 (see text) 0.28 1.04 (0.97-1.11) 22570
HLA rs630379 A Tags rs1048709 (see text) 0.18 0.96 (0.91-1.02) 12595
INS rs3842748 C Best available tag for INS rs689 0.70 0.99 (0.92-1.06) 13971
PTPN22 rs2476601 A Strongest signal in ref =7 0.45 1.02 (0.96-1.10) 22570
cD25 rs2104286 T T1D signal in ref *** 0.15 0.97 (0.82-1.01) 22570
CTLA4 rs1427676 T Strongest signal in in ref >’ 0.75 1.01 (0.97-1.05) 22570

Supplementary Note Table SN2: DIAGRAM+ Stage 1 OR and P-values for variants tagging the strongest signals for
T1D (and LADA).

As the table shows, we did find a weak association between several of the SNPs that have the strongest T1D
associations and/or which tag classical HLA risk alleles (e.g. rs9267992, P=0.001). However, none of these SNPs
was sufficiently associated in DIAGRAM+ Stage 1 to reach the threshold for follow-up. No evidence of T2D
association was seen at other loci.

One SNP in the HLA region worth comment is rs1048709: this is a SNP in the HLA Class 2 that did meet our
Stage 1 threshold (p=6x10"%; supplementary table 3) and which showed some evidence of replication, but did
not reach our threshold for overall significance (combined P-value ~ 1x107). This variant has not been typed
directly in T1D association studies, though imputation analyses conducted by John Todd's group in Cambridge
do indicate a strong association with T1D (J. Howson, personal communication). However, imputation within
the HLA is not straightforward and neither of the two SNPs that were used to impute rs1048709 in the T1D
analyses (rs630379 and rs1270942, the latter even more strongly associated with T1D than rs1048709) has any
evidence of a T2D association in Stage 1 analyses (see table above). Consequently we are unable to say
whether the (not quite genome wide significant) T2D signal at rs1048709 really reflects autoimmune diabetes
misclassification.
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All'in all, the data in the table indicate weak HLA associations that mirror those seen in autoimmune forms of
diabetes, and these would be consistent with a small degree of misclassification in our cases. This is not
altogether surprising, since, as the sample descriptions make clear, the extent to which the various case sets
had been purged of possible autoimmune cases differed from sample to sample. In some case samples, there
was rigorous exclusion of apparent autoimmune diabetes, but in others the relevant phenotypic information
(eg GAD antibodies) had never been collected. In many of these, clinical parameters (e.g. truncation on age of
onset, BMI and/or clinical therapy) will have had some (unquantifiable) effect on minimizing LADA and T1D
admixture. In designing this study, we took the pragmatic view that there was more to be gained in terms of
power by including all available cohorts (whether or not they had been able to exclude all autoimmune
diabetes) than would be lost by possible admixture. First, we reasoned that the success of T1D genetic
discovery (~45 loci described, several with large effects) would allow us to pick out any signals of autoimmune
diabetes that emerged from our analysis. Second, we reconsidered the ongoing debate about the exact
etiological relationship between LADA and T2D, prompted by recent studies that have shown that LADA
subjects have associations with T2D-risk alleles such as TCF7L2'efSS4, as well as T1D-risk alleles such as HLA and
INS. This implies that there is no strict diagnostic dividing line between LADA and T2D**%.

Based on the strong T1D association with HLA (typically single-SNP ORs of 2-3) and the weak effects seen in
the Stage 1, we estimate that the extent of any admixture of autoimmune diabetes amongst our T2D cases is
at most a few percent. Crucially, this degree of admixture was insufficient to drive even the relatively large HLA
signals for autoimmune diabetes to genome wide significance in our study and none of the other T1D/LADA
signals (despite allelic ORs far bigger than seen for any T2D signal to date) showed any signal whatsoever. In
this context it seems highly unlikely that any of the signals identified by DIAGRAM+ represent loci for
autoimmune diabetes that have been missed by the systematic large-scale efforts at gene discovery in T1D.
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DIAGRAM + association signals identified through imputation

As shown in Supplementary Table 3, Stage 1 associations for the lead SNPs at six of our new loci were
derived wholly or predominantly from imputed data. To ensure that these associations signals were not being
spuriously inflated we carried out the following checks (see Supplementary Note Table SN3).
e for each of these SNPs, imputation quality was good (all were obliged to have r*>0.3 or proper_info
>0.5 and all were far better than that [at least 0.77]);
e for five of the six SNPs, we had directly typed proxies that showed similar levels of association in Stage
1 data (see figure 2 and table below): four of these five would have met the criteria for Stage 1 follow-
up had we not chosen instead the imputed SNP.
e directly genotyped data for the lead SNP were available from many Stage 2 cohorts (typically ~ 30,000
cases and ~40,000 controls), and all of these show strong evidence of directionally-consistent
replication in those directly-genotyped samples.

Sample size Proxy SNP r’ of proxy to Proxy Stage 2 P-value for

weighted average lead SNP stage 1P directly genotyped data
imputation quality value only

rs4457053 ZBED3 0.777 rs7708285 0.86 1.0x10” 4.8x10°
rs972283 KLF14 0.965 rs4731702 1.0 2.1x10° 1.6x107
rs13292136 CHCHD9 0.984 rs10512085 0.88 7.2x10° 1.9x10"
rs231362 KcNQ1 0.787 None NA NA 1.2x10°®
rs7957197 HNE1A 0.952 rs7965349 0.82 1.5x10° 1.7x10"
rs11634397 ZFAND6 0.884 rs4778582 0.90 1.3x10” 2.5x10°

Supplementary Note Table SN3: Further information on the 6 lead SNPs for which the Stage 1 data was
predominantly or exclusively based on imputation.

All'in all, we see no evidence to suggest that the use of imputed data has led to false positive claims of
association at any of the new loci. All of the new loci have substantial confirmation based on direct Stage 2
genotyping and/or directly typed Stage 1 proxies. It is notable that for the two loci with the least convincing
imputation quality (rs4457053; rs231362) the directly typed Stage 2 samples are genome-wide significant in
their own right, suggesting that if anything, the use of imputed data in Stage 1 has led to an underestimate of
effect size rather than spurious associations.
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Supplementary Note Figure SN2: Locus plots for previously-reported and DIAGRAM+ genome-wide significant
signals. Stage 1 meta-analysis data only. All loci shown as 2Mb either side of lead SNP. Lead SNP denoted with red
diamond: colors of other SNPs denote LD relationships with the lead SNP based on CEU HapMap information (see
key). Recombination rates in CEU HapMap shown in blue traces (right-hand axis). The names of some genes are
not given due to reasons of space.

See following three pages for plots

Supplementary Note: Page 19



—log1o(P-value)

Nature GenejjgsorB®sgish- 1038/ng.609

10 = @ rs10923931 stage 1
® 2:08-10
"2:06-08
"2:04-06
"2:02-04
"2:00-02
2 missing

rs10923931

°
]
®
[
L]

HSD3B1 > <~ NOTCHZ
-
HSD3B2-> <~ ADAM30
[ 1
HAO2-> <= NBPF7
[
<- WARS2 <-REG4
i
<= TBX15 < HMGCS2
i |
SPAG17 PHGDH > <- FCGR1B
-
<= ZNF697 FAM728 ->
H []
T T T T T T
118.5 119 119.5 120 120.5 121
Position on chromosome 1 (Mb)
IRS1 Region
10 - @ rs7578326 stage 1 rs7578326
® 2:08-10
© 2:06-08
8 7 @ rm204-06
> ® 2:02-04
] ® 2:00-02
I§ @ 2 missing
[
>
o
1

RHBDDT—> <~ SLC19A3
- W
<= IRS1 <- DKFZp547H025
H H
KIAA1486 —> HRB ->
i i
<~ DOCK10 <= TM4SF20
[ = ]
<-CUL3 MFF > <= SPH|
] |
- FAM1248 COL4A3->  WDR69 ->|
[ ] [
<-CoL4Ad ccL20->
[T 1
T T T T
225 226 227 228

Position on chromosome 2 (Mb)

THADA Region

100

@ 1511899863 stage 1
® "2:08-10

80

(QIN/N2) @)es uoneulquIooas
—log1o(P-value)

rs11899863

100

<~ OXERT <~ ABCG5 X3 >
I
MTA3 -> DYNC2LIT ->  C2orf34 >
HH L) H———H
<- KCNG3 <-10C728819 <~ PREPL
I
<= COX7A2L PLEKHH2 -> SLC3AT ->
1
EMLs > <= THADA PPM1B ->
[} HiHHHHE Hi
LOC91461 > <-ZFP36L2 <~ LRPPRC <|
1
<= HAAO ABCGE —> <six2
" H ]
T T T T
42 43 44 45

Position on chromosome 2 (Mb)

PPARG Region

100 1513081389 stage 1

"2:08-1.0

80

L 4
°®
°
]
L]
°
°®

(QIN/INO) @Bl UoHBUIqWODaI
—logyo(P-value)

rs13081389

SLC6AT —> PPARG —> <~ IQSECT <=XP|
H HHH [ ] [}
SLC6A11 -> <= TIMP4 <-RPL32 TMEM4;
[} | 1
ATP2B2 SYN2 -> CAND2 -> <= CHCH|
[ —H [] 1
EC13 < C3orf31 <= TMEM40 <= WNT7A
1 ] 1 H
HRL <= VGLL4 <= RAF1 FBLN2 >
I [ H
N2 -> MKRN2 => HDAC11->
[ [
TSEN2 -> <= NUP210 LSM:
L] - []
T T T T
1 12 13 14

Position on chromosome 3 (Mb)

(QIN/ND) @)es uoneuIquIooas

— 100

(QIN/INO) @Bl UoHBUIqWOaI

100

80

60

40

- 20

— 100

— 80

IGF2BP2 Region WFS1 Region
10 — @ rs1470579 stage 1 rs1470579 100 10 — @ rs1801214 stage 1 rs1801214
® 2:08-10 ® 2:08-10
© 206-08 ’ 3 © "206-08
8 - @ r204-06 80 § 8 < @ m2:04-06 S
= ® "2:02-04 El = ® "2:02-04
] ® 2:00-02 S 3 ® 2:00-02
T 6 7 @ r2mising 60 “ai T 6 7 @ r2mising
T T
e SRS ®
=] 3 3
S 4 L4 § &4
g 2 g
[ [
=
2 ¢ 20 = 2
£
0 0 0
HTR3C —> WAP3KT3 > <~ ETV5 HRG—>  RTPT—> STK328 => WFST—> KIARO232 —> <= AFAPT
om i " 1 [
HTR3D -> <-EHHADH <~ SFRS10 FETUB -> <~ RPL39L <-CyTLt <-JAKMIP1  CNO -> <= PSAPLT
[ L] i 1 ] i [ i i
ABCCS <= C30rf70 < IGF2BP2 AHSG -> <- 80| MSX1 > <-FLJ46481  <-MRFAPIL1 ~ SORCS2->
o H W 0 i ——t—
PARL FAM131A-> VPS8=-> C3orf65 -> DNAJB11 > <= RTH - STX18 <= CRMP1 $100P >
i W Ll i
P6D1 EIF4GT -> SENP2 -> <- TBCCD1 <-ss7 234E -> EVC-> MREAPT -> HTR
[ i ] (R i H (3] 1
2-> PSMD2-> <= LIPH <= CRYGS RTP4 -> 09 -> < EVC2 MAN2B2 -> SH3TC|
" [l [y i [ ()
HTRIE -> <= TMEM41A <-DGKG KNG1-> <-MASP1 Cdorf6 —> <-PPP2R2C TBCID14-> <= ABLIM?|
[ ] [ ] [} 1 W [ ] (LT3
T T T T T T T
186 187 188 189 5 6 7 8
Position on chromosome 3 (Mb) Position on chromosome 4 (Mb)
CDKAL1 Region JAZF1 Region
25
@ 510440833 stage 1 rs10440833 — 100 10 - @ rs849134 stage 1 rs849134
® 2:08-10 * ® 2:08-10
_| © m206-08 3 © 2:06-08 *
20 3
© r2:04-06 —80 8 8 7 @ m2:04-08 °
® "2:02-04 i 2 5 ® 2:02-04 [
® 2:00-02 & S 3 ® 2:00-02 °
@® 2 missing % T 6 - @ r2missing °
7
s I '
3 2, |
- §
S
s %
= 2
g
0
<= PRL <= HOXAT JAZFT WIPF3 —>
1 ] — Hi
SOX4 -> < SKAP2 TAX1BP1 —> PRR15 ->
| i i W 1
CDKALT -> NX10 > <~ HOXA6 CHN2 ->
) 1 i -
E2F3-> 3-> <~ HOXAS <= CPVL C7orf
H 1 1 e
<= MBOAT1 NPAZBT <= HOXA4 <- KIAAO644 PLEKHA
[ 1 i
D4 -> L3 > <~ HOXA3 CREBS -> <= FKBP
1 [l e ]
HDGFL <~ HOXA2 <- LOC402644 <= SCRN
i [N] i 1]
T T T T T T T T
19 20 21 22 27 28 29 30

Position on chromosome 6 (Mb)

Position on chromosome 7 (Mb)

— 60

40

20

(QIN/ND) @)es uoneulquIooas

(QIN/INO) @Bl UoHBUIqWODaI

—logqo(P-value)

—logyo(P-value)

—logqo(P-value)

—logyo(P-value)

10

10

BCL11A Region

@ 15243021 stage 1
"2:08-10
"2:06-08
"2:04-06
"2:02-04
"2:00-02
2 missing

rs243021

@000 0@®

101

80

60

KIAAT84T > B3GN
H
PEX13 > COMMD?
] —=—
<= PUS10 <-ccT4
H [
REL > <= FAM161A
1
PAPOLG —> <= XPO1
[] "
<-BCL11A <= USP34
—H ———
AHSA2 ->
1
T T T T T T T
59 59.5 60 60.5 61 61.5 62

Position on chromosome 2 (Mb)

FP6VIF —> NRFT=> CPA4 —>
| b [) |
FLNC->  FAM40B -> CPA2 ->
[]

DC136 -> AHCYL2 -> CTorf45 ->

[l ] | H
PNTSW <= TMEM209

I [ 1
LU -> KLHDC10 ->
W [
1F1 => <= ZC3HC1 <~ PODXL
0 [ H

IRF5 > <-UBE2H CPAS-> MKLNT >

] (=] ] R
T T T T
129 130 131 132

Position on chromosome 7 (Mb)

0

(QIN/N2) @)es uoneulquIooas

ADAMTS9 Region
] @ rs6795735 stage 1 rs6795735 — 100
® 2:08-10
o 3
e ~80 g
3
z
=3
@ r2missing 60 2
5
S
8
4 40 3
S
S
-3 20 =
£
0
<= PSHlD6
1
ATXN;
HH
<- THOC7 < LRI
H B
S100A1L -> SLC25A26
1 =]
SYNPR -> <- MAGI1
— e
s <= ADAMTS9
b o
<- PRICKLE2
HH
T T T T
63 64 65 66
Position on chromosome 3 (Mb)
ZBED3 Region
@ 154457053 stage 1 rs4457053 100
® 2:08-10
© "2:06-08 3
© r204-06 80 8
® 2:02-04  § S
® 2:00-02 5
@ 2 missing 60 2
g
S
S
40 7
3
=
20 =
=4
0
1QGAP2 —> <- ZBED3 <~ LHFPL2
i [
AGGF1 -> SCAMPT ->
] HH
<= Corfa7 CRHBP -> <~ AP3B1
[]
POLK —> $1002 -> <- TBCA BHI
H
-~ COL4A3BP F2RLT > <-orP BHMT)
[l ] 1 [
HMGCR -> F2R-> <~ WDR41 <= DMG
v ) m
<-F2RL2 PDESB -> <-ARSB
1 [ ] HHH
T T T T
75 76 77 78
Position on chromosome 5 (Mb)
KLF14 Region
@ 5972283 stage 1 rs972283 — 100
® 2:08-10
© 2:06-08
© "2:04-06 ~ 80
® 2:02-04
® "2:00-02
® 2 missing

(QIN/INO) @l UoHBUIqUWODaI



—logyo(P-value)

—log1o(P-value)

—logyo(P-value)

Nature Geneisgivethegit, 1038/ng.609

] @ rs896854 stage 1 rs896854 10!
® r2:08-10
© 2:06-08
© 2:04-06 80
® r'2:02-04
® r'2:00-02
@ 2 missing 60
~ 40

<-GEM <~ TP53INPT PTDSST —>
<= CDH17 <= MTERFD1
(] 1
PPM2C > <-UQCRB
i
TMEM67 —> DPY19L4 —> <~ GDF6
] [
<-RBM128 RBM35A -> <~ C8orf37
i ] [
FAM92AT —> <= KIAA1429  PLEKHF2 -> PGC]
[ —HH
<-RAD54B  C80rf38 -> SDC2 >
[+ (] =
T T T T
95 96 97 98

Position on chromosome 8 (Mb)

20

2:00-02
2 missing

CHCHD9 Region
] @ 1513292136 stage 1 rs13292136 r
® 2:08-10
© 2:06-08
- © r2:04-06 r
® 2:02-04
°
°

CHCHD9 ->
PSAT1 >
CEP78->
[]
<- GNAQ
=

- GNAT4

i
A ->
M

TLE4 >
=i
T T T T
80 81 82 83
Position on chromosome 9 (Mb)
TCF7L2 Region

@ 157903146 stage 1 rs7903146

® "2:08-10 *

© 206-08

© 2 04-06 °

® rd02-04 e

® "200-02 °

@ 2 missing

0

(QIN/N2) @)es uoneulquIooas

100

80

80

<~ ZDHHC6 <-DCLRETA <~ ABLIMT
W
ACSL5 > C100rf81 -> <= AFAPTL2
] ] "
TECTB -> CASP7->  vWA2 >
<- GPAM <-NRAP  TDRD1->
1
A2A —> HABP2 => <~ C100rf118
i [ [
2> TCF7L2 -> ADRB1 -> TRUH
VTIHA => NHLRC2 -> FAM160B
—— ) []
T T T T
113 114 115 116
Position on chromosome 10 (Mb)
KCNJ11 Region
@ rs5215 stage 1 rs5215 — 100
® 2:08-10
© 2:06-08
© "2:04-06 — 80
® p:02-04
® *9:00-02
o missing — 60
40
20
0

NUCB2 -> <= TPH1 _<- SPTY2D1 <- CSRP:
[] (L] [ 1
<= PIK3C2A <- SERGEF <~ UEVLD ZDHHC13 |
|

<-RPS13 KCNCT -> <= SAA2 <= MRGPRX2
| H (] ]

<= PLEKHA7 MYOD1-> <-SAA4 <~ MRGPRX1
W i [ ]
C1orf58 > <-USHIC  MRGPRX4 -> <- PTPN5
1
<- SOX6 <-ABCC8  MRGPRX3-> <- IGSF22
B [} [ ]
<= KCNJ11 <- SAAL1  TMEMB6A -> <~ E2F¢
i [ | | ]
T T T T
16 17 18 19

Position on chromosome 11 (Mb)

(QIN/INO) @Bl UoHBUIqWODaI

100

(QIN/IND) ©)es uoneuIquIooas

(QIN/INO) @1l UoHBUIqWODaI

—log1o(P-value)

—logyo(P-value)

—log1o(P-value)

—logyo(P-value)

10

SLC30A8 Region
@ rs3802177 stage 1 rs3802177
® 2:08-10
© "2:06-08
© 204-06
® 2:02-04 ’o
® 2:00-02
© 2 missing

101

80

SLC30A8 —>

LOC441376 —>
<« RADI?1 COLEC

uTP23 > < TNFRS:1

< E/FISH <= SAMD12 !
= ——H
«
MED30 ->
T T ! T T
17 118 119 120

Position on chromosome 8 (Mb)

CDC123/CAMK1D Region

1512779790 stage 1

rs12779790

0

(QIN/ND) @)es uoneuIquIooas

— 100

"2:08-1.0

000000 ¢

DHTKDT —> MCM70 —>
L] []
<= UPF2 OPTN -> <- FRMD4A
C100rf47 > <-CCDC3  PRPF18->
H =] (]
ECHDC3 -> CAMK1D > <= C100130
[ [l H
<= USP6NL cDC123 -> <- SEPHS1
cuGBP2 -> <= NUDTS <= PHYH
i ] 1
SEC61A2 -> <= C1001749
[} ]
T T T T
1" 12 13 14

Position on chromosome 10 (Mb)

KCNQ1 Region

@ 5231362 stage 1
"2:08-10
2:06-08
"2:04-06
"2:02-04
2:00-02
2 missing

rs231362

L]
°
]
®
°
]

(QIN/INO) @Bl UoHBUIqWOaI

100

80

— 100

— 80

~ 60

CENDT <-KRTAP5-3 <~ TH <= CDKN1C <~RHOG OR5ZM
1 I 1 1 I i I
PDDCT <-KRTAP5-2 <-INS ~KCNQ1 > FRAGT->  ORS2K1
L) Ha I 1 1 = 1 [
DOT-> < KRTAP5-1 <-TRPM5 <~ CARS <~ NUP98 OR52K2 -
LN 1 1 L) 1 L . 1 I
6L2 > <-DUSP8  IGF2AS -> <-NAP1L4  <-CHRNA10 <~ TRIM21
LI 1 1 1 1 1 |
80 -> <= HccAz <= PHLDA2 ART1-> <~ OR5284
L ] H— I # I I
EAF1 BRSK2-> MRPL23-> SLC22A18-> <~ ARTS RRM1-> OR52:
L I 1 1 [ ] 1
LC25A22 <~ KRTAP5-4 <~ ASCL2 <~ SLC22AT8AS STIMT > <~ C110
1} L] I 1 I L] HH ]
T T T T
1 2 3 4
Position on chromosome 11 (Mb)
CENTD2 Region
@ 51552224 stage 1 rs1552224
® 2:08-10
© r2:06-08
@ r'2:04-06
® 2:02-04
® 2:00-02
© 2 missing
KRTAP5-9->  INPPLT —> <= FCHSD2 <~ RAB6A
I H o HiH—H HH
KRTAP5-8 -> FOLR2-> ATG16L2 -> PLEKHB1 -> <-CH
1 1
KRTAP5-7 -> FOLR1-> <- STARD10 <- FAM168A <- UCP2 POLD3|
I H 1 H H— 1 L]
NADSYN1 -> FOLR3 -> <- CENTD2 RELT -> DNAJB13 ->
" 1 I ] L 1
<= DHCR7 <= C11orf51 <- PDE2A ARHGEF17 -> PAAF1 ->
I L)
\NK2 <- KRTAP5-11 <-CLPB P2RY6 -> <- CHCHD8
Il I 1 HHH H 1
KRTAP5-10 -> <- PHOX2A P2RY2->  MRPL48 —>
| LI} L] HH
T T T T
71 72 73 74

Position on chromosome 11 (Mb)

(QIN/ND) @)es uoneulquIooas

(QIN/INO) @Bl UoHBUIqWODaI

—logqo(P-value)

—logyo(P-value)

—logqo(P-value)

—logyo(P-value)

10

CDKN2A/B Region
@ 1510965250 stage 1 rs10965250 100
® 2:08-10 *
© "2:06-08 3
© "2:04-06 80 8
® 2:02-04 S
® 2:00-02 5
@ 2 missing 60 2
g
S
S
40 T
3
=
20 =
=4
0
<= IFNA2T
U
<= IFNW1
[
<= IFNB1 <= ELAVL2
[ HH
<= PTPLAD2 DMRTAT ->
o
KIAA1797 -> < IFNA13 <~ CDKN2B
HHHEH || |
<= MLLT3 <= IFNA7 <~ CDKN2A
iHH— [ ]
<= IFNA4 MTAP >
[l ]
T T T T
21 22 23 24
Position on chromosome 9 (Mb)
HHEX/IDE Region
@ 55015480 stage 1 rs5015480 — 100
® 2:08-10 '
©r2:06-08 3
@®|r'2:04-06 1] 80 8
®|r2:02-04 & ‘3 3
° 0-02 1 w0 3
° issing £Lo =
S
° S
3
40 7
S
S
20 =
£
0
<=PPPIR3C KIFT7 > GPRi120 -> <= NOC3L
1 [ W 1
HECTD2 -> <-IDE CEPS5->  PLCE1->
[] i
PCGF5 -> MARCHS -> <= FERIL3
[] [ L
- ANKRD1 <- CPEB3 CYP26AT -> L6 ->
1 i H
RPP30 -> BTAF1 -> CYP26C1 > <~ C10o0rt4 cvp2|
[ 1
HTR7 <- FGFBP3 PDE6C -> HELLS
i i ] [
TNKS2 -> <~ RBP4 TBC1D12 -
] 1 i)
T T T T
93 94 95 96
Position on chromosome 10 (Mb)
KCNQ1 Region
@ 5163184 stage 1 rs163184 100
® 2:08-10
© "2:06-08
© r204-06 80
® 2:02-04
® 2:00-02
© 2 missing

CHIDT  BRSK2 —> MRPL23 -> SLC22A18-> <~ ART5 RRM1—-> OR5212 -]
W 1 ] i
N4-> <~ KRTAP5-4 <~ ASCL2 <- SLC22A18AS STIM1-> <= C110rf40)
W " i [ 1 i - [
LR2L <= KRTAP5-3 <~ TH <- CDKN1C <-RHOG OR52M1 ->
I 1
51>  <-KRTAP5-2 <-INS KCNQ1-> FRAGT->  OR52K1->
N [ i i
B4A-> <~ KRTAP5-1 <-TRPM5  <-CARS <= NUP98 OR52K2 ->
[ o ] . - 1
A2->  <-DUSP8  IGF2AS -> <-NAP1L4  <-CHRNA10 <~ TRIM21
[ o (N [
P2A2-> <~ HCCA2 <~ IGF2 <= PHLDA2 ART1 > <- OR5284
] [ [ i i [
T T T T
1 2 3 4
Position on chromosome 11 (Mb)
MTNR1B Region
@ 151387153 stage 1 rs1387153 ~ 100
® 2:08-10
© 2:06-08
© "2:04-06 ~ 80
® 2:02-04
® "2:00-02
© 2 missing - 60

KIAAT731 —>
<= C11orf75
ccpee7 ->
HiH
<- SLC36A4 HEPHL1
[] Ha
MTNR1B -> MED17 ->
FAT3 => Ctorf54 ->
e 1

<-JOSD3
1

<~ GPR83
]
LOC390243 >

PANXT ->
H

AMOTL
H
-> PIWIL4 ->
L]
FUT4 >
ANKRD49 ->
]

<~ MRE11A
-

91

92

T
93

Position on chromosome 11 (Mb)

T
94

40

20

(QIN/IND) @)es uoneuIquIooa)

(QIN/INO) @l UoHBUIqUWODaI



—logyo(P-value)

—logqo(P-value)

—log1o(P-value)

10 +

Nature Genetigg;dRighd-1038/ng.609

@ 51531343 stage 1
"2:08-10
2:06-08
"2:04-06
"2:02-04
"2:00-02
2 missing

rs1531343

00000

TBKT —> <~ C120rf31
" ]
XPOT > HMGA2 -> DYRK2
[} i 1
<= C120rf56 MSRB3 —> CANDT —>
HH— []
<= C120rf66 LEMD3 -> <= GRIP1
[ Hi it
RGAPT —> <= WIF1 HELB —>
i H [
5 -> <= GNS IRAK3 —>
RASSF3 > <= TMBIM4
(=] []
T T T T
63 64 65 66

Position on chromosome 12 (Mb)

ZFANDG6 Region

@ 1511634397 stage 1
® 208-10

rs11634397

FCOL16  ZNHIT3—> AATF —> <=HNF1B <= GPRI79 <-CACNBT GRE
I ] [N
LYZL6 <~ TBC1D3G LHX1-> <-DDX52  MRPL45-> <-PLXDC1 <-CT
[ 1 | 1 ] ] [
RDM1 <= TBC1D3C <= AP1GBP1 <= PCGF2 CRKRS —>
[ 1 |
cCLs coLdLt —> DUSP14-> <-TBC1D3  MLLT6 -> <= MED1
[N H [ W [ ]
70rf66 GGNBP2 -> TADAZL -> <~ TBC1D3F <-C170rf96 <~ FBXL20
[ [ ] =i [ [ |
5-><- CCL3L1 C170rf78 -> TBC1D3E => <= SNIP <-STAC2 TCAP
o | 1 "o Mo
-CCL14 <= MYO19 <-ACACA <-L0OC284100 <-cCDC49 STARD:
[ [] W H 1 | ]
T T T T
32 33 34 35

Position on chromosome 17 (Mb)

60

k40

- 20

100

80

(QIN/N2) @)es uoneulquIooas

— 100

(QIN/INO) @Bl UoHBUIqWODaI

IREBZ > Ci5orfa7 - <= MESDCZ =
i
RABP1 -> <-sT20 KIAA1199 -> <= MEX
[
WDR61 <= MTHFS FAM108CT -> <~ TMC3
] H H "
IAJA4 -> KIAA1024 -> ARNT2 -> <- STARDS
[ [ H Skl 1
cs8G1 TMED3 - FAH > 116 ->
[
A -> <= RASGRF1 ZFANDS -> C1501126 ->
] - H 1
LOC123688 -> <- BCL2A1 MESDC1 ->
] 1 ] 1
T T T T
7 78 79 80
Position on chromosome 15 (Mb)
HNF1B(TCF2) Region
] @ 154430796 stage 1 rs4430796 100
® 2:08-10
© "2:06-08
© "2:04-06 80
® 2:02-04
® 2:00-02
@ 2 missing 60

(QIN/IND) ©)es uoneuIquIooas

—log1o(P-value)

—logyo(P-value)

—log1o(P-value)

10

TSPANS/LGR5 Region

@ 54760790 stage 1
"2:08-10
2:06-08
"2:04-06
"2:02-04
"2:00-02
2 missing

rs4760790

®@e000@

100

80

<-IRRC10 <~ TSPANB TPH2 >
L]
ccr2-> <-PTPRR TBC1D15 ->
1 HH—H Ha
FRS2-> <-PTPRB RAB21 >
H L
EATS4 -> KCNMB4 —> TMEM19 ->
H H
vz -> cNoT2 > THAP2 >
1 H L]
F6-> RAB3IP -> <-cCoe131
m il L]
<~ BEST3 LGRs -> TRHDE ->
] it i
T T T
68 69 70 7
Position on chromosome 12 (Mb)
PRC1 Region
@ 38042680 stage 1 rs8042680
® r2:08-10
© r2:06-08
@ r'2:04-06
® 2:02-04
® 2:00-02
© 2 missing

80

Cl5orf42 -> C150rf58 > FURIN =>
u 1 [}
<= RHCG <-CiB1  BLM-> CHD:
| "
<= POLG SEMA4B -> RCCD1 -> < FAM1748
1 | () ra ] H
FANCI > <- IDH2 UNC45A > C150rf32 ->
- ] 1 H
<-RLBP1<- PEX11A  ZNF774-> <-HDDC3 ST8SIA2 ->
[ H
\BHD2 -> <= PLIN NGRN ->  MAN2A2 -> SLCO3AT ->
] [ I 1 H—
<= KIFT TTLL1Z > FES -> SV2B ->
[ 1 1 ]
T T T T
88 89 90 91

Position on chromosome 15 (Mb)

DUSP9 Region

rs5945326

*
[}
o
o
o
o
o

15945326 stage 1
2:08-1.0
2:06-08
2:04-06
"2:02-04
2:00-02

2 missing

100

80

~ 60

40

ATP2B3 —> <~ MECP2
o1 H
BGN -> LCAP >
[
<= UCHLSIP
|
<= TREX2 <= HCFC1
[
2ZNF275 -> SSR4 ->
| [
<-MAGEAT <= IDH3G
| [

<= FAM58A
[}

T T T
151 152 153
Position on chromosome X (Mb)

154

(QIN/ND) @)es uoneuIquIooas

100

(QIN/INO) @Bl UoHBUIqWOaI

(QIN/ND) @)es uoneulquIooas

—logqo(P-value)

—logyo(P-value)

HNF1A Region

@ 17957197 stage 1
2:08-1.0
2:06-08
2:04-06
"2:02-04

L]
°
)
e
°
-]

rs7957197

CCDC64 —> RNF10—>
Hooonom

<-CIT <~ PLA2G1B <~ SPPL3 <~ ANAPC5 <-HPD B3GNT4 ->
) [ ] 1 |

RNF34 > PSMD9 —> <= GPRI10X
1

PRKAB1->  SIRT4-> <~ CAMKK2 <-RHOF LRRCA43-> - VP|
i [ ]
©cpeeo -> <=PXN UNC119B -> P2RX4 —> < IL31 HIPT
oo ] |
SPB8 —> <= RPLPO P2RX7 -> <= MORN3  MLXIP —> ccocs|
] [ [ ] — ] L]

1853 -> <= GCN1L1 CABP1-> ORAI1 => <~ CLIP1 DENR
—n | ] ]
<-RAB35 <- POP5 <= FBXL10 <~ VPS33A <- GPRS|
1 [ HiH [ 1
T T T T
118 119 120 121

Position on chromosome 12 (Mb)

FTO Region

© 511642841 stage 1
® "208-10

© 206-08

© 204-06

® 2:02-04

® 2:00-02 8
® 2 missing

rs11642841

FTO > SLCGA]
<= RPGRIP1L LPCAT2 =
w
<= AKTIP CAPNS2 -
1 |
RBL2-> MMP2 =>
" ]
CHD9 > IRX6 ->
- 1
<= TOX3 IRX5 =>
= 1
<= IRX3 <
!
T T T T
51 52 53 54

Position on chromosome 16 (Mb)

100

80

100

80

60

40

20

(QIN/N2) @)es uoneulquIooas

(QIN/INO) @l UoHBUIqUWOaI



Stage 1 Stage2 Stages 1 and 2 combined

Fr nc
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17 (95% Cl 95% Cl
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2 o
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X 3
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IAchieving genome wide significance in joint analysis

rs243021 2 60,438,323 A G 0.46 BCL11A |8.1x10° 8,130 38,987 0.11(0-0.71) 0.34 |6.2x10" 27,340 51,999 0.49(0.11-0.71) 0.012 |2.9x10™ 1.08 (1.06-1.10) 35470 90,986
rs7578326 2 226,728,897 A G 0.64 IRS1 8.7x107 8,130 38,987 0(0-0.67) 0.5 [2.2x10™ 29,299 53,310 0.24(0-0.57) 0.18 |54x10%° 1.11 (1.08-1.13) 37,429 92,297
rs4457053 5 76,460,705 G A 0.26 ZBED3 | 4.2x10® 7,108 37,912 0.20(0-0.63) 0.28 | 2.7x107 29,292 48,166 0(0-0.42) 0.67 [2.8x10% 1.08 (1.06-1.11) 36,400 86,078
rs972283 7 130,117,394 G A 0.55 KLF14 | 1.8x10° 8,130 38,987 0(0-0.34) 084 | 6.4x10° 25281 42,018 0.16(0-0.54) 0.28 |2.2x10™ 1.07 (1.05-1.10) 33,411 81,005
rs896854 8 96,029,687 T C 0.48  TP53INP1 | 1.2x10° 8,130 38987 0(0-0.31) 0.86 |2.2x10° 28,023 51,144 0(0-0.55) 0.46 |9.9x10™ 1.06 (1.04-1.09) 36,153 90,131
rs13292136 9 81,141,948 C T 0.93 CHCHD9 | 1.5x10° 8,130 38,987 0(0-0.57) 0.62 | 2.4x10" 34,412 59,925 0(0-0.36) 0.70 |2.8x10% 1.11 (1.07-1.15) 42,542 98,912
rs231362 11 2,648,047 G A 0.52 KCNQ1 | 6.4x10° 8,130 38,987 0(0-0.32)  0.85 |3.2x10° 32,456 54,275 0.14 (0-0.5) 030 [2.8x10™ 1.08 (1.06-1.10) 40,586 93,262
rs1552224 11 72,110,746 A c 0.88 CENTD2 |7.0x10° 8,130 38987 0(0-0.67) 045 [3.2x10™® 34,412 59925 021(0-0.55) 020 |1.4x10% 114 (1.11-1.17) 42,542 98912
rs1387153° 11 92,313,476 T c 0.28  MTNRIB | 1.0x10° 8130 38,987 0(0-0.65) 0.49 [4.4x10° 34,412 59,925 0.14 (0-0.5) 0.10 |7.8x10™ 1.09 (1.06-1.11) 42,542 98,912
rs1531343 12 64,461,161 C G 0.10 HMGA2 | 1.7x10”7 8,130 38,987 0(0-0.56)  0.65 | 1.1x10" 29,724 53,381  0.23(0-0.57) 0.28 |[3.6x10° 1.10 (1.07-1.14) 37,854 92,368
rs7957197 12 119,945,069 T A 0.85 HNF1IA | 46x107 8,130 38,987 0(0-0.56) 0.64 | 4.6x10* 30,032 49,788  0.13(0-0.51) 031 |24x10® 1.07 (1.05-1.10) 38,162 88,775
rs11634397 15 78,219,277 G A 0.60 ZFAND6 |5.1x10° 8,130 38,987 0(0-0.59)  0.60 | 1.2x10° 34,412 59,925 0.3(0-0.6) 0.10 |2.4x10° 1.06 (1.04-1.08) 42,542 98,912
rs8042680 15 89,322,341 A c 0.22 PRC1 8.2x10° 8,130 38,987 0.16(0-0.59) 0.31 | 1.6x10° 34,412 59,925 0.52(0.19-0.72) 0.01 |2.4x10™ 1.07 (1.05-1.09) 42,542 98,912
rs5945326 X 152,553,116 A G 0.21 DUSP9 | 2.3x10° 8,130 38,987 0.77(0.70-0.83)0.0002| 2.3x10° 8,535 12,326 0.50(0.13-0.71) 0.11 [3.0x10%° 1.27 (1.18-1.37) 16,665 51,313
Failing to reach 5x10°® on joint analysis

rs6709268 2 3,058,146 A c 0.11 TSSC1 | 8.6x10° 8,130 38987 0(0-0.52) 070 | 0.80 30,032 49,788 0(0-0.28) 0.83 0.02  1.04 (1.01-1.07) 38,162 88,775
rs6442037 3 46,904,550 A G 0.65 PTHIR |4.7x10° 8,130 38,987 0(0-0.001) 094 | 027 34412 59,925 041(0-0.66) 0.03 | 0.0022 1.03 (1.01-1.05) 42,542 98,912
rs7674212 4 104,208,348 G T 0.57 NHEDC2 | 1.7x10” 8,130 38,987 0.35(0-0.71) 0.15| 030 21,889 39,568 0.38(0-0.69) 0.10 |1.8x10* 1.04 (1.02-1.07) 30,019 78,555
rs1048709 6 32,022,914 G A 0.75 crB 6.0x10° 8,130 38,987 0(0-0.64) 050 | 4.0x10* 29,983 54,591  0.05(0-0.55) 0.40 |1.1x107 1.07 (1.04-1.10) 38,113 93,578
rs2789681° 10 81,898,110 C G 0.09 ANXA11 |2.8x10° 7,862 35277 0.38(0-0.74) 0.14 | 0997 27,212 49,518 0.17(0-0.52)  0.20 0.020 1.04 (1.01-1.08) 35,074 84,795
rs960078 11 10,380,683 A T (098¢ AMPD3 |2.7x10° 3,379 5451 034(0-0.78) 022 | 09928 25,148 43,092 0.19(0-0.57)  0.25 0.089  1.08 (0.99-1.19) 28,527 48,543
rs7118472 11 86,833,159 A G 0.05 TMEMI35 | 6.2x10° 6,665 15793 0(0-0.30) 0.87 | 0.78 30,032 49,788 0(0-0.13) 0.92 0.057 1.04 (1.00-1.08) 36,697 65,581
rs2288232 12 27,836,125 A G 0.63 KLHDC5 |3.9x10° 8,130 38987 0.19(0-0.62) 0.28 |85x10* 33,721 53,500 0.17(0-0.52)  0.25 |54x107 1.05 (1.03-1.07) 41,851 92,487
rs17795982 14 24,602,523 T C 0.87 STXBP6 | 1.7x10° 8,130 38,987 0(0-0.54) 067 | 0.3 31,293 55549 0.02(0-0.53) 0.43 |27x10* 1.05 (1.02-1.08) 39,423 94,536
rs8057749 16 77,015,972 C G 0.02 Wwwox |9.4x10° 3,076 29,393 0(0-0.79) 061 | 0051 26923 51,358 0.07(0-0.43) 037 | 0.0014 1.14 (1.05-1.23) 29,999 80,751

Supplementary Note Table SN4: Detailed Stage 1 and Stage 2 results for the 24 SNPs with Stage 2 follow-up.

2 Proxy SNP rs2612067 was genotyped in METSIM, FUSION2 and HUNT Stage 2 samples; ® Formerly rs7088994; © Alleles are indexed to the forward strand of
NCBI Build 36; ¢ rs960078 is reported as monomorphic in HapMap CEU but has frequency of 0.98 in our study; ¢ Gene regions are named for the nearest gene
(except where there is a very strong positional candidate); f All P-values are reported two-sided and based on an inverse-variance weighted meta-analysis
model (fixed effects); ? Stage 2 effect size estimate is in opposite direction to Stage 1 for these two SNPs.

OR, Odd Ratio; CI, Confidence Interval. Lower sample sizes for some SNPs simply reflect variable performance in stage 1 imputation or stage 2 typing.
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Frequency Risk Stage 1 [2nd GC] Stage 2 Stage 1 [2nd GC] + 2

Position B36 RiSkh Nonris:( Allele Nearby OR (95%Cl1) P-value® OR (95%C1) P-value® OR (95%Cl) P-value®
(basepair) Allele” Allele [Hapmap CEU] Gene*
up to 8,130 cases up to 34,412 cases up to 42,542 cases
and 38,987 controls and 59,925 controls and 98,912 controls
Novel T2D-susceptibility loci
rs243021 2 60,438,323 G A 0.46 BCL11A 1.09 (1.05-1.14) 1.6x 107 1.08 (1.06-1.10) 6.2 x 107 1.08(1.06-1.10)  5.8x 107"
rs4457053 5 76,460,705 A G 0.26 ZBED3 1.16 (1.10-1.23) 1.1x 107 1.07 (1.04-1.10) 2.8x 107 1.08 (1.06-1.11) 6.1x10™
rs972283 7 130,117,394 A G 0.55 KLF14 1.10 (1.06-1.15) 3.9x 10° 1.06 (1.03-1.09) 6.4x 10° 1.07 (1.05-1.10) 4.4x10™°
rs896854 8 96,029,687 C T 0.48 TP53INP1 1.10 (1.06-1.15) 2.7 x 10° 1.05(1.03-1.08) 2.2x 107 1.06 (1.04-1.09) 20x 107
rs13292136 9 81,141,948 T C 0.93 CHCHDS 1.20(1.11-1.30) 3.3x 10° 1.08 (1.04-1.13) 2.4x 10" 1.11(1.07-1.15) 5.2x10°
rs231362 11 2,648,047 A G 0.52 KkcNQ1 1.11(1.06-1.16) 1.3x10° 1.07 (1.05-1.09) 3.2x107 1.08(1.06-1.10) 47 x 10"
rs1552224 11 72,110,746 C A 0.88 CENTD2 1.13(1.07-1.20) 1.4x10” 1.14 (1.11-1.18) 3.2x 1078 1.14(1.11-1.17) 2.9x10%
rs1531343° 12 64,461,161 G C 0.10 HMGAZ 1.20(1.12-1.29) 4.3x 107 1.08 (1.041.12) 1.1x 10" 1.10(1.07-1.14) 72x10°
rs7957197 12 119,945,069 A T 0.85 HNF1A 1.14 (1.08-1.20) 1.0x 10° 1.05(1.02-1.09) 46x 10" 1.07 (1.05-1.10) 49x10°
rs11634397 15 78,219,277 A G 0.60 ZFAND6 1.11(1.06-1.16) 1.0x 10° 1.05(1.03-1.08) 1.2x 107 1.06 (1.04-1.08) 45x 107
rs8042680 15 89,322,341 C A 0.22 PRC1 1.10(1.05-1.15) 1.6x 10° 1.06 (1.03-1.08) 16x 10° 1.07 (1.05-1.09) 41x10™
Previously Known
rs7578326 2 226,728,897 G A 0.64 IR51 1.12 (1.07-1.17) 2.0x 10° 1.10(1.08-1.13) 2.2x 10" 1.11(1.08-1.13) 1.3x10"
rs1387153 11 92,313,476 C T 0.28 MTNR1B 1.12(1.07-1.17) 2.2x10° 1.08 (1.05-1.10) 4.4 x 107 1.09(1.06-1.11) 16x10™

Supplementary Note Table SN5: Association results for Stage 1 and 2, for those SNPs which exceeded genome-wide significance threshold (overall P<5 x
10°® on single-GC correction), but here showing double GC-corrected P-values. Genomic control correction for X chromosome signals was not performed
so the DUSP9 (ChrX) SNP is not included

? Proxy SNP rs2612067 was genotyped in METSIM, FUSION2 and HUNT Stage 2 samples

® Alleles are indexed to the forward strand of NCBI Build 36

¢ Gene regions are named for the nearest gene (except where there is a very strong positional candidate)

4 All P-values are reported two-sided and based on an inverse-variance weighted meta-analysis model (fixed effects)
OR: odds ratio; CI: confidence interval.
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CNV analyses

Additional methods: Given interest in the potential roles of common copy number variants with respect
to T2D risk, we re-examined the Stage 1 meta-analysis data looking for evidence of association with SNPs
known to provide robust, high-LD tags for (autosomal) CNVs in European-descent samples. We combined
CNV-tagging SNPs from four inventories:

e Alist of 261 CNV-tagging SNPs (°>0.8) generated by Steve McCarroll and colleagues at the
Broad based on typing HapMap samples on the Affymetrix 6.0 array>>;

e Alist of 2174 multiethnic CNV-tagging SNPs (r*>0.8, of which 1168 are polymorphic in CEU)
recently made available by the Genomic Structural Variation consortium and based largely on
typing 450 HapMap samples on a bespoke Agilent 105K array capable of genotyping ~3320 CNPs
in CEU®®,

e Alist of 3113 multiethnic CNV-tagging SNPs, generated on HapMap 3 samples using Affymetrix
6.0 and Illumina 1M arrays, generated by the HapMap 3 project (www.hapmap.org);

e Alist of 2905 CNV-tagging SNPs, generated on a custom Agilent 105K array (as per Conrad et al,
2009°%), but using ~19,000 samples (all European-descent, 3000 controls and 2000 cases for each
of 8 diseases) typed by the Wellcome Trust Case Control Consortium®®".

The union of these lists provided a total of 5219 unique CNV-tagging SNPs for which we had DIAGRAM +
data in at least 17,000 Stage 1 samples. This list of SNPs was not further “pruned” for mutual LD and will
contain some instances where multiple SNPs that are tagging the same CNV.

Additional Results: Quantile-quantile plots for this combined set of CNV-tagging SNPs are shown in
Figure SN3, and the top hits (those where the Stage 1 association P-value for the tagged SNP was <7x10
Y are listed in Table SN6.

Apart from the HLA association (which is hard to interpret given the extent and complexity of the MHC
region), the only notable tag-SNP association is that with SNPs in the TSPANS region. SNPs in this region
have been shown to be conclusively associated with T2D*” and this tag-SNP association with existing
published GWAS hits was noted in the GSV paper**. However, comparison of the P-values obtained for
the CNV-tagging SNPs (rs1705261, rs1355371) with those for the best SNP-association observed in the
region in the same Stage 1 data (rs4760790, P=3.6x10°, OR 1.11 (1.06-1.16): see Supplementary Table 3)
suggests that the CNV is unlikely to be causal.

We conclude on the basis of this systematic though incomplete survey of common CNVs (estimated to
cover at least 40% of common CNVs >1kb in size) ****®! that common CNVs are unlikely to make a

substantial contribution to T2D-susceptibility.
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Supplementary Note Figure SN3: QQ plots for the 4 combined CNV-tagging SNP inventories (n=5219 unique
SNPs). The left panel is without genomic control correction whereas the right one is GC corrected. The grey

band in both plots is the confidence band indicating the range of results consistent with a 95% interval around
the null.

Position
B36 Risk Nonrisk
(basepair) Allele Allele P-value OR (95%CI) Nearby Genes
C6orf10, BTNL2, HLA-DRA, HLA-DRB5, HLA-DRBI,
rs9270986 6 32,682,038 C A 88x10° 1.129(1.070-1.091) HLA-DQAI, HLA-DQBI1, HLA-DQAZ2, HLA-OB, TAP2,

PSMBS, TAP1, PSMB9

rs930668 4 61,833,099 A G 6.4x10" 1.224(1.090-1.374)  LPHN3

Cé6orf10, BTNL2, HLA-DRA, HLA-DRB5, HLA-DRBI,

-4
rs701831 6 32,657,379 C T 11x10 1.115(1.055-1.178) HLA-DQAL, HLA-DQBI, HLA-DQAZ, HLA-DOB, TAP2
rs1705261 12 69,813,913 T A 15x10* 1.082(1.039-1.128)  PTPRR, TSPAN8

rs1355371 12 69,899,139 T C 22x10" 1.079(1.036-1.123) TSPANS, LGRS

PSORS1C1, CCHCR1, TCF19, POU5F1, HCG27, HLA-
rs2596568 6 31,458,211 G A 57x10* 1.084(1.036-1.135)  C, HLA-B, HCP5, MICB, BAT1, ATP6V1G2, NFKBIL1,
LTA, TNF, LTB, LST1, NCR3, AIF1, BAT2

CREBL1, FKBPL, PRRT1, PPT2, EGFLS, AGPATI, RNF5,
rs3117117 6 32,429,250 A C 6.4x10* 1.099(1.041-1.161)  AGER, PBX2, GPSM3, NOTCH4, C6orf10, BTNL2,
HLA-DRA, HLA-DRBS5, HLA-DRB1

KIF9, KLHL18, PTPN23, SCAP, TMEM103, CSPGS5,

-4
rs2101247 3 47,469,307 G A 6.5x10 1.073(1.031-1.117) SMARCCI
90461 ; 4744817 c T 66x 107 1.073(1030-1.117) g;ji,Rlz-L:lLl& PTPN23, SCAP, TMEM103, CSPG5,

Supplementary Note Table SN6: Most significant associations seen in DIAGRAM + Stage 1 meta-analysis for
CNV tagging SNPs. All those with P<7x10 are shown here.
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Conditional analyses

SNP Chr Nearby Gene
rs10923931 1 NOTCH2
rs11899863 2 THADA
rs243021 2 BCL11A
rs7578326 2 IRS1
rs13081389 3 PPARG
rs6795735 3 ADAMTS9
rs1470579 3 IGF2BP2
rs1801214 4 WFS1
rs4457053 5 ZBED3
rs10440833 6 CDKAL1
rs849134 7 JAZF1
rs972283 7 KLF14
rs896854 8 TP53INP1
rs3802177 8 SLC30A8
rs10965250 9 CDKN2A/B
rs13292136 9 CHCHDS
rs12779790 10 CDC123/CAMK1D
rs5015480 10 HHEX/IDE
rs7903146 10 TCF7L2
rs231362 11 KCNQ1
rs5215 11 KCNJ11
rs1552224 11 CENTD2
rs1387153 11 MTNR1B
rs1531343 12 HMGA2
rs4760790 12 TSPAN8
rs7957197 12 HNF1A
rs11634397 15 ZFAND6
rs8042680 15 PRC1
rs11642841 16 FTO
rs4430796 17 HNF1B

Supplementary Note Table SN7: Markers (n=30) used for the conditional analyses reported in this
paper. Conditional analyses did not include the DUSP9 X-chromosomal signal (since this was
identified some time after the other loci) nor the previously-described signal at KCNQ1 (to allow us to
detemine if it was independent of our newly identified signal), nor other contemporaneous reports of
further T2D signals from the MAGIC consortium****®® and deCODE*** genetics.
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Heterogeneity analyses

T2D cases T2D cases for
AOD < 45 years AOD 245 years  continuous

of age of age AOD
deCODE 111 641 752
DGDG 353 381 734

DGl 167 1,236 1,403
FUSION 157 630 787
KORAgen NA NA 356

Rotterdam NA NA 1,148

WTCCC 529 1,395 1,924

Total 1,317 4,283 7,104

NA: Not analyzed

Obese (BMI > 30kgm?) Non-Obese (BMI < 30kgm?)
Cases Controls Cases Controls
deCODE 625 5,064 840 18,130
DGDG NA NA 697 625
DGI 225 295 719 858
FUSION 529 242 564 930
KORAgen 381 219 210 1,051
Rotterdam NA NA NA NA
WTCCC 1,011 228 899 1,194
EUROSPAN 106 716 119 2,308
Total 2,877 6,764 4,048 25,096

NA: Not analyzed

Supplementary Note Table SN8: Numbers of subjects from each Stage 1 study included in the AOD- and BMI-
stratified analyses (top and bottom panels respectively)
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Nearby Gene®

Non-Obese OR
(95% Cl)

Non-Obese P-

value

Obese OR (95% CI) Obese P-value

Non-obese OR
> obese OR?

rs10923931
rs11899863
rs243021
rs7578326
rs13081389
rs6795735
rs1470579
rs1801214
rs4457053
rs10440833
rs849134
rs972283
rs896854
rs3802177
rs10965250
rs13292136
rs12779790
rs5015480
rs7903146
rs231362
rs5215
rs1552224
rs1387153
rs1531343
rs4760790
rs7957197
rs11634397
rs8042680
rs11642841
rs4430796

O © 00 0 N N O U1 B W W W NNNNBR

i = =
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16
17

NOTCH2
THADA
BCL11A
IRS1
PPARG
ADAMTSS
IGF2BP2
WFS1
ZBED3
CDKAL1
JAZF1
KLF14
TP53INP1
SLC30A8
CDKN2A/B
CHCHD9
CDC123/CAMK1D
HHEX/IDE
TCF7L2
KCNQ1
KCNJ11
CENTD2
MTNR1B
HMGA2
TSPAN8/LGR5
HNF1A
ZFAND6
PRC1
FTO
HNF1B

1.17 (1.09-1.26)
1.23 (1.09-1.41)
1.13 (1.08-1.19)
1.12 (1.05-1.18)
1.31(1.19-1.43)
1.10 (1.03-1.17)
1.13 (1.06-1.21)
1.16 (1.10-1.22)
1.18 (1.09-1.30)
1.26 (1.20-1.32)
1.14 (1.08-1.19)
1.12 (1.05-1.19)
1.12 (1.06-1.17)
1.16 (1.07-1.27)
1.31(1.18-1.46)
1.29 (1.13-1.50)
1.14 (1.05-1.24)
1.20 (1.12-1.29)
1.55 (1.49-1.61)
1.08 (1.01-1.16)
1.14 (1.07-1.22)
1.22 (1.14-1.30)
1.13 (1.06-1.19)
1.25 (1.15-1.35)
1.11 (1.04-1.17)
1.19 (1.09-1.30)
1.13 (1.05-1.23)
1.14 (1.08-1.20)
1.04 (0.98-1.10)
1.21(1.10-1.33)

3.4x10"
8.42x10°
1.03x 10
5.29x 10
1.48 x 10°
0.0013
5.22 x10°
7.42 x 107
1.3x10°
2.09x10™"
9.38x10°
1.41x10*
9.86 x 10”
7.42x10°
496x10™"
3.74x10°
3.81x 10"
3.5x10™°
9.72x10™%
0.022
7.15x10°
5.74x 107
3.05x 10"
7.05x10°
0.002
2.92x10°
5.10x 10
2.83x10°
0.18
2.71x10°

1.13 (1.00-1.26)
1.14 (0.97-1.38)
1.01 (0.93-1.09)
1.19 (1.10-1.28)
1.18 (1.01-1.36)
1.07 (0.98-1.18)
1.17 (1.06-1.30)
1.06 (0.97-1.15)
1.09 (0.97-1.23)
1.21 (1.11-1.30)
1.10 (1.01-1.18)
1.11 (1.02-1.22)
1.12 (1.03-1.20)
1.22 (1.08-1.4)0
1.18 (1.04-1.37)
1.13 (0.96-1.36)
1.05 (0.95-1.18)
1.16 (1.05-1.28)
1.34 (1.25-1.43)
1.05 (0.96-1.16)
1.08 (0.99-1.19)
1.12 (1.01-1.23)
1.13 (1.03-1.22)
1.19 (1.04-1.33)
1.17 (1.08-1.26)
1.05 (0.95-1.17)
1.10 (1.00-1.23)
1.06 (0.98-1.15)
1.12 (1.04-1.21)
1.11 (0.99-1.27)

0.07
0.093
0.84
1.4x10*
0.06
0.11
7.78x 10"
0.19
0.12
8.12x10°
0.033
0.013
0.0084
2.70x 10"
0.0051
0.13
0.31
6.68 x 10
434x10™
0.32
0.063
0.052
0.013
0.02
8.38x 10"
0.37
0.042
0.17
0.0083
0.054

Yes
Yes
Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
No
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes
No
Yes
Yes
Yes
No
Yes

0.619
0.489
0.016
0.192
0.267
0.676
0.628
0.06
0.251
0.362
0.424
0.921
0.993
0.536
0.246
0.23
0.275
0.515
<0.001
0.637
0.366
0.144
0.994
0.477
0.256
0.072
0.712
0.185
0.125
0.312

Supplementary Note Table SN9: BMI-stratified analyses of T2D association at known and newly-identified
autosomal loci. For details see text. Grey lines denote newly-identified loci, bold the two loci (TCF7L2,
BCL11A) for which there was nominal evidence of heterogeneity between obese and non-obese strata.
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rs10923931 1
rs11899863 2

rs7578326 2
rs13081389 3
rs6795735 3
rs1470579 3
rs1801214 4

rs10440833 6
rs849134 7

rs3802177 8
rs10965250 9

rs12779790 10
rs5015480 10
rs7903146 10

rs1387153

rs4760790

rs11642841 16
rs4430796 17

Position B36 Risk

(basepair) Allele Nearby Gene Beta 95% Cl P-value
120,319,482 T NOTCH2 -0.63 (-1.11,-0.15) 0.011
43,472,323 C THADA -0.03 (-0.62,0.55) 0.915
226,728,897 A IRS1 0.06 (-0.29,0.42) 0.734
12,264,800 A PPARG 0.74  (0.06,1.42) 0.034
64,680,405 C ADAMTS9 -0.38 (-0.71,-0.06) 0.020
187,011,774 C IGF2BP2 -0.26 (-0.59,0.07) 0.126
6,353,923 T WFS1 -0.52 (-0.85,-0.18) 0.002
20,796,100 A CDKAL1 -0.28 (-0.61,0.06) 0.103
28,162,747 A JAZF1 -0.35 (-0.66,-0.03) 0.032

118,254,206
22,123,284

12,368,016
94,455,539
114,748,339
17,365,206

92,313,476

69,921,061

52,402,988
33,172,153

G
G

SLC30A8
CDKN2A/B

CAMK1D
HHEX/IDE
TCF7L2
KCNJ11

MTNR1B

TSPANS

FTO
HNF1B

AOD continuous analysis

-0.03
-0.07

0.882
0.759

(-0.42, 0.36)
(-0.53, 0.39)

-0.07 (-0.47,0.32) 0.712
-0.21  (-0.53,0.11) 0.193
-0.38 (-0.72,-0.04) 0.028

(-0.30, 0.34)
-0.37 (-0.74,-0.01)

-0.08

(-0.43,0.27)

-0.39 (-0.73,-0.05)
022 (-0.37,0.82)

0.024
0.458

Early- vs late-onset cases

OR 95% ClI P-value
1.14 (0.99,1.31) 0.06
1.06 (0.89,1.26) 0.49

1.00 (0.89,1.12) 0.96
0.80 (0.65,0.99) 0.036
1.00 (0.91,1.10) 0.95
1.09 (0.99,1.20) 0.08
1.05 (0.95,1.18) 0.33

1.09 (0.99,1.20) 0.87

1.03 (0.94,1.13) 0.54

0.92 (0.82,1.03) 0.13
0.98 (0.84,1.14) 0.78

1.00 (0.89,1.12) 0.98
1.05 (0.95,1.16) 0.34
1.00 (0.91,1.11) 0.94

(0.88, 1.06)
(0.93, 1.16)

(0.92,1.14)

1.02 (0.91,1.13) 0.78
1.00 (0.86,1.16) 0.99

Supplementary Note Table SN10: Age-of-diagnosis-stratified analyses of T2D association at known and newly-

identified autosomal loci. For details see text. Beta values are relative to the T2D risk allele. Grey lines denote

newly-identified loci, bold (in last column) the three loci for which there was nominal evidence of

heterogeneity between young-onset and older-onset strata (two [KCNQ1, PRCI] more strongly associated
with T2D in young-onset cases, the other [PPARG] with older-onset cases).
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Significant associations to other phenotypes at T2D-susceptibility loci

To collect the information shown in Supplementary Table 5, we identified, for established and novel
regions of T2D association, association signals (P<107®) for other traits mapping within 1Mb of the index
T2D SNP using the NHGRI GWA association catalog®® complemented by the published literature. We
excluded studies of bodyweight/size and glucose-related phenotypes, as well as GWA studies that
considered multiple serum protein or metabolite levels.

To assess the significance of the co-occurrence of T2D loci in regions of the genome containing SNPs
associated with other unrelated traits, we performed a simple simulation study (autosomal loci only). For
each permutation, we selected 30 independent SNPs (i.e. not occurring within 1Mb of each other) from
the ~2.4 million autosomal SNPs reported in the DIAGRAM+ meta-analysis. We then determined, for each
of the 30 randomised T2D “pseudo”loci, if an associated SNP for an unrelated trait occurred within a given
distance (100kb-1Mb) up- or down-stream.

The associations of SNPs with unrelated traits were taken from the NHGRI disease association catalogue
%65 restricting ourselves to those associations listed with P<10® and excluding anthropometric and
glycemic phenotype outcomes (adiposity, obesity, obesity related traits [including body mass index, waist
circumference, other waist measurements and weight], fasting plasma glucose, glycated hemoglobin
levels and incident diabetes) on the basis that co-localising signals for these T2D-related phenotypes are
likely to reflect the same causal variant (as with the association of FTO variants with T2D and obesity; and
of MTNRIB variants with T2D and fasting glucose). We also excluded studies involving GWAS conducted
against multiple protein or metabolite levels (such as Melzer et al, 2008 S66. Gieger et al, 2009 7 Note
that these simulations did not include a number of association signals within T2D-susceptibility regions
(such as those at ZBED3 and KLF14) which were for one reason or another not cited in the NHGRI catalog,
but are, for completeness, shown in Supplementary Table 5.

Over 1 million permutations, the proportion of simulations in which the number of flanking secondary
signals was equal to or exceeded 13, the number observed in our study, was just 1.6x10”. Our results
remained robust to the size of interval considered around each T2D locus (P=7.0x10" for 8 loci with
flanking secondary signals within 100kb, P=2.4x10" for 11 loci within 200kb, P=1.6x10" for 13 within
500kb and 1.3x10° for 16 loci within 1Mb).
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Physiological analyses

isk Nonrisk
Locus SNP Nearby Gene  Allele Allele BMIZ-s E
1 rs10923931 NOTCHZ T G 0.014 0.99
2 rs11899863 THADA C T -0.125 0.90

5 rs13081389 PPARG A G -0.109 0.91
6 rs6795735 ADAMTSS C T -1.94 0.05
7 rs1470579 IGF2BP2 c A -0.207 0.84
8 rs1801214 WFS1 T C -0.105 0.92

| o ass7os3 zeepz 6 A s o007 |
10 rs10440833 COKAL1 A T 1.105 0.27
rs849134 JAZF1 -0.292 0.77

rs3802177 SLC30A8 -0.913 0.36

15 rs10965250 CDKNZA G -1.278 0.20
17 rs12779790 CAMK1D G 0.271 0.79
18 rs5015480 HHEX C T -0.218 0.83
19 rs7903146 TCF712 T -0.83 0.41
21 rs163184 KcnQi 0.909 0.36
22 rs5215 KCNJ11 C T -2.361 0.02

rs4760790 TSPANE

30 rs11642841 FTo A C 7.952 1.83 x 10™°
31 rs4430796 HNF1B G A -0.304 0.76

Supplementary Note Table SN11. Analysis of all T2D-associated variants for association with BMI in
population-based samples from the GIANT meta-analysissss. Apart from HNF1B (for which the SNP of
interest was imputed well in only a subset of samples) estimates of effect size are based on sample sizes
between 28,223 and 32,529. Loci identified in the present study are in grey. No GIANT data were
available for chromosome X, so the DUSP9 signal is not included.

Z-score is reported for the T2D risk allele; positive (negative) z-score means the direction of the T2D risk
allele effect is toward higher (lower) BMI.
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Fasting glucose (mmol/I) Fasting insulin In(pmol/1) HOMA-B® HOMA-IR® 2 hour Glucose (mmol/l)

Position  Risk O" T2D
B36 Allele risk Beta® SE® P-value Beta® SE® P-value P-value Beta® SE° P-value Beta® SE® P-value
Allele

rs10923931 1 120,319,482 T G NOTCH2 1.14 | 0.0107 0.0058 0.068 -0.0005 0.0061 093 |-0.0045 0.0052 0.38 0.0011  0.0064 0.87 0.0575  0.0299 0.055

rs11899863 2 43472323 C T THADA 117 | 0.0298 0.0063 258x10° | -0.0115 0.0068  0.091 |-0.0241 0.0060 6.98x10° | -0.0088 0.0071 0.22 0.0197  0.0328 0.55
rs243021 2 60438323 A G BCL1IA 1.09 | 0.0061 0.0037 0.10 0.0014 0.0039 0.72 |-0.0002 0.0033 0.96 0.0010  0.0040 0.80 -0.0311  0.0185 0.093
rs7578326 2 226,728,897 A G IRS1 1.12 | -0.0008 0.0040 0.85 0.0088 0.0041 0.033 | 0.0054 0.0036 0.13 0.0071 0.0043  0.099 | 0.0344  0.0202 0.088
rs13081389 3 12,264,800 A G PPARG 1.4 | 0.0092 0.0074 0.21 0.0207 0.0076 0.0067 | 0.0085  0.0063 0.18 0.0208 0.0079  0.0089 | 0.0645  0.0362 0.074
rs6795735 3 64,680,405 C T ADAMTS9 1.09 | 0.0084 0.0037 0.024 0.0065 0.0039  0.092 | 0.0011  0.0033 0.75 0.0069 0.0040  0.086 | 0.0327 0.0188 0.082
rs1470579 3 187,011,774 C A IGF2BP2 114 | 0.0093 0.0040 0.019 -0.0068 0.0041  0.099 |-0.0113 0.0035  0.0014 | -0.0085 0.0043  0.047 | 0.0501  0.0200 0.012

rs1801214 4 6,353,923 T C WFS1 1.13 0.0180 0.0039 4.09x10° 0.0058 0.0041 0.15 -0.0039 0.0035 0.27 0.0080 0.0042 0.058 -0.0125 0.0194 0.52
rs4457053 5 76,460,705 G A ZBED3 116 | 0.0175 0.0045 9.15x10° | 0.0033 0.0047 048 |-0.0071 0.0040 0.078 0.0049  0.0049 0.31 0.0467  0.0238 0.050
rs10440833 6 20,796,100 A T CDKALI 125 | 0.0102 0.0040 0.011 -0.0104 0.0041 0012 |[-0.0101 0.0035  0.0043 | -0.0091 0.0043  0.035 | 0.0415  0.0214 0.053
rs849134 7 28,162,747 A G JAZF1 113 | 0.0063 0.0036 0.086 -0.0020 0.0038  0.61 |-0.0036 0.0033 0.27 -0.0012  0.0040 0.75 0.0357  0.0187 0.056
rs972283 7 130,117,394 G A KIF14 110 | 0.0029 0.0037 0.44 0.0085 0.0039 0.029 |0.0039 0.0033 0.24 0.0095 0.0041  0.019 | 0.0323  0.0192 0.093
1896854 8 96,029,687 T C TP53INPI 110 | 0.0122 0.0037 8.79x10* | -0.0003 0.0038  0.94 |-0.0046 0.0033 0.16 0.0003  0.0040 0.94 -0.0086  0.0185 0.64

rs3802177 8 118,254,206 G A SLC30A8 1.15 | 0.0273 0.0043 2.03x10™° | -0.0036 0.0045 043 |[-0.0160 0.0038 1.96x10°| -0.0005 0.0047 0.92 0.0942 00219 1.73x10°

rs10965250 9 22123284 G A CDKN2A 120 | 00181 00049 2.08x10* | 0.0031 0.0051 054 |-0.0076 0.0045 0.089 0.0061  0.0054 0.25 0.0436  0.0255 0.087
rs13292136 9 81,141,948 C T CHCHD9 1.20 | 0.0098 0.0068 0.15 0.0001 0.0069  0.99 | 0.0003 0.0056 0.96 0.0022  0.0072 0.76 0.0079  0.0318 0.80

rs12779790 10 12,368,016 G A CAMKID 1.09 | 0.0158 0.0049 0.0012 -0.0004 0.0052  0.94 |-0.0108 0.0044 0.015 | -0.0010 0.0054 0.85 -0.0054  0.0246 0.82
rs5015480 10 94455539  C T  HHEX 118 | 0.0095 0.0037 0.010 0.0013 0.0039  0.73 |-0.0047 0.0033 0.17 0.0025  0.0040 0.53 0.0307  0.0187 0.099

rs7903146 10 114,748339 T C TCF7L2 140 | 0.0229 0.0041 2.80x10® | -0.0122 0.0043 0.0046 |-0.0200 0.0038 1.39x107 | -0.0096 0.0045  0.034 | 01178 0.0212  2.57x10°

rs231362 11 2,648,047 G A KCNQI 111 | 00187 00041 529x10° | 0.0048 0.0043 027 |-0.0062 0.0037 0.089 0.0043  0.0045 0.34 0.0612  0.0208 0.0033
rs163184 11 2,803,645 G T KCNQI  1.09 | 0.0153 0.004 1.27x10* | -0.002 00042  0.64 |-0.0086 0.0035 0.016 0.0007  0.0044 0.87 0.0424  0.02 0.034

rs5215 11 17,365206 C T KCWJI1  1.09 | -0.0032 0.0038 0.40 -0.0021 0.0039 059 | 0.0009  0.0033 0.78 -0.0018  0.0041 0.66 0.0263  0.0189 0.16
rs1552224 11 72,110,746 A C CENTD2 113 | 0.0193 0.0050 1.20x10* | -0.0126 0.0052 0.015 |-0.0166 0.0043 9.39x10° | -0.0092 0.0054  0.085 | 0.0527  0.0246 0.032
rs1387153 11 92,313,476 T C MTNRIB 112 | 0.0602 0.0043 6.59x10* | -0.0034 00045 044 |-0.0286 0.0037 1.13x10™| 0.0057  0.0046 0.22 0.0529  0.0215 0.014
rs1531343 12 64,461,161 C G HMGA2 120 | 0.0110 0.0061 0.069 0.0057 0.0063  0.36 | 0.0006 0.0056 0.91 0.0094  0.0066 0.16 -0.0152  0.0321 0.64
rs4760790 12 69,921,061 A G TSPANS 111 | 0.0069 0.0041 0.091 -0.0023 0.0043 058 |-0.0010 0.0037 0.79 0.0012  0.0045 0.78 0.0142  0.0212 0.50
rs7957197 12 119,945,069 T A HNFIA 114 |-0.0033 0.0045 0.46 -0.0077 0.0047 010 |-0.0042 0.0040 0.30 -0.0067  0.0049 0.17 0.0474  0.0234 0.043
rs11634397 15 78219277 G A ZFAND6 111 | 0.0003 0.0040 0.94 -0.0051 0.0041 022 |-0.0034 0.0035 0.33 -0.0038  0.0043 0.38 -0.0015  0.0206 0.94

rs8042680 15 89,322,341 A c PRCI  1.10 | 0.0097 0.0039 0.013 0.0011 0.0041  0.79 |-0.0019 0.0035 0.58 0.0033  0.0043 0.44 0.0106  0.0199 0.59

rs11642841 16 52,402,988 A C FTO 1.13 | 0.0066 0.0039 0.091 0.0170 0.0041 3.13x10° | 0.0094 0.0035  0.0075 | 0.0168 0.0043 8.17x10° | 0.0110  0.0199 0.58

rs4430796 17 33,172,153 G A HNFIB 114 | 0.0002 0.0052 0.97 -0.0063 0.0056 0.6 |-0.0089  0.0043 0.040 | -0.0110 0.0057  0.055 | 0.0574  0.0375 0.13

N N N . N N . N $62,563
Supplementary Note Table SN12: Analysis of all T2D-associated variants for continuous glycemic phenotypes using data from the MAGIC investigators .

All effects are those of the T2D-risk allele. MAGIC meta-analyses included up to 46,186 individuals for fasting glucose, up to 38,238 individuals for fasting
Insulin, HOMA-B and HOMA-IR, and up to 15,234 individuals for 2h post-oral glucose tolerance test glucose. MAGIC has not performed a meta-analysis for the
X chromosome, so data for the T2D-signal near DUSP9 are not available: however, as per main text, analysis in a subset of MAGIC samples found no significant
association with these continuous glycemic parameters. °Beta (coefficient from the linear regression) is reported for the T2D-risk allele; bStandard error of
beta; ‘'HOMA-B and HOMA-IR are indices for homeostasis model assessment. For HOMA-B, negative beta implies that the T2D risk allele is associated with
decreased beta-cell function; for HOMA-S, positive beta implies that the T2D-risk allele is associated with decreased insulin sensitivity.
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Expression QTL analyses

Expression QTL data are widely used in the follow-up of genome wide association analysis in the
expectation that these will link the most strongly-associated (and putatively causal) disease/trait
associated variants to one or more genes in the region and thereby provide a clue to the mechanisms
responsible for predisposition. However, for such inferences to be reliable, the disease/trait signal of
interest and the cis-eQTL signal identified need to be coincident: if they are not, then no conclusions
regarding the biology can be reached. Crucially, cis-eQTL association signals are often far more powerful
than disease/trait association signals. This can mean that, even when the disease/trait association and a
particular cis-eQTL association are driven by distinct sets of “lead” SNPs that have only very modest
mutual LD, the cis-eQTL signal can still achieve compelling levels of significance at the disease/trait signal.
It is therefore not sufficient merely to report which cis-eQTL signals can be observed at the disease/trait
SNPs of interest — one needs to establish whether or not those signals are coincident.

In our analyses (in table 2) we address this issue using a number of related approaches.

o First, we report our findings when we take the “lead” T2D-associated variant at each locus and search
for interesting (P<0.001) cis-eQTL signals for transcripts that map within 2Mb. We find, for example,
that the lead SNP at the HNF1A locus shows a number of modest cis-eQTL signals to nearby genes
including ACADS, PSMD9, OASL, UNC119B, CAMKK?2 and P2RX4. Of these, the CAMKK2 association
appears (on superficial analysis) the most convincing reaching P~10".

o Next, we ask, for each of the transcripts for which an interesting cis-eQTL signal was detected, whether
there is another SNP in the neighborhood that has a more convincing association with expression of
that transcript. Returning to the HNF1A locus again, in the case of CAMKK?2, it is clear that rs11065504
has a far greater effect on CAMKK2 expression than the T2D lead SNP rs7957197 (P of 3x10™ vs 1x10"
12) The lead disease SNP and the CAMKK2 cis-eQTL lead SNP have low LD (r*~0.08). Clearly, if the T2D
signal and the cis-eQTL signal here were coincident, one would expect the T2D signal at rs11065504 to
be enormous and for that rather than rs7957197 to have been the lead SNP for T2D.

o Finally, to explore the relationships between the cis-eQTL and disease signals, we perform mutual
conditional studies. We see what happens to the cis-eQTL signal at the T2D-SNP when we condition
on the best cis-eQTL SNP; and we see what happens to the cis-eQTL signal at the best cis-eQTL SNP
when we condition on the T2D-risk variant. In the case of CAMKK?2, these results confirm our suspicion
that variation in CAMKK2 expression is driven by rs11065504: the cis-eQTL signal at rs7957197
evaporates when conditioning on rs11065504, whereas the reverse conditional analysis has little
impact.

In the example above, it is clear then that the cis-eQTL signal for CAMKK2 observed at the HNF1A lead
SNP is likely to be the result of rs7957197 picking up the “shadow” of the strong CAMKK2 cis-eQTL
centered around rs11065504. The T2D signal and this cis-eQTL signal are distinct and there is no reason to
believe that CAMKK?2 is involved in the mediation of the T2D signal at rs7957197. Contrast this with the
examples of IRS1, JAZF1 and CAMK1D, where the T2D-lead SNPs and the best cis-eQTL SNPs are highly
correlated (r* 0.9-1.0), and conditioning on either abolishes the cis-eQTL signal at the other. For these
three loci, one can safely infer that the T2D and cis-eQTL signals are identical and that the transcripts
concerned (/RS1, JAZF1 and CAMK1D) are probably implicated in disease predisposition.
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Expression Profile data

For methods, see Online Methods. The list of probes which we included in our expression profiling studies
is listed in Table SN13.

Broad expression of many of the transcripts, including 24 with evidence of beta-cell transcription (Figures
SN4 and SN5) limited our ability to prioritise amongst the candidate transcripts, though integration of
physiological and expression data should help to direct future functional studies. For example, given the
CCNEZ2 eQTL signal at the TP53INP1 locus, the fact that we could detect CCNE2 expression in islets but
not flow-sorted beta-cells may indicate that the beta-cell dysfunction associated with this locus reflects
either a temporally-restricted phenotypic effect (e.g. on early beta-cell development) or mediation
through islet cell types other than the beta-cell.

Supplementary Note: Page 37



38

Locus Gene Chromosome Probe Source Comments
HNF1A HNF1A 12 Hs00167041_m1 Inventoried
BCLIIA BCL11A 2 Hs00256254_m1 Inventoried Covers all 3 transcripts
HMGAZ HMGAZ 12 Hs00171569_m1 Inventoried Covers both transcripts
ZBED3 5 Hs00260688_m1l Inventoried
ZBED3 AGGF1 5 HS00203293_m1 Inventoried
FDESB 5 Hs00405493_m1 Inventoried Covers all 5 transcripts
KLF14 7 Hs00370951_s1 Inventoried This is a single exon gene and s1 probes are the only ones available
KLF14 TSGA13 7 Hs00364691_m1 Inventoried
COPG2 7 Hs00273295_m1 Inventoried
TP53INP1 8 Hs01003820_m1 Made to order
TP53INP1 INTS8 8 Hs00215334_m1 Inventoried
CCNE2 8 Hs01051894 m1l Inventoried
ZFANDE ZFAND& 15 Hs00375275_m1 Inventoried
FAH 15 Hs00164611_m1 Inventoried
STARDI10 11 Hs00246405_m1 Inventoried
ARAP1/CENTD2 11 Hs00373707_m1 Made to order
CENTD2 FCHSD2 11 Hs00207952_m1 Inventoried
ATG16L2 11 Hs01057324_m1 Made to order
PDE2A 11 Hs01042255_m1 Inventoried
FURIN 15 Hs00158829_m1 Inventoried
FES 15 Hs01120751_m1 Inventoried
PRCI 15 Hs01557831_m1 Inventoried
PRCI UNC45A 15 Hs00218751_m1 Inventoried
RCCD1 15 Hs00364408_m1 Inventoried
MANZ2AZ 15 Hs00196172_m1 Inventoried
HDDC3 15 Hs00826828_g1 Inventoried Failed QC
\VP533B 15 Hs00218719_m1 Inventoried
CHCHD® TLEG 9 Hs00419101_m1 Inventoried Failed QC
CHCHD? 9 Hs01892561_sH Made to order

Housekeeping genes

B2M Hs99999907_m1 Inventoried Housekeeping gene
Beta-Actin Hs89959803_m1 Inventoried Housekeeping gene
HFRT Hs99999909_m1 Inventoried Housekeeping gene
TOP1 Hs01052828_m1 Made to Order Housekeeping gene

Supplementary Note Table SN13: List of probes used for tissue expression profiling studies. Genes at
each locus were considered on the basis of proximity to the lead SNP and possible biological credibility.
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Supplementary Note Figure SN4: Expression profiles of selected positional candidates in tissues including several relevant to T2D phenotype (from left to right, the
tissues tested are lung, kidney, skeletal muscle, spleen, testis, heart, brain, liver, cerebellum, cerebral cortex, whole pancreas, adipocyte and pancreatic islets)
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Gene expression in flow sorted beta cells
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Supplementary Note Figure SN5: Expression of selected positional candidates in flow-sorted beta-cells (average of 2 samples)
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Pathway and protein interaction analyses

To search for evidence of enrichment of particular pathways or networks amongst the associated loci, we
used four complementary strategies: GRAIL**®; PANTHER *"°*"* and Reactome *'**”® (pathways and
networks curated to various levels of detail); GWAS-PPI (examining protein-protein interactions).
Alternatively to test for enrichment of association signal in prespecified pathways we used MAGENTA
(Meta-Analysis Gene-set Enrichment of variaNT Associations), a modified gene-set enrichment analysis
method (Segre, A.V., personal communication).

GWAS-BASED GENE LISTS

For all methods except MAGENTA, we generated a limited set of positional candidate gene-lists based on
the GWA meta-analysis association P-values (ranging from the confirmed genome-wide significant signals
[30 loci] to all signals with P<10™[111 loci]).

These loci included in these lists were

e “CONFIRMED LOCUS SET": All 30 autosomal GWAS signals (including 20 previously reported,
and 11 novel loci reported here, with KCNQ1 represented once, and not including the X-
chromosomal signal) ;

e “EXPANDED LOCUS SET": All signals with P<10™ on the Stage 1 meta-analysis, including the 30
loci in the “CONFIRMED LOCUS SET" plus another 81 loci for a total of 111;

o “EXPANDED LOCUS SET MINUS HLA": Because of concerns that the inclusion of loci close to
the HLA region could distort findings (given the possibility of including a large number of
functionally-related genes within the cognate LD region), we generated a third locus set which
excluded the 1 signal near HLA.

For each of these locus sets, we generated a list of (coding) genes based on the following algorithm:

e Starting from the index SNP at each locus, go out to the flanking recombination hotspots as
defined by the CEU Hapmap sample and a further 50kb beyond; take the interval so defined and
include all coding genes which are, either partially or completely, included;

e If the above maneuver yields no coding genes for a given locus, extend a further 250kb in each
direction and repeat the exercise, but if no coding transcripts are found at that point, desist.

These efforts yielded a total of 82 (confirmed), 393 (expanded) and 320 (expanded minus HLA) genes.

In addition, for selected GWAS-PPI analyses only, we generated an equivalent list ("FURTHER EXPANDED
LIST") comprising all genes within loci containing SNPs attaining P<10~ on the Stage 1 meta-analysis.
This list comprised 696 loci and 2024 genes.

Note that PANTHER and Reactome analyses test for functional category enrichment in the input gene list
compared to all annotated genes and/or randomly-generated gene lists. As such they do not account
formally for the potential for aggregation of functionally-related genes in particular genomic locations,
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and may therefore overestimate the significance of enrichments. GRAIL and, to a lesser extent, GWAS-PPI
and MAGENTA testing procedures are robust to this issue.
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GRAIL - Gene Relationships Among Implicated Loci

We utilized a bioinformatics method designed to highlight genes using similarity of text in Pubmed
abstracts or similarity in Gene-Ontology associated codes (GRAIL**®).

We used GRAIL to look for similarity of text in Pubmed abstracts (connectivity) across the T2D GWAS gene
lists **°. To reduce confounding by published T2D GWA analyses, we used only abstracts published prior
to December 2006. For each gene, we identified the most connected gene from each T2D associated

region and calculated a Pgene-value based on these connectivities®™®

. Within each region, we selected the
smallest Pyene-value and performed a Bonferroni correction for the number of genes tested in the region
(Pregion)- To ask if the number of genes with P40, <0.05 was greater than expected, we randomly-selected
n SNPs (where n was the number of SNPs underlying the particular T2D GWAS gene list) and identified
genes in the region surrounding each SNP in the same way as for the T2D GWAS gene list. We retained
only those “random” gene lists with similar (within 10) gene counts to those in the relevant T2D GWAS
gene list and tested the genes for connectivity. We compared the observed number of genes with
Pregion<0.05 to the empirical distribution of number of genes with Prgion <0.05 based on 1000 retained

gene lists.

We first used GRAIL to analyze the list of genes contained within the 30 regions harboring genome-wide
significant associations to T2D (the CONFIRMED LOCUS SET, above), using a database of abstracts
obtained from December 2006 (a date chosen specifically to lie prior to the mainstream application of
genome-wide association studies, since abstracts describing the loci identified in those discovery efforts
would be expected to confound the analysis).

Among these genes, we observed modest enrichment of connectivity among the established loci (9 out of
30 with GRAIL P<0.05, ~2 expected, permutation P<0.021). The specific connections between genes and
loci were dominated by those for which a role in diabetes susceptibility (monogenic or multifactorial) was
already established prior to 2006 (HNF1A, HNF1B, WFS1, KCNJ11, PPARG) or suspected through candidate
gene studies (IRS1, IDE) (Tables SN14, SN15; Figure SN6). Many of these links may well be artefacts
arising through abstracts invoking previous discoveries. In addition, there was some suggestion of
connections among genes related to cell-cycle (E2F3, CDKN2A/2B) and the “word-set” (i.e. terms

"o

overrepresented in the connecting abstracts) included terms consistent with this (e.g., “cyclin”, “tumors”,

non

"benign”) as well as more generic terms (“pancreatic”,

non

glucose”, “insulin”, "diabetes”).
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REGION_ID GRAIL Pgegion-value  CANDIDATE GENE Keywords Describing Functional Connections

region_29 1.2E-04 HNF1A 'diabetes’
region_30 4.2E-04 HNF1B 'insulin’
region_8 2.4E-03 IDE ‘cyclin’
region_13 3.7E-03 THADA 'tumors'
region_3 6.0E-03 ABCC8 'beta’
region_19 0.016 IRS1 'pancreatic’
region_7 0.020 CDKN2B 'glucose’
region_16 0.025 WFS1 'syndrome'
region_1 0.045 TCF7L2 'catenin'
region_9 0.054 SLC30A8 'cytogenetic'
region_15 0.056 ADAMTS9 'mutation’
region_27 0.075 FAH 'benign’
region_5 0.078 E2F3 'degrading'
region_17 0.093 KCNQ1 'cases’
region_18 0.098 FCHSD2 'patients'
region_11 0.11 TSPANS '‘tumor’
region_2 0.11 PPARG 'ppargamma’
region_10 0.15 JAZF1 'zinc'
region_21 0.17 AGGF1 'mutations'
region_20 0.17 BCL11A 'hepatocyte’
region_23 0.19 HMGA2

region_25 0.21 CCNE2

region_28 0.27 TLE4

region_6 0.37 IGF2BP2

region_14 0.39 PPIAL4

region_22 0.45 FURIN

region_24 0.54 CPA5

region_12 0.64 SEC61A2

region_4 0.65 FTo

region_26 0.66 FAT3

Supplementary Note Table SN14: List of regions included in the confirmed locus set (using published PubMed

abstracts prior to December, 2006) with the gene identified by GRAIL analysis to be the “most connected” to

other loci. GRAIL Pi4ion-values in the second column represent the most significant Pyene-value adjusted for

the multiple comparisons within a locus if the region contained more than one gene. The right panel includes
the words over-represented in PubMed abstracts
featuring the most connected genes.

Supplementary Note Figure SN6: GRAIL “circle”

o, plot highlighting connections among the 30
o~ b
{‘efb;@’fé N ; implicated loci identified by genome-wide

association studies using abstracts prior to

. December, 2006. The statistical strength of each
M connection are proportional to the thickness of
the lines (see above Table SN14 for precise Pgene-
= values). Gene names are listed if individual p-
ST % f : values for the connection have a GRAIL Pgene <

0.05.

Supplementary Note: Page 48



49

GENE GRAIL Pgee-value SELECTED SIMILAR GENES (Rank in parantheses)

LNFIA 1705 HNF1B(2), TCF7L2(31), CPA1(112), WFS1(133), HMGA2(150), PPARG(177),
: IRS1(239), ACADS(334), ABCC8(417), KCNJ11(508)
NEIB A2E04 HNF1A(2), CPA1(90), WFS1(94), HMGA2(104), TCF7L2(112), PPARG(341),
ACADS(430), HHEX(475), CDKN2A(609)
IDE 5 9E.08 IRS1(6), HNF1A(104), PPARG(161), ABCC8(167), CPA1(243), SLC30A8(279),
: FURIN(296), KCNJ11(368), HNF1B(408)
THADA 1.2E-03 HMGAZ2(4), JAZF1(24), MTAP(170), CDKN2B(276), BCL11A(301)
ABCCS 5 0E.03 KCNJ11(2), KCNQ1(114), IRS1(135), P2RY2(143), HNF1A(150), CPA1(241),
: PPARG(355), HNF1B(356), WFS1(378), IDE(448), SLC30A8(493)
CDKN2B 6.7E.03 CDKN2A(2), MTAP(5), HMGA2(73), CCNE2(93), E2F3(184), TP53INP1(274),
CPA1(347), BCL11A(402), JAZF1(463)
CONA 0011 CDKN2B(2), MTAP(3), TP53INP1(65), HMGA2(73), E2F3(113), CENTD2(321),
HNF1B(461), HNF1A(578), CCNE2(606), TCF7L2(607)
WES1 0.013 HNF1B(62), HNF1A(63), CPA1(212), KCNQ1(240), SEC61A2(319), ABCCS(476),
‘ HMGA2(531), CPA5(578)
KNI 0.013 ABCC8(4), KCNQ1(104), P2RY2(174), HNF1A(212), IRS1(230), CPA1(342),
PPARG(366), HNF1B(377), WFS1(511)
Rs1 0.016 IDE(91), PPARG(103), HNF1A(193), ABCC8(235), KCNJ11(355), SLC30A8(610),
: TCF7L2(624)
FCHSD2 0.017 KIAA0152(3), HDDC3(94), PLEKHH2(115), RCCD1(167), C8orf38(202),
CDKAL1(307)
TLE4(18), C80rf38(104), PLEKHH2(153), UNCA45A(235), HDDC3(297),
UNC1198 0.028
CDKAL1(367), KIAAD152(571)
PPARG 0.030 IRS1(72), HNF1A(160), HMGA2(364), HNF1B(372), TCF7L2(452)
SYN2 0.038 KIAA0152(43), FCHSD2(44), CAMK1D(82), TLE4(301), CPA1(500)
Al 0.038 HNF1A(73), HNF1B(119), CPA1(123), HMGA2(174), ACADS(225), WFS1(517),
‘ MTAP(559)
E2F3 0.040 CCNE2(45), CDKN2A(110), TP53INP1(135), HMGA2(186), CDKN2B(272)
L2 0.045 Eg:llgf:))' HNF1B(193), HMGA2(242), TLE4(418), PPARG(506), HHEX(525),

Supplementary Note Table SN15: List of connections from the GRAIL analysis for selected genes (Pgene < 0.05)
for the analysis shown in Table SN14 and Figure SN6. GRAIL Pgc-values listed here are the results for the test
of the gene itself, and thus are not adjusted for the number of genes tested within a locus. We note here that
connections between previously established diabetes genes (through their role in monogenic or syndromic
forms of diabetes) tend to dominate, as expected, based on their prior literature.
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We also examined evidence of connectivity among the known 30 GWAS regions in conjunction with 81
independent regions putatively associated to T2D in our Stage 1 meta-analysis (the EXPANDED LOCUS
SET, above) again using the 2006 abstract database. Overall we observed no strong evidence for specific
direct connections, and though we observed a small excess of connected loci, this was not different to
expectation (13/111 with GRAIL P<0.05 vs 6 expected, permutation P~0.54) (Tables SN16, SN17).
Exclusion of the HLA (the EXPANDED LOCUS SET MINUS HLA set, above) in the GRAIL analysis did not
quantitatively alter the results (data not shown).

REGION_ID GRAIL Pgegion-value CANDIDATE GENE Keywords Describing Functional Connections

region_30 5.6E-03 HNF1B 'insulin'
region_85 8.0E-03 SPRY4 'notch’
region_29 0.016 HNF1A 'cadherin’
region_13 0.016 THADA 'calcineurin’
region_94 0.017 NRXN1 ‘adhesion’
region_53 0.020 SPRY2 'factor'
region_52 0.030 AP3B1 'diabetes’
region_38 0.035 SATB2 'zinc'
region_108 0.038 NRXN3 'signaling'
region_1 0.041 TCF7L2 '‘growth’
region_27 0.041 FAH 'mesoderm'
region_83 0.042 TBX18 'transcription'
region_16 0.044 WFS1 'vegf'
‘cell'
'tyrosine'
'expression’
'endothelial'
‘cells'
'kinase'
'development’

Supplementary Note Table SN16: List of regions included in the expanded locus set (using published PubMed
abstracts prior to December, 2006) with the gene identified by GRAIL analysis to be the “most connected” to
other loci. GRAIL Pi4ion-values in the second column represent the most significant Pgene-value adjusted for
the multiple comparisons within a locus if the region contained more than one gene. Presented only are the
top results where Piegion < 0.05. The right panel includes the words over-represented in PubMed abstracts
featuring the most connected genes.

Supplementary Note: Page 50



Nature Genetics: doi:10.1038/ng.609

51

GENE

HNF1A

2.2E-03

alue SELECTED SIMILAR GENES (Ranl

parantheses)

HNF1B(1), PCBD2(10), APOM(15), TCF7L2(30), TNF(66), RPL32(86), PITX1(104), CPA1(111), WFS1(132), HMGA2(149), PPARG(176),
POUSF1(187), IRS1(238), PRKACB(253), BAT1(260), ACADS(333), ABCC8(416), LTA(463), KCNJ11(507), NFATC1(520), CFB(527),
ITGA2(537), ETV1(574)

SPRY4

4.0E-03

SPRY2(1), FGF9(18), PITX1(52), RAF1(133), PRKACB(151), POUSF1(181), RPL32(188), SALL3(192), TCF7L2(202), LRIG1(262), CPA1(265),
HMGA2(276), ETV1(284), VEGFA(521)

THADA

5.5E-03

HMGA2(3), WDR22(6), JAZF1(23), LHFP(24), MTAP(169), CDKN2B(275), BCL11A(300), MDS1(332), GALNTL1(358), RPL32(428),
WDR3(458), KLHDC5(499), RICH2(575)

HNF18

5.6E-03

HNF1A(1), PCBD2(12), APOM(24), RPL32(65), PITX1(86), CPA1(89), WFS1(93), TNF(100), HMGA2(103), TCF7L2(111), POUSF1(153),
PRKACB(271), BAT1(317), PPARG(340), ELAC2(401), FAM148B(412), ACADS(429), HHEX(474), ETV1(492), CUGBP2(496), CFB(553),
AGT(587), CDKN2A(608)

NOTCH4

0.010

NOTCH2(3), RPL32(60), HMGA2(90), CPA1(98), EGFL8(110), TLEA(150), SALL3(153), BAT3(194), ETV1(205), PRKACB(224), BAT2(232),
POUSF1(244), PITX1(245), TNF(287), ELAC2(307), CUGBP2(348), VEGFA(398), PBX2(435), BATS(437), ITGA2(440), BAT1(486),
TNFSF15(554), TBX18(581)

AGER

0.013

TNF(15), VEGFA(25), TNFSF15(40), AGT(S5), APOE(62), ITGA2(77), PPARG(85), HNF1B(117), LTA(119), ITGA1(161), HNF1A(168),
IFNGR1(209), FPRL1(210), ELAC2(252), HTRAL(305), HMGA2(324), BAT2(353), HSPA1B(398), PRKCE(411), PRKACB(472), RPL32(587)

TBX18

0.014

MSGN1(6), PITX1(69), NOTCH2(105), SALL3(122), HHEX(271), ETV1(311), POUSF1(325), PRKACB(342), SPRY4(351), RPL32(366),
CUGBP2(377), TLE4(384), CPA1(402), NOTCH4(447), HMGA2(483), BAT1(507)

AP3B1

0.015

MUTED(2), RAB38(16), AFTPH(54), SCARB2(77), RPL32(96), PRKACB(104), NEU1(107), VPS33B(115), COG2(139), CPA1(140), COG6(218),)
SAR1B(234), KIAA0152(266), BAT3(393), CSNK2B(480), HMGA2(491), PELO(511), ITGA2(545), BAT1(561), BAT5(619)

NRXN1

0.017

NRXN3(1), MAGI1(71), FCHSD2(156), SYN2(157), PRKACB(163), SYT16(189), RPL32(223), CUGBP2(228), HNT(325), CAMK1D(329),
BAT1(348), CSNK2B(471), BAT3(499), ITGA1(535), PPFIBP1(578)

SPRY2

0.020

SPRY4(3), FGF9(23), RAF1(50), PRKACB(107), PTK2B(141), SALL3(236), LRIG1(255), PITX1(260), BCAR1(291), PRKCE(331), VEGFA(533),
RPL32(553), CAMK1D(559), CSNK2B(607), HMGA2(614)

NOTCH2

0.021

NOTCH4(21), TLE4(63), SALL3(77), TBX18(82), POUSF1(161), PRKACB(188), PITX1(197), CPAL(232), RPL32(276), MSGN1(288),
MSI2(369), ETV1(384), SPRY4(423), CUGBP2(447), SPRY2(507), PBX2(519), HHEX(527), HMGA2(595)

FAH

0.021

EPHX2(10), HIBCH(16), RPL32(65), MAT1A(71), HNF1A(72), NEU1(95), CYP21A2(106), HNF1B(118), CPA1(122), HMGA2(173),
CTSC(201), ACADS(224), TNF(251), PRKACB(334), BAT3(398), ELAC2(411), CUGBP2(457), PELO(504), WFS1(516), BAT1(518),
HADHA(523), MTAP(558)

WFS1

0.022

OTOF(7), HNF1B(61), HNF1A(62), CTSC(75), ELAC2(140), DFNB31(170), CPA1(211), RPL32(227), KCNQ1(239), IMPA2(304),
SEC61A2(318), SSR1(328), CYP21A2(345), SAR1B(459), ABCC8(475), AP3B1(496), TNF(514), CREBL1(528), HMGA2(530), NEU1(533),
TXNDC5(567), CPA5(577)

MDs1

0.022

BCL11A(24), RPL32(28), HMGA2(40), L3MBTL(86), MSI2(167), TACC2(207), CPAL(228), ETV1(267), SETDA(312), CYP21A2(323),
PRKACB(386), CUGBP2(447), IFT52(457), BAT1(462), PBX2(497), WDR22(529), WDR3(569), SKIV2L(570)

FAT3

0.026

CDH4(12), PTPRT(137), LRIG1(156), RPL32(178), EGFL8(186), SALL3(207), CUGBP2(227), HNT(240), MAGI1(296), MSI2(404), SLIT3(440),
TLEA(457), FTO(474), PRKACB(543), PHF15(565)

CDH4

0.026

FAT3(53), MAGI1(129), PTPRT(138), TLN2(218), ITGA2(231), HNT(269), RPL32(271), ETV1(277), CPA1(283), POUSF1(294), PITX1(311),
SALL3(384), HMGA2(417), PRKACB(431), CAMK1D(513), ITGA1(520), TNC(S66), TLEA(612), CUGBP2(622)

RAF1

0.029

RREB1(31), SPRY2(63), PRKCE(116), PRKACB(121), PPP2R2C(150), SPRY4(157), PTK2B(179), CSNK2B(206), MAP3K5(218), CAMK1D(264),
HMGA2(294), SGK2(356), TNF(359), BCAR1(462), TNFSF15(514), IRS1(534), RPL32(535), NFATC1(562), BAT3(S68)

ATP6V1G2

0.032

ATPEV1G1(1), ATP6VOEL(6), ATP6V1B2(8), LY6G6D(32), C6orf47(37), BATS(40), LY6G6C(41), BATL(4S), C6orf26(47), ATPIB(49),
LY6GSB(61), BATA(70), C60rf25(76), BAT3(78), NFKBIL1(92), EGFL8(97), RPL32(106), BAT2(111), SKIV2L(113), RDBP(191), HSPALL(232),
LY6G5C(268), KIAAD152(279), VARS(320), WDR3(324), COG6(329), CPA1(393), GTPBP2(417), LTA(452), COG2(510), LST1(539),
TCF19(554)

TNC

0.034

TNXB(1), CREBL1(6), ITGA1(23), ITGA2(32), HMGA2(105), TNF(183), RPL32(187), PRKACB(201), VEGFA(220), ETV1(225), PITX1(303),
BAT3(313), HTRA1(321), CUGBP2(367), CPA1(377), LRIG1(442), POUSF1(466), TLN2(509)

SATB2

0.035

CLPTM1(12), PITX1(37), RPL32(65), HMGA2(90), SALL3(152), BAT3(225), BAT4(233), CPA1(249), BATS(263), CUGBP2(270),
WDR22(291), PELO(292), BAT1(296), CFDP1(307), PRKACB(327), LHFP(391), PBX2(422), FTO(433), ZMIZ1(441), RDBP(540),
KIAAO152(558), TBX18(613)

RREB1

0.036

ZNF239(4), RAF1(44), ZNF32(52), ZFP1(86), ZFP36L2(135), BCL11A(269), RPL32(271), MYNN(284), ZNF175(301), CDKN2A(314),
TAF4(475), HMGA2(520), PITX1(535), PRKACB(550), CREBL1(615), SALL3(623)

RAB38

0.036

MUTED(3), AP3B1(11), RAB10(25), SAR1B(88), CPA1(168), RPL32(180), COG6(185), VPS33B(192), COG2(228), GTPBP2(318),
ATP9B(320), HMGA2(340), BAT1(442), SEC24A(527), NEU1(532), PRKACB(540), SCARB2(587), BAT3(609)

IDE

0.036

IRS1(5), APOE(46), HNF1A(103), RPL32(130), HTRA1(153), PPARG(160), TNF(165), ABCC8(166), APOC1(169), ELAC2(204), PRKACB(216),
CSNK2B(225), CPA1(242), SLC30A8(278), FURIN(295), KCNJ11(367), HNF1B(407), BAT3(419), HIBCH(423), APOM(508), AGT(538)

NRXN3

0.038

NRXN1(2), SYN2(39), FCHSD2(136), PRKACB(163), CAMK1D(177), GRMS5(200), KIAAO152(202), CHRNA2(220), RPL32(228), TNF(277),
ETV1(312), ACTN1(323), ITGA1(352), CUGBP2(420), MAGI1(445), BAT1(559), ITGA2(560)

VEGFA

0.041

TNFSF15(24), TNF(47), AGGF1(110), ITGA2(120), SMOC2(149), AGT(185), SPRY4(266), HMGA2(276), TNC(289), PPARG(311),
SPRY2(316), APOE(334), ITGAL(369), HTRA1(413), LTA(420), PRKCE(432), FGF9(531), CDKN2A(545), RPL32(557), PITX1(560),
AGER(568), NOTCH4(601), NFATC1(614)

TCF7L2

0.041

CCDC8BC(68), HNF1A(91), SPRYA(133), PITX1(142), HNF1B(192), PRKACB(194), POUSF1(206), HMGA2(241), RPL32(254), ELAC2(255),
TNF(296), NFATC1(362), TLE4(417), ITGA2(459), CSNK2B(464), ETV1(473), RREB1(490), PPARG(S05), BAT1(514), SALL3(520),
HHEX(524), ZMIZ1(525), CPA1(545)

ZFP36L2

0.041

ZNF239(3), ZFP1(S0), RREB1(53), ZNF32(62), RPL32(138), CUGBP2(252), BAT1(257), BCLL1A(261), SLC30A8(390), JAZF1(392),
MYNN(411), SKIV2L(415), PHF15(418), CFDP1(497), RDBP(S57), RNFS(600), CPA1(611), ZNF175(613)

POUS5F1

0.042

MSI2(57), HHEX(97), PITX1(102), RPL32(131), SALL3(233), TLE4(261), ETV1(294), PELO(303), HMGA2(305), PRKACB(353), CPA1(374),
SPRY4(410), NOTCH2(567), CUGBP2(570)

CDKN2B

0.045

CDKN2A(1), MTAP(4), HMGA2(72), CCNE2(92), RPL32(123), TNF(180), L3MBTL(181), E2F3(183), TPS3INP1(273), RREB1(295),
PRKACB(308), CPA1(346), BAT3(363), TNFSF15(388), BCL11A(401), SPRY4(406), HTRA1(417), PITX1(429), ELAC2(454), JAZF1(462),
PELO(491), MSI2(513)

FGF9

0.046

SPRY4(28), SPRY2(29), PITX1(88), POUSF1(112), ETV1(187), HMGA2(291), PRKACB(310), VEGFA(312), CPA1(325), SALL3(328),
RPL32(399), TNC(401), TNFSF15(514), TNF(526), NOTCH2(549), HTRA1(576)

HDDC3

0.047

SRBD1(1), EXDL2(8), CDKALL(17), C60rf206(48), C8orf38(121), TMEM170(149), RCCD1(165), C20rf39(322), PLEKHH2(348), INTS8(568)

Supplementary Note Table SN17: List of connections from the GRAIL analysis for selected genes (Pgene < 0.05)
for the analysis shown in Table SN16. GRAIL Pgene-values listed here are the results for the test of the gene

itself, and thus are not adjusted for the number of genes tested within a locus. We present here the results for
the top GRAIL Pgene < 0.05.
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PANTHER

We used the Panther database (http://www.pantherdb.org/)*’**"* to search for biological processes over-

represented by genes at T2D associated loci by comparing gene lists (described above) from T2D
associated loci to a reference list containing 25,431 human genes, 14,110 with available biological process
annotation. We asked whether the proportion of input genes in a given biological pathway or function
was greater than the proportion in the reference list of 14,110 biologically-annotated genes. The P-values
were adjusted for multiple testing by generating 20,000 random sets of genes, each including the same
number of genes as the set used in the original analysis. For each of the 20,000 gene sets the correlation
with the 242 biological processes was re-tested and the P,q-value was calculated as the fraction of sets
that produced a P-value smaller than or equal to the original P value.

All 82 genes in the confirmed locus list were identified in the database and biological process annotation
was available for 62 genes. No pathways were significant after adjustment for multiple testing but the
highest ranking processes were “Cell adhesion-mediated signaling”, “Signal transduction” and “Cell cycle
control”. A total of 310 out of 320 genes on the expanded (minus HLA) list (which was prioritized for this
analysis) were identified and biological process annotation was available for 230 genes. This analysis
yielded two significant biological processs (P<0.05 after correction) (Table SN18). The most prominent
signal was obtained for signal transduction with 64 observed hits in the expanded (minus HLA) analysis
and 19 in the confirmed locus set. Those 19 genes in the confirmed locus set map to a total of 13 of the
confirmed loci and include the genes listed in parentheses after each locus name

e NOTCHZ2 locus (NOTCH2, ADAM30, FCGR1B)
e THADA locus (ZFP36L2)

e /RSI locus (IRSI)

e PPARG locus (PPARG)

e ADAMTS9 locus (ADAMTS9)

e CDKALI locus (E2F3)

e CAMKID locus (CAMKI1D)

e CENTDZ2 locus (CENTDZ2, PDE2A, P2YR2)
e MTNRIB locus (MTNRIB, FAT3)

e TSPANS locus (TSPANS)

e HNFIA locus (SPPL3)

e ZFANDG locus (ZFANDG6)

e PRCI locus (FURIN, FES).
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NCBI:
H. sapiens

Expanded minus HLA

genes (REF) 310 gene IDs
P- value
Biological Process Total Observed Expected P- value adj
Signal transduction 3406 64 41.52 0.000269 0.017
Protein metabolism & modification 3040 57 37.06 0.000657 0.043
Transport 1306 30 15.92 0.000748 0.051
Cell adhesion-mediated signaling 379 13 4.62 0.000913 0.062

Supplementary Note Table SN18: PANTHER analysis using the “expanded (minus HLA) locus list”. Only the top
two processes (in bold) were significant (P<0.05) after Bonferroni correction: “Signal transduction” and

“Protein metabolism and modification”.
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Reactome

$72573 Reactome provides author-

We used the Reactome database for pathway enrichment analysis
curated validated summaries of key biological processes. To increase the protein/gene coverage of the
Reactome pathways, these core curated pathways are decorated with annotations provided by importing
information from four other databases: Panther (http://www.pantherdb.org), Nature-PID
(http://pid.nci.nih.gov), KEGG (http://www.genome jp/kegq), and Cell-Map (http://cancer.cellmap.org). In

the enrichment analysis, we calculated P-values (comparing the proportion of genes in a given pathway

represented in the T2D-associated gene list as compared to that in the total annotated gene list) based on
a binomial test of proportion. For a given P-value cutpoint the false discovery rate (FDR) was calculated as
Nempirical <P-value/ (Nobs <P-value *1000)574. Pathways with FDR < 0.20 were considered significant.

In Table SN19 we show all pathways attaining FDR<0.20 for the “confirmed” and “expanded” locus sets
(82 and 383 recognised genes included respectively). When the single HLA-related locus was removed to
generate the "expanded minus HLA" list, the "natural killer cell mediated cytotoxicity” and “SLE" pathways
were no longer significant (as might have been expected given their heavy dependence on genes
mapping to the HLA LD interval). The “notch-signalling” pathway also became non-significant after
excluding the HLA signal (presumably because one of the group of genes within this pathway maps to the
HLA region [NOTCH4]).

In addition to these analyses, and to create and visualize gene set interaction networks, we used a
functional interaction (FI) network generated by curated interactions extracted from reactions and
complexes annotated in pathways, combined with bimolecular interactions predicted using a Naive Bayes
Classifier (NBC). This NBC was trained using features from protein-protein interactions in human, yeast,
worm and fly, gene co-expression from DNA array experiments, protein-protein interactions from text
mining, domain-domain interactions, and Gene Ontology biological annotations. To construct a network
among a set of genes, we first hierarchically clustered genes based on shortest path among each pair of
the genes, and then added linking genes between two child clusters if needed. For network clustering, we

S75

used an “edge betweenness” algorithm®’®. The final diagrams were drawn in Cytoscape®’® and the

functional interactions annotated by a Cytoscape plug-in developed for the FI network®”’ (Figure SN7).
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Pathway

# proteins
in
pathway

# proteins
from
sample

CONFIRMED LOCUS LIST

Maturity onset diabetes of the young 23 3 1.46E-04 0.02 [HHEX, HNF1B, HNF1A]
FOXA2 and FOXA3 transcription factor 39 3 6.81E-04 0.05 [KCNJ11, ABCCS, HNFIA]
networks
Cell cycle 112 4 1.42E-03 0.08 [E2F3, CDKN2A, CCNE2, CDKNZ2B]
Signaling by Notch 16 2 2.32E-03 0.11 [FURIN, NOTCH2]
Regulation of retinoblastoma protein 61 3 2.45E-03 0.09 [PPARG, E2F3, CDKN2A]
cyclins and cell cycle regulation 19 2 3.24E-03 0.11 [CDKNZ2A, CDKN2B]
cell cycle: g1/s check point 22 2 4.31E-03 0.11 [CDKNZ2A, CDKNZ2B]
growth hormone signaling pathway 22 2 4.31E-03 0.11 [IRS1, HNF1A]
FOXA transcription factor networks 75 3 4.36E-03 0.10 [KCNJ11, ABCC8, HNF1A]
Thyroid cancer 25 2 5.52E-03 0.11 [PPARG, TCF7L2]
EXPANDED LOCUS LIST
. . . [ATP6V1G2, ATP6VOE1, ATP6V1B2,
Vibrio cholerae infection 38 6 1.56E-04 0.03 ATP6VIGI, PRKACB, KCNQIJ
[NFATC1, PPP3CA, NCR3, TNF,
Natural killer cell mediated cytotoxicity 116 10 1.65E-04 0.02 IFNGR1, PTK2B, HLA-B, MICA, MICB,
HLA-C]
role of B-arrestins in the activation and 28 5 3.21E-04 002 [P2RY2, FPRI, ARRBI, RAFI, AGT]
targeting of map kinases
roles of B arrestin dependent recruitment 32 5 5.86E-04 003  [P2RY2, FPRI, ARRBL, RAFL, AGT]
of src kinases in gpcr signaling
. - . . [APOE, ACADS, HADHA, PRKACB,
Metabolism of lipids and lipoproteins 103 8 1.46E-03 0.06 CYP21A2, HADHB, SAR1B, APOC2]
Systemic lupus erythematosus 11 3 1.64E-03 0.06 [C4A, C2, C4B]
B-arrestins in gpcr desensitization 26 4 2.23E-03 0.07 [P2RY2, FPR1, ARRB1, AGT]
[NFATC1, GNAL, PPARG, PRKCE,
Endothelins 168 10 2.74E-03 0.08 IRS1, TNF, BCAR1, RAF1, PTKZ2B,
MAP3K5]
Signaling by Notch 16 3 4.69E-03 0.13 [NOTCH4, NOTCH2, FURIN]
. . [PRKCE, PPP2R2C, SPRY2, SPRY4,
FGF signaling pathway 102 7 5.62E-03 0.14 RAF1, MAP3KS, FGF9)]
sprouty regulation of tyrosine kinase 18 3 6.48E-03 014 [SPRY2, SPRY4, RAF1]

signals

Supplementary Note Table SN19: Reactome analyses showing all pathways with FDR<20%. Note that these

analyses do not adjust for regions with multiple related genes (e.g. KCNJ11, ABCC8) and therefore may

overestimate significance where multiple genes within a pathway map to a single locus.

Supplementary Note: Page 55




Nature Genetics: doi:10.1038/ng.609

H2RY
& LTA
GRM5 G PHP2R2C INFSF15 k.
\ o \_
\ / & o &
RRI PR1 TN'f"
MTWRI‘IT——_A L AP m______._—-A
B-arrestin related Em;;:iz’ms
pathways RAFE p Yy
BATS /CSNK{B NFATG+—PPP3CA
RDEP .
M N = Metabolism of lipids HNE1R
(’ L 4 i and lipoproteins i
".Zl-] : 3 02 ]ﬁ; NF1A
Endothelins ! GPi :
athwa, R & 4
g ¥ e B RPL261L1 [s T S PCBD2
= : X
1l 1
/ \ .
“AG l,)(:'r 1 Rylaz—-ﬁ?lz CHKN2A A’u
FCHSD2 = T \ - “BhXa6 l .
ITGA2 4 1 Cell cycle "
1 " ] 1 P ‘)_{l_’a; M
< B TINz 4 e VB2
Hi . \ e
I v =
: . \ 4 NOTCH2 ZxFizs_
“‘L 0 P ‘\ ZNF3z
NOTCHg I 2
% 4 A
s h
ZFPy. _ (9!
“‘U,l,l a E: 7NF230 . a
HLAB - - HLAXC  KCNQ+—PRKACB SEC61Az—SSR1
@ - - ~PAF5L BLe ) T—) HADHA——HADHE ABOCB——KCNJ11 @ - - -

—» Activation/catalysis
— Inhibition

Other functional interaction

GWAS Gene

@ Gene from Expanded List

Predicted functional interaction

Supplementary Note Figure SN7: Functional interaction network generated for the EXPANDED locus set. Of
the 383 genes that could be matched, 212 were represented in the FI network and 82 genes are displayed in
the subnetworks shown. Genes in different colors are in different clusters except those in clusters containing
two genes only, which are in brown at the bottom of the figure. Genes in the same network cluster are

assumed to have same or similar function.
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GWAS-PPI

The GWAS-PPI approach relies on mapping genes within regions of GWAS association to networks based
on empirical protein-protein interaction data without direct recourse to pathway data. Thus, genes within
the canonical gene lists were mapped to the Human Protein Reference Database (HPRD release 8)°’®
protein-protein interaction network by HUGO gene name. To construct networks without prior knowledge
of the associated gene function, a protein-protein interaction network of SNP-associated gene products
was built by stepwise addition of individual gene products (nodes) to the network, using the P-value of
the maximally-associated SNP in each region to define the order of addition (starting from the most-
significant). We initially focused on adding genes within the expanded locus list, but later extended this to
the “further expanded locus list” which includes all loci containing SNPs with p<10~ on the Stage 1 meta-
analysis.

Edges between nodes (genes) were added if a protein-protein interaction between a newly added node
and any node already present in the network was found to be recorded in HPRD. Multiple nodes
associated with the same SNP, and hence the same significance value, were added in random order. To
avoid a gene clustering effect during network construction, interactions between genes associated with
the same SNP were flagged as likely false positives and removed during visualization. All nodes not
connected to any other node were ignored.

Out of 82 genes in the “confirmed” gene list, 44 have known interaction partners in HPRD, but only 4
interact with other genes in the same list. These include the KCNJ11-ABCCS link which is flagged as a
likely false positive, as both are associated with the same SNP (though in truth, the products of these two
genes do indeed interact as the two components of the heteroctomeric beta-cell Karp channel). The other
observed interaction was between FES (which maps to the PRCI locus) and IRS1. Equivalent analyses
involving the expanded list (minus HLA) identified a total of 166 genes with products represented in
HPRD. The previously-identified interactions between FES and IRS1 extend to include BCAR1 and PTK2B
and a larger subnetwork centered on RAF1 emerges. Excluding KCNJ11-ABCCS, there are 16 genes with
11 binding interactions in the resulting network (Figure SN8). Inclusion of the HLA signal led to
expansion of some of these networks (and identification of additional networks based around known HLA
interactions) but we regard these with some caution (because of the disproportionate size and content of
the LD interval around HLA and the enhanced chance that we might be picking up subtle stratification
effects at this signal which did not reach genome-wide significance in our combined Stage 1 and Stage 2
analyses (rs1048709: Table SN4; Supplementary Table 3).

We wanted to see if including a larger set of genes/proteins associated with less pronounced association
P-values enriched network identification and extended these analyses to the “further expanded data set”.
This resulted in a large network which becomes difficult to disentangle manually (Figure SN9).
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To determine whether or not the extent of protein interaction observed was greater than expected by
chance, this large network was compared to a set of “random” networks, generated by randomly selecting
a number of gene identifiers from the HUGO gene name table (Ensembl, Release 55) equal to the number
of genes contained in the GWAS correlated marker set. We compared edge counts found in the empirical
T2D-association gene set network to the distribution of signals found in 100 such random networks. We
repeated this exercise as we increased the number of proteins added to the network (in order of T2D-
association P-value) and observed a higher than expected edge count in the T2D-associated network
(whether or not we included HLA-associated loci). Notably, this increased signal only became evident as
the number of genes/proteins included was increased to ~800 or more (ie beyond the number in the
"expanded” gene list) (Figure SN10).

Finally, to tease out interesting functional subunits from the largest network (ie the “further expanded
locus list”) we searched for subnetworks characterized by particularly low T2D-association P-values SNPs.

We applied the jActiveModules algorithm **<%

utilizing the Cytoscape framework
(http://www.cytoscape.org/). The standard search (search depth 2, scoring for size and regional scoring)
identified one particularly notable subnetwork. This network, which includes 18 protein members, was the
only large (>3 members) network to generate a normalized aggregate subnetwork T2D-association Z-
score >2 (in this case 3.00, so equivalent to p=0.004). This network still emerged as the most significant
network if we corrected for instances of multiple related genes within the same locus (eg at chr9) (Figure

SN11).

The identified subnetwork was studied for functional enrichment using GeneGo's MetaCore system*®, and
demonstrated strong enrichment for components of cell-cycle regulation (p~2.8x10'7) (Figure SN12). This
subnetwork is partly overlapping with the cell-cycle network revealed by the bimolecular interaction
analyses described earlier (in the Reactome section): the two analyses also partly overlap in the databases
used.

This cell-cycle regulation signal emerges strongly even though the PPI databases did not provide links to
several additional genes within confirmed association intervals that have putative roles in cell-cycle
regulation and which constitute excellent positional candidates. These include CDKAL1 (a putative
regulator of CDK5); CCNEZ2 (within the TP53INP1 locus); and CDKNIC (the likely effector gene for the
KCNQ1 association). We conclude that this analysis provides further evidence supporting the role of cell
cycle regulation in the pathogenesis of T2D.
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Supplementary Note Figure SN10: SNP-associated genes coding for proteins present in the “further
expanded” data set (dark blue) plotted in the order of the T2D-association P-value versus the number of their
protein-protein interactions present in HPRD. The number of protein-protein interactions is compared to the
distribution of protein-protein interaction counts (mean in light blue, 1SD in green) obtained from conducting
a similar analysis on 100 different “random” protein lists generated from protein identifiers in the ENSEMBL
database. The empirical data plotted are the “further expanded” gene list before (light blue) and after (dark
blue) removing genes mapping to HLA-associated loci.
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Supplementary Note Figure SN11: Subnetwork characterized by highly-associated P-values. Nodes represent
proteins derived from genes mapping to intervals in the “further expanded” locus list. Solid grey lines (edges)
represent HPRD protein-protein interactions. Node colors refer to the T2D-association P-value of the
maximally associated SNP in the cognate association interval
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Supplementary Note Figure SN12: Functional assessment of the 18-protein subnetwork revealed within the
“further expanded” gene list.
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GENE SET ENRICHMENT ANALYSIS

Using a gene set enrichment analysis (GSEA) approach, we tested a number (30) of specific hypotheses
relating to the etiology of T2D, proposed on the basis of previous genetic and/or functional studies. In
particular, we tested whether annotated pathways related to insulin signaling, inflammation, cell cycle, fat
oxidation, amyloid metabolism, or vitamin D metabolism were enriched for genes associated with T2D.

The GSEA approach used is based on one previously developed for expression data®***

SNP data from GWA studies in the context of genes and sets of functionally related genes, testing

, and analyzes

whether given biological processes are enriched for genes associated with a chosen polygenic disease or
trait. This method, called Meta-Analysis Gene-set Enrichment of variaNT Associations (MAGENTA)®®
not require genotype data as input but only SNP association statistics, making it especially amenable for

does

analyzing GWA meta-analyses. Briefly, the method involves: (i) assigning to each gene in the chosen
annotated pathway, and for the trait of interest, the most significant association score (z-score) amongst
all SNPs within 110kb upstream and 40kb downstream of the gene’s most extreme transcript start and
end sites, respectively; (ii) correcting for confounders on the best-SNP-per-gene score using a step-wise
multivariate linear regression model that regresses out the effects of five previously identified
confounders (physical gene size, density of SNPs per gene, density of estimated number of independent
SNPs per gene (i.e. SNPs in linkage equilibrium), linkage disequilibrium units per gene, and density of
number of recombination hotspots spanning each gene) to generate a "normalized gene score”; (iii)
Defining the sets of functionally related genes to be tested; if multiple genes within a given gene-set
contained the same strongly associated SNP, the gene with the most significant normalized gene score
was retained (this was done to prevent overestimation of the gene set enrichment P-value due to two or
more genes in a gene set that lie next to each other in the genome); and (iv) Testing whether any of the
given gene sets are enriched for highly ranked gene association scores (after adjustment for confounders
and positional clustering) above a given gene score cutoff. An enrichment P-value was defined as the
fraction of 10,000 gene sets, randomly sampled from the genome, whose number of genes above a given
gene score cutoff ("highly ranked” genes) was similar to or larger than the number of highly-ranked genes
in the tested gene set. The size of the randomly sampled gene sets was identical to that of the queried
gene set, following adjustment for positional clustering of subsets of genes in each gene set. We used a
Bonferroni correction to account for the testing of multiple functional categories. To improve the power
of the analysis, and in contrast to the other analyses presented in this section, we used the 95th percentile
of all gene scores calculated from the DIAGRAM+ study as the enrichment threshold. This resulted in a
total of 920 genes above the 95" percentile threshold.

Across the Gene Ontology (http://www.geneontology.org), KEGG (http://www.genome.jp/kegqg), Ingenuity
(http://www.ingenuity.com), and PANTHER (http://www.pantherdb.org) databases, we identified and
tested 30 sets related to insulin signaling, inflammation, cell cycle, fat oxidation, amyloid metabolism, and
vitamin D metabolism, using MAGENTA (Table SN20). Overall, we observed that gene sets related to cell
cycle, inflammatory response, and fatty acid oxidation were nominally enriched for genes association
scores that ranked in the top 5% most significant scores in the DIAGRAM+ meta-analysis (GSEA p<0.05).
Vitamin metabolism, amyloid processes and insulin signaling were not significantly enriched for T2D gene
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associations relative to genomic background (GSEA p>0.05). The results for the cell cycle and fatty acid
oxidation groups, but not for inflammatory response, were primarily driven by association to confirmed
loci. No gene set was significantly associated with T2D after a Bonferroni correction for multiple testing
(nominal p<0.0017), though this threshold is quite conservative given the considerable overlap between
gene sets within a given hypothesis. The cell cycle hypothesis was not rejected after a more modest
adjustment for the number of hypotheses tested (6 hypotheses requires a nominal p < 0.0083).
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Observed # Expected #
category tested toconfirmed GSEAP- genesabove genesabove
by GSEA T2D SNPs value cutoff cutoff

# genes in # genes linked Nominal

Genes linked to confirmed T2D
SNPs

Database Gene set

Hypothesis

GO, biological process Fatty acid beta oxidation {GO:0006635) 11 1 0.0144% 3 1 ACADS
GO, biological process Fatty acid oxidation (G0:0019395) 18 1 0.0580* 3 1 ACADS
Fat oxidation GO, biological process Fatty acid metabolic process (GO:0006633) 57 1 0.1582 5 3 ACADS
KEGG Fatty acid elnogation in mitochondria 8 0 0.3323 1 <1
KEGG Fatty acid metabolism 45 1 0.3877 3 2
GO, biological process Fatty acid biosynthetic process (G0:0006633) 12 0 0.4601 1 1
KEGG Insulin signaling pathway 127 1 0.2972 8 6
Ingenuity Insulin receptor signaling 33 1 0.497 2 2
GO, biological process Insulin receptor signaling pathway (GO:0008286) 18 1 0.6036 1 1 IR51
Insulin signaling Insulin/IGF pathway-mitogen activated protein kinase
Panther pathway-mitog P 19 0 0.6277 2 1
kinase/MAP kinase cascade
Panther Insulin/IGF pathway-protein kinase B signaling cascade a4 0 0.8937 1 2
Panther Alzheimer_disease-amyloid_secretase_pathway 24 0 0.7088 1 1
Amyloid metabolism ) ) )
G0, biological process Amyloid precursor protein metabolic process 10 o 1 o 1
. : ; Panther Vitamin D metabolism and pathway 13 o 1 o 1
Vitamin D metabolism ) ) L i
GO, biological process Vitamin metabolic process (G0:0006766) 16 0 1 0 1
GO, biological process Inflammatory response (GO:0006954) 113 0 0.0107 12 6
Ingenuity IL-6 signaling 27 0 0.1429 3 1
Ingenuity IL-4.Signaling 16 1 0.2164 3 1 IRS1
. GO, biological process Acute inflammatory response (G0:0002526) 10 ] 0.4026 1 1
Inflammation ) ) i
Ingenuity IL-10.Signaling 24 0 0.4388 3 1
Ingenuity IL-2 signaling 16 0 0.5545 1 1
panther Inflammation mec.llatet.:l by chemokine and cytokine 83 0 0.9285 2 4
signaling pathway
. . i " CDKNZA, CDKN2B, KIF11, NOTCH2, CDC123,
GO, biological process Cell cycle (GO:0007049) 296 8 0.0062 25 15 PRCI, CCNEZ, CENTD2
GO, biological process M-Phase (GO:0000279) 109 2 0.0454* 10 5 CDKN2B, KiF11
GO, biological process Cell cycle process (GO:0022403) 180 5 0.0605 14 9 CDKN2A, CDKN28, KiF11, PRC1, CENTD2
cell cycle GO, biological process Mitotic cell cycle (GO:0000278) 142 5 0.0967 11 7 CDKN2A, CDKN28, KiF11, CDC123, PRCI
GO, biological process Cell eycle phase (G0:0022403) 158 3 0.1630 11 8 CDKNZA, CDKN2B, KIF11
GO, biological process Mitosis {GO:0007067) 78 2 0.18393 6 4 CDKN2E, KiF11
GO, biological process M phase of mitotic cell cycle (GO:0000087) 81 2 0.2025 6 4 CDKN2B, KiF11
KEGG Cell cycle 104 3 0.7759 4 5 CDKN2A, EDKN2B, CCNEZ

Supplementary Note Table SN20: GSEA results from 30 gene sets tested for enrichment of association signals from the overall meta-analytical results.

“Confirmed” refers to the 30 autosomal hits from this and previous studies attaining genome wide significance; “tested” refers to the number of genes in each
gene set included in the analysis following removal of genes without SNPs in their extended gene boundaries, and removal of all but one gene from each subset
of genes assigned the same best local SNP (the gene with the most significant score was retained); “cutoff” refers to the 95 percentile of all gene scores
calculated from the DIAGRAM + study. Results in bold highlight gene sets that were modestly enriched (p<0.05). A stringent Bonferroni cutoff correcting for the
total number of gene sets tested is p<0.0017, and a less stringent Bonferroni cutoff correcting for the total number of hypotheses tested is p<0.0083. Results
noted by asterisks (*) on the right become non-significant when associations at confirmed loci are removed from the set.
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SUPPLEMENTARY FIGURE LEGENDS

Supplementary Figure 1: Regional plots of the 30 established T2D loci before (left panel) and after
(right panel) conditioning on the index associated variant. Genotyped and imputed SNPs passing QC
across all Stage 1 studies are plotted with their meta-analysis P-values (as -log10 values) as a function of
genomic position (NCBI Build 36). In each panel, the index association SNP is represented by a diamond,
with Stage 1 meta-analysis results denoted by a red diamond, and the combined Stage 1 and Stage 2
meta-analysis result with a clear symbol. Estimated recombination rates (taken from HapMap CEU) are
plotted to reflect the local LD structure. SNP color indicates LD with the index SNP according to a scale
from r’=0 to r’=1 based on pairwise r* values from HapMap CEU. Gene annotations were taken from the
University of California-Santa Cruz genome browser. Five of the genome-wide significant regions
(TP53INP1, CDKNZ2A, HHEX/IDE, KCNJ11, KCNQI) show preliminary evidence for secondary signals (P<10
4

).

Supplementary Figure 2: Comparison of T2D and fasting glucose effect sizes for 31 autosomal
signals. For each of the 31 autosomal signals shown, in this and previous papers, to be genome-wide
significant for T2D (and excluding six recently reported signals'**) we plot the T2D OR obtained from the
Stage 1 DIAGRAM+ analysis (y-axis) against the fasting glucose effect size obtained from the ~46,000
non-diabetic individuals included in the MAGIC stage 1 analysis12 (x-axis). The colors denote the
association P-value for fasting glucose in the MAGIC analysis (red: P<107, orange: 10°<P<107 yellow
0.01<P<0.05, green 0.05<P<0.20, blue: P>0.20). All effect directions are shown for the T2D-risk allele.
Whilst some variants have an effect on both T2D-risk and fasting glucose in non-diabetic subjects (e.g.
MTNR1B, SLC30A8), other T2D-risk variants (e.g. IRS1, KCNJ11, HNF1A) have no detectable impact on
glucose homeostasis in non-diabetic individuals
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|Supp|ementary Table 1: Summary of samples included in Stages 1 and 2

Study Origin Cases Controls Effective size
Stage 1
Diabetes Gene Discovery Group (DGDG) France 679 697 1,376
deCODE Iceland 1,465 23,194 5,512
Diabetes Genetics Initiative (DGI) Sweden, Finland 1,022 1,075 2,096
EUROSPAN (ERF, MICROS, ORCADES, VIS) Croatia, Italy, Netherlands, UK 268 3,710 966
Finland US Investigation of NIDDM genetics (FUSION) Finland 1,161 1,174 2,334
KORAgen Germany 433 1,438 1,332
Rotterdam Netherlands 1,178 4,761 3,778
Wellcome Trust Case Control Consortium (WTCCC) UK 1,924 2,938 4,650
ICombined Stage 1 8,130 38,987 22,044
Stage 2
In silico replication [Autosomal]
Atherosclerosis Risk in Communities (ARIC: European subset) us 691 6,425 2,496
Framingham Heart Study (FHS) us 674 7,664 2,478
Nurses Health Study (NHS) us 1,467 1,754 3,196
2,832 15,843 8,170

De novo genotyping

ADDITION/Ely UK 892 1,612 2,296
Breda™’ Netherlands (545) (880) (1,346)
Cambridgeshire Case Control Study (CCCS) UK 541 527 1,068
DARTS (UK T2D Genetics Consortium)® UK 5,113 6,615 11,536
Diabetes Gene Discovery Group (Stage 2)° France 3,200 3,125 6,324
DiaGene/Rotterdam Netherlands 1,699 1,656 3,354
Finland US Investigation of NIDDM genetics (FUSION2 data set) Finland 1,211 1,266 2,476
GCl-Polish Poland 790 803 1,592
GCI-US us 1,190 1,168 2,358
HUNT Norway 1,213 3,221 3,524
KORAgen Germany 1,016 1,498 2,422
Malmo Diabetes Registry/Diet and Cancer Study Sweden 2,449 3,363 5,668
METSIM Finland 940 4,152 3,066
Norfolk Diabetes Case Control Study and EPIC (NDCCS) UK 6,056 6,428 12,472
Steno Denmark 3,672 5,046 8,502
Ulm® Germany 944 1,949 2,544
W2C/UKBS (UK T2D Genetics Consortium, RS2 set) UK 654 1,653 1,874
31,580 44,082 71,076
ICombined Stage 2 [Autosomal only] 34,412 59,925 79,246
Total Overall [Autosomal] 42,542 98,912 101,290

2 Only these studies contributed samples to the follow-up of the X-chromosome signal, totalling 8,535 cases and 12,362 controls.

® Note that the Breda cohort contributed to replication of the X chromosome result only, so is not included in the combined sample count.



ppl al Table 2: Sample characteristics for Stage 1 and Stage 2 |
Fasting
Mean Age Age at Onset BMI Glucose
Study Sample Status Total N (M/F) (Years) (Years)® (kg/m?) (mmol/1)°
Stage 1
DGDG Case 679 413/266 59.5+10.1 45.1+8.4 259+28 9.2+3.1
Control 697 281/416 53.9+5.6 - 232+18 5.1+0.4
Case 1,456 868/597 68.4+12.7 55.1+12.7 30.1+54 85+27
deCODE (n=1,009) (n=1,318)
Control 23,194 7,316/15,878 59.7+18.1 _ 26.8+5.0 53+0.7
(n=5,906)
DGI Case 1,022 529/493 65.0 + 10.0 58.0 +10.0 28.1+4.1 9.5+3.1
Control 1,075 540/535 58.0 + 10.0 - 27.6+3.7 5.3+0.5
EUROSPAN — VIS Case 123 52/71 64.5+13.3 n/a 284142 8.0+25
Control 660 276/384 55.0+15.4 - 27.2+4.2 5.3+0.7
EUROSPAN — ERF Case 74 34/40 60.2+12.4 n/a 30.3+5.4 7.2£22
Control 1,327 523/804 49.9+15.8 - 26.6+4.6 4.5+0.7
EUROSPAN — ORCADES Case 27 19/9 62.4+10.6 n/a 33.1+538 89+25
Control 688 313/375 53.2+15.7 - 27.5+47 5.3+0.5
EUROSPAN — MICROS Case 44 22/22 63.1+12.5 n/a 30.6+8.6 89+34
Control 1,035 445/590 443 +15.7 - 25.4+4.4 4.6+0.6
FUSION Case 1,161 653/508 629+7.6 53.7+9.1 30.2+4.7 9.4+3.1
Control 1,174 574/600 63.6+7.4 - 27.1+39 5.3+0.5
KORA Case 433 255/178 65.2+8.3 58.2+10.3 30.9+5.0 n/a
gen
Control 1,438 693/745 61.9 +10.2 - 27.7+43 n/a
Case 1,178 488/690 71.1+8.9° 71.5+89  27.4%4.0° n/a
Rotterdam
Control 4,761 1,928/2,833 69.0+9.1 - 26.0+3.6 n/a
Case 1,924 1,118/806 58.6 £10.1 50.3+9.2 30.7+6.1 n/a
WTCCC Control 1,480 741/739 445+0.3 - 27.4+4.8 n/a
Control 1,458 705/753 434+12.4 - 26.2+43 n/a
Stage 2
In silico replication
Case 691 375/316 56.1%5.6 50.4+10.8 30.4%55 9.3£3.6
ARIC n=454
Control 6,425 2,848/3,577 54.0+5.7 - 264+4.6 54+04
FHS Case 674 386/288 63.7+12.4 58°¢ 314+65 8.6+28
Control 7,664 3,443/4,221 52.3+16.0 - 27.0+5.1 5.3+0.5
NHS Case 1,467 0/1,467 435%6.7° 59.4+9.9  27.4%50° n/a
Control 1,754 0/1,754 431+ 6.8 - 235+39 n/a
Addition/Ely Case 892 339/553 61.2+7.2 n/a 33.1+5.7 n/a
Control 1,612 886/726 60.9+9.1 - 27.1+47 5.0+0.5
Breda Case 545 245/300 70.4 £10.0 58.6 +11.5 27.9+43 8324
Control 880 341/539 47.7+12.8 - n/a n/a
cecs Case 541 198/343 63.4+79 55.8+8.8 29.8+5.3 n/a
Control 527 189/338 63.6+79 - 274+41 n/a
DARTS Case 5,113 2,918/2,195 63.6+9.3 56.2+8.6 31.9+6.3 n/a
Control 6,615 3,254/3,361 58.6+11.8 - 27.2+4.6 49+0.5
Case 3,200 2,013/1,185 62.2+11.0 50.9+11.0 29.2+39 84+29
DGDG (Stage 2) (n=1,711)
Control 3,125 1,320/1,805 49.3+11.7 - 245+36 5.1+0.5
Case 1,699 920/779 66.9 +10.2 n/a 304+53 n/a
DiaGene / Rotterdam Control 1,656 727/929 64.6+7.9 - 27.0+3.8 n/a
FUSION2 Case 1,211 722/489 59.5+85 55.5+8.9 30.8+54 7724
Control 1,266 773/493 58.7+7.7 - 269+39 54+04
GCl-Polish Case 790 326/464 61.9+9.6 n/a 29.5+4.8 n/a
OllIs!
Control 803 300/503 58.2+7.1 - 26.1+3.7 n/a
GCI-US Case 1,190 624/566 62.1+11.0 n/a 329+70 n/a
Control 1,168 615/553 60.2+9.7 - 274+51 n/a
HUNT Case 1,213 575/638 68.5+11.4 n/a 29.5+4.8 n/a
Control 3,221 1,574/1,647 65.0 + 14.5 - 26.8+4.1 n/a
KORAgen Case 1,016 561/455 60.5+9.3 n/a 30.5+53 n/a
Control 1,498 821/677 60.6 +9.2 - 28.0+44 n/a
Malmo Case 2,449 1,448/1,001 58.4+11.5 n/a 29.7+55 10.6+5.3
Control 3,363 1,254/2,109 57.5+6.0 25.0+3.6 54+04
METSIM Case 940 940/0 60.4£6.3 57.1+7.38 30.2+5.2 7721
Control 4,152 4,152/0 56.9+6.8 - 26.2+34 55+0.4
NDCCS2 Case 6,056 2,481/3,575 66.7 +10.9 60.4 +11.7 29.9+56 n/a
Control 6,428 3,390/3,038 58.4+9.3 - 26.1+3.6 n/a
Steno Case 3,672 2,183/1,489 60.4+9.7 52.3+11.0 30.1+55 9.2+3.5
Control 5,046 2,349/2,697 46.4+8.8 - 255+40 5304
Ulm Case 944 525/419 58.5+10.4 56.1+10.3 27.6+4.1 6.8+25
Control 1,949 885/1,064 43.7+14.7 - 25.9+5.0 4.6+0.6
W2C/UKBS Case 654 397/252 55.4+8.1 513+7.7 32+6.3 n/a
Control 1,653 852/795 43.6+12.4 - 26+4.5 n/a

#Age/Phenotype at study entry, T2D present at study entry or detected during follow-up
"Number of samples with trait if >10% of trait values are missing
‘Median



y Table 3: DIAGRAM+ Stage 1 for this study (Genome-wide Meta-analysis results for SNPs of Interest)

Frequency Range | i o) o

for Risk Allele in P-value®
? * * 95%
Stage 1 studies  CenOtYPed (&) (N) (N) )

Position B36 Risk Nonrisk
(basepair) Allele®  Allele®

Cases  Controls or  Clltower  Cl(Upper r Between

Chr Nearby Gene'  Rationale for Inclusion in this Table

Pairs®

Loci already ished as genome wide significant based on previous reports
1 rs10923931 1 120,319,482 T G [0.091-0.135] iigiiigg 6.52x10° 8130 38987  1.138  1.068 1212 NOTCH2 DIAGRAM+ most significant association P-value N
,  rs11899863 2 43472323 c T [0.885-0.946] 1.04x10° 8130 38987 1169  1.091 1.252 THADA DIAGRAM+ most significant association P-value 0.786
157578597 2 43,586,327 T C  [0.881-0.944] 447x10° 8130 38987 1151 1076 1231 other previously reported lead SNP )
3 rs13081389 3 12,264,800 A G [0.902-0.952] iiiiii 201x107 8130 38987 1242 1145 1.349 PPARG DIAGRAM+ most significant association P-value 0536
151801282 3 12,368,125 c G [0.817-0.901] iigiiigg 8.01x10° 8130 38987  1.148  1.080 1.219 other previously reported lead SNP )
, 16795735 3 64,680,405 c T [0.546-0.649] geggigeg 835x10° 8130 38987  1.086  1.042 1131 ApamTs  DAGRAM: most significant association P-value 0.280
154607103 3 64,686,944 c T [0.706-0.814] iigiiigg 234x10" 8130 38987  1.096  1.044 1.150 other previously reported lead SNP )
5 51470579 3 187,01L,774 c A [0.277-0.333] geegigeg 217x10° 8130 38987 1139  1.091 1.188 IGF2BP2 DIAGRAM+ most significant association P-value B
6 1801214 4 6353923 T C  [0.545-0.644] iiiiii 3.16x10° 8130 38987 1128  1.080 1176 Wrs1 DIAGRAM+ most significant association P-value 0917
1510010131 4 6343816 G A [0.563-0.634] iiiiii 459x107 8130 38987 1110 1065 1.155 other previously reported lead SNP )
,  rs10440833 6 20,796,100 A T [0.229-0342] iiiiii 184x10% 8130 38987 1251  1.197 1307 cokaLt DIAGRAM+ most significant association P-value 0677
157754840 6 20,769,229 c G [0.293-0.373] iigiiigg 3.11x10™ 8130 38987 1185 1135 1.236 other previously reported lead SNP )
g 1849134 7 28,162,747 A G [0.492-0.534] ii 2.80x10° 8130 38987 1129  1.085 1175 AzZF1 DIAGRAM+ most significant association P-value 0.967
15864745 7 28,147,081 T C  [0.493-0.528] iigiiigg 2.06x10° 8130 38987 1121  1.077 1.165 other previously reported lead SNP )
g 3802177 8 118,254,206 G A [0.605-0.724] iiiiioi 145x10° 7697 37549 1149  1.095 1.206 s1c3048 DIAGRAM+ most significant association P-value 1000
1513266634 8 118,253,964 c T [0.604-0.724] ggigigli 152x10° 7697 37549 1149  1.095 1.206 other previously reported lead SNP )
1o 510965250 9 22123284 G A [0.816-0.855] iiiiii 123x10% 8130 38987 1198  1.134 1.266 CoKNza/s  DAGRAM+ most significant association P-value 0.950
1510811661 9 22,124,094 T C  [0.810-0.844] iigiiigg 145x10™ 8130 38987 1191  1.130 1.257 other previously reported lead SNP )
11 1512779790 10 12,368,016 G A [0.168-0.226] iiiiii 6.75x10" 8130 38987  1.092  1.038 1149 CDC123/CAMKID DIAGRAM+ most significant association P-value B
1, rs5015480 10 94,455,539 c T [0.526-0.624] iiggiigg 133x10™ 8130 38987 1181  1.133 1.230 HHEx/iDE  DYAGRAM+ most significant association P-value 1000
151111875 10 94,452,862 c T [0.526-0.626] geigegii 9.10x10™ 8130 38987 1172 1126 1221 other previously reported lead SNP )
13 rs7903146 10 114,748,339 T C  [0.179-0378] geigigii 221x10® 8130 38987 1398  1.339 1.459 TCF7L2 DIAGRAM+ most significant association P-value B
1g 5163184 11 2,803,645 G T [0.470-0.633] ggigi 6.82x10° 8130 38987  1.087  1.043 1132 Kenaz DIAGRAM+ most significant association P-value 0.064
152237892 11 2,796,327 c T [0.928-0.952] geigigii 0.0027 8130 38987 1141 1047 1.244 genome wide significant association in East Asians only )
15 rs5215 11 17,365,206 c T [0.351-0.461] geegigeg 160x10° 8130 38987  1.093  1.050 1.139 KCNJ11 DIAGRAM+ most significant association P-value B
16 rs4760790 12 69,921,061 A G [0.212-0.300] iiiiii 356x10° 8130 38987 1112 1.063 1.162 TspaNg/LGRs  P'AGRAM most significant association P-value 0.909
157961581 12 69,949,369 c T [0.200-0.292] iigiiigg 182x10° 8130 38987 1106  1.056 1.158 other previously reported lead SNP )
17 rsll642841 16 52,402,988 A C  [0.391-0.445] iiiiii 3.40x10° 8130 38987 1128  1.080 1176 10 DIAGRAM+ most significant association P-value 0.870
16 52,378,028 A T [0.373-0.420] iigiiigg 8.65x10° 8130 38987 1116  1.072 1.162 other previously reported lead SNP )
1g 154430796 17 33,172,153 G A [0.512-0.657) ii0giioo 152x10° 4751 33536 1139  1.080 1.201 HNF1B (TCFz)  PMAGRAMS most significant association P-value 0615
15757210 17 33,170,628 T C  [0.269-0382] ii0iii00 160x10" 4751 33536 1115  1.054 1179 other previously reported lead SNP )
Loci taken forward to replication but recent reports establish as genome wide significant
19 rs1387153 11 92,313,476 T C  [0.254-0316] geigigii 9.96x107 8130 38987 1122 1071 1175 wNRig  DVAGRAMs most significant association P-value 0.705
1510830963 11 92,348,358 G C  [0.275-0338] iiiiii 1.01x10° 8130 38987 1129  1.075 1.185 other previously reported lead SNP )
20 rs7578326 2 226,728,897 A G [0.622-0.679] iiigilii 872x107 8130 38987 1115  1.068 1.165 RSt DIAGRAM+ most significant association P-value 0.740
152943641 2 226,801,989 c T [0.615-0.657] geigigii 6.62x10° 8130 38987  1.087  1.043 1133 other previously reported lead SNP )
Genome wide significant associations reported for the first time here
21 rs243021 2 60,438,323 A G [0.442-0.488] geigigii 8.14x10° 8130 38987  1.094  1.052 1.139 BCL1IA DIAGRAM+ most significant association P-value N
22 rs4457053 5 76,460,705 G A [0.193-0.292] ii0ii 415x10® 7108 37912 1162 1102 1.226 ZBED3 DIAGRAM+ most significant association P-value N
23 rs972283 7 130,117,394 G A [0.443-0.557) iiiiii 182x10° 8130 38987 1104  1.060 1.150 KLF14 DIAGRAM+ most significant association P-value N
24 rs896854 8 96,029,687 T C  [0.472-0.539] geigigii 123x10° 8130 38987 1104  1.060 1.148 TP53INP1__ DIAGRAM+ most significant association P-value N
25 rs13292136 9 81,141,948 c T [0.859-0.944] iiiiii 149x10° 8130 38987 1200  1.114 1.292 CHCHD9. DIAGRAM+ most significant association P-value N
26 rs231362 11 2,648,047 G A [0.441-0.491] iiiiii 6.41x10° 8130 38987  1.110  1.060 1.161 [ DIAGRAM+ most significant association P-value -
27 rs1552224 11 72,110,746 A C  [0.759-0.872] geigigii 6.99x10° 8130 38987 1131  1.072 1194 CENTD2 DIAGRAM+ most significant association P-value N
28 rs1531343° 12 64,461,161 c G [0.065-0.120] iigiiigg 170x107 8130 38987 1201  1.121 1.285 HMGA2 DIAGRAM+ most significant association P-value N
29 rs7957197 12 119,945,069 T A [0.728-0.832] iiiiii 4.56x107 8130 38987 1136 1082 1.195 HNF1A DIAGRAM+ most significant association P-value N
30 rs11634397 15 78,219,277 G A [0.607-0.679] iiiiii 5.08x10° 8130 38987  1.107 _ 1.060 1157 ZFAND6 DIAGRAM+ most significant association P-value N
31 rs8042680 15 89,322,341 A C  [0.279-0351] geigigii 8.19x10° 8130 38987  1.102  1.056 1.150 PRC1 DIAGRAM+ most significant association P-value -
32 rs5945326 X 152,553,116 A G [0.723-0.801] ggigegii 233x10° 8130 38987 1246 1137 1.365 DUSP9 Proxy for DIAGRAM+ most significant association (rs3020789) _
Others taken to
156709268 2 3058146 A C  [0.111-0.255] iiiiii 8.61x10° 8130 38987  1.148  1.080 1.330 TSSC1 DIAGRAM+ most significant association P-value -
156442037 3 46,904,550 A G [0.641-0.689] 472x10° 8130 38987 1110 1061 1.160 PTHIR DIAGRAM+ most significant association P-value -
157674212 4 104,208,348 G T [0.558-0.608] 170x107 8130 38987 1114  1.070 1.161 NHEDC2 DIAGRAM+ most significant association P-value -
151048709 6 32,022,914 G A [0.734-0.870] iiiiii 596x10° 8130 38987  1.125  1.069 1.183 crB DIAGRAM+ most significant association P-value -
r52789681" 10 81,898,110 c G [0.068-0.120] iiiOiii 2.78x10° 7862 35277 1176 1.099 1.257 ANXA11 DIAGRAM+ most significant association P-value -
15960078 11 10,380,683 A T [0.976-0.988] 00g000gg 271x10° 3379 5451  1.846  1.429 2385 AMPD3 DIAGRAM+ most significant association P-value -
157118472 11 86,833,159 A G [0.059-0.078] gOigigii 6.15x10° 6665 15793  1.220  1.120 1.330 TMEM135 __DIAGRAM+ most significant association P-value -
152288232 12 27,836,125 A G [0.488-0.618] 3.92x10° 8130 38987 1112 1.063 1.163 KLHDC5 DIAGRAM+ most significant association P-value -
1517795982 14 24,602,523 T C _ [0.847-0.886] iiiii 172x10° 8130 38987 1155  1.088 1224 STXBPE DIAGRAM+ most significant association P-value -
158057749 16 77,015,972 c G [0.011-0.021] 0i0i00g0 936x10° 3076 29393  1.811  1.392 2354 wwox DIAGRAM+ most significant association P-value -

OR, odds ratio; Cl, confidence interval

* Proxy SNP rs2612067 was genotyped in METSIM, FUSION2 and HUNT Stage 2 samples ® Alleles are indexed to the forward strand of NCBI Build 36.

© Denotes type of assay for each study contributing to the result, either (i) for imputed, (g) for genotyped, or (0) for missing. Order of the list (left to right): DGDG, deCODE, DGI, Rotterdam, EUROSPAN, FUSION, KORAgen, and WTCCC.
4 All P-values reported are two-sided and based on an inverse-variance weighted meta-analysis model (fixed effects).

“Reduced sample numbers for HNF1B, AMPD3 and WWOX reflect the fact that these SNPs (or proxies thereof) were not represented on all arrays used for stage 1 GWAS and/or were poorly imputed

f Gene region named for nearest gene (except where there is a very strong positional candidate). £ 2 between SNPs is based on CEU HapMap data, release 22. " formerly rs7088994



Supplementary Table 4: Results of conditional analyses: potential secondary hits with association P-value<1x10™ within 1MB of index associations

Conditioning SNP Secondary signal

Frequency Risk r* with

Nearby Position B36 Nonrisk Allele Unadjusted Conditioning
Gene’ (basepair) Risk Allele® Allele® [HapMap CEU] OR (95% Cl) P-value®  Cases(N) Controls (N)  P-value r? with other SNP(s)

gosssa 8 Ipsapg 510106658 96,973,161 c A 0.167 1.11(1.06-1.70) 6.47x10° 8,130 38,987  3.80x10° 0.009 1.000 (rs10111313)
rs10111313 96,974,875 G 0.177 1.11(1.06-1.17) 6.62x10° 8130 38,987  3.37x10° 0.006 1.000 (rs10106654)
rs2891169 22,121,825 G A 0.42 1.14(1.08-1.21) 8.17x10° 6,397 12,083  6.15x10° 0.156 0.753 (rs10217762 ), 0.753 (rs10757282), 0.753 (rs10757283)

1006525 o coknzass "SI0217762 22,123,645 c T 0.491 1.17(1.10-1.25) 3.91x107 6,397 12,083  2.72x10" 0.276 0.753 (rs2891169), 1.000 (rs10757282), 1.000 (rs10757283)
rs10757282 22,123,984 c T 0.456 1.17(1.10-1.25) 4.00x107 6,397 12,083  3.14x10" 0.276 0.753 (rs2891169), 1.000 (rs10217762), 1.000 (rs10757283)
rs10757283 22,124,172 T c 0.455 1.17(1.10-1.24) 5.82x107 6,397 12,083 3.39x10" 0.276 0.753 (rs2891169), 1.000 (rs10217762), 1.000 (rs10757282)
rs7907142 94,575,536 T c 0.424 1.09(1.04-1.13) 7.76x10° 8,130 38,987 0.0013 0.000 1.000 (rs11187186), 1.000 (rs7916038), 0.006 (rs11596005)

5015430 10 HHExpe  'S11187186 94,576,008 c T 0.425 1.09(1.04-1.13) 8.03x10° 8130 38,987 0.0014 0.000 1.000 (rs7907142), 1.000 (rs7916038), 0.006 (rs11596005)
157916038 94,583,387 _ _ _ _ A . G _____ 0420 __ 1.09(104-113) 862x10° 8130 __ 38987 _ 00011 __ 0000 ____ 1 1.000 (rs7907142), 1.000 (rs11187186), 0.006 (rs11596005)
rs11596005 94,990,952 T c 0.915 1.17(1.08-1.27) 6.62x10° 8130 38,987 0.012 0.000 0.006 (rs7907142), 0.006 (rs11187186), 0.006 (rs7916038)

rs231362 11 KCNQ1  rs163184 2,803,645 G T 0.438 1.09(1.05-1.14) 3.73x10° 8130 38,987  6.82x10° 0.010

(<5215 1 conjzg | TS12802656 16,490,991 c A 0.473 1.09(1.04-1.13) 4.94x10° 8130 38,987 0.0013 0.014 0.967 (rs12799418)
rs12799418 16,497,625 T c 0.465 1.09(1.04-1.13) 4.24x10° 8130 38,987 0.0016 0.041 0.967 (rs12802656)

OR, odds ratio; Cl, confidence interval

? Gene region named for nearest gene (except where there is a very strong positional candidate).

® Alleles are indexed to the forward strand of NCBI Build 36.

© All P-values reported are two-sided and based on an inverse-variance weighted meta-analysis model (fixed effects)



Supplementary Table 5: T2D loci with published associations with other traits mapping within 500kb of the lead T2D SNP

DIAGRAM unadjusted P-
Distance DIAGRAM unadjusted P-  value at "Other SNP" after

Nearby Gene® T2D SNP Other SNP Other Trait Data set apart (kb) Reference value at "Other SNP" conditioning on T2D SNP

THADA (ABCG5/ABCGS) rs11899863 rs6544713 Plasma LDL CEU Kathiresan et al, NG, 2009
rs6756629 Cholesterol 0.002 0.045 CEU 446 Aulchenko et al, NG, 2009 0.61 0.46
rs11887534 Gallstones 0.002 0.045 CEU 447 Buch et al, NG, 2007 0.41 0.36
BCL11A rs243021 rs11886868 Fetal Hemoglobin Level 0.021 0.25 CEU 135 Uda et al, PNAS, 2008 0.30 0.72
rs1427407 F-cell Distribution 0.017 0.31 CEU 133 Menzel et al, NG, 2008 0.15 0.21
IRS1 rs7578326 rs2943634 Coronary disease 0.93 0.96 CEU 47 Samani et al. NEJM , 2007 2.7x10° 0.98
ZBED3 rs4457053 rs4704397 Thyroid function 0.034 0.31 CEU 93 (Arnaud-Lopez et al, AJHG, 2008) 0.096 0.053
CDKAL1 rs10440833 rs6908425 Crohn's 0.055 1.00 CEU 41 Barrrett et al, NG, 2008 45 %104 0.57
rs6908425 Psoriasis 0.055 1.00 CEU 41 Quaranta et al, Genes Immun., 2009 0.57
JAZF1 rs849134 rs10486567 Prostate Cancer 0.025 0.29 CEU 220 (Thomas et al, NG, 2008) 5.7x10" 0.49
rs1635852 Stature 1.00 1.00 CEU 7 Johansson et al, HMG, 2009 3.1x10° (0.29)°
rs849141 Skeletal Frame Size 0.37 1.00 CEU 11 Soranzo et al, PLoS Genet, 2009 0.016 NA
KLF14 rs972283 rs157935 Basal cell carcinoma 0.019 0.19 CEU 119 (Stacey et al, NG, 2009) 0.94 (0.23)°
CDKN2A/B rs10965250 rs1333049 CAD 0 0.016 CEU 8 Samani et al. NEJM , 2007 0.052 0.096
rs10757274 CAD NA NA CEU 37 McPherson et al, Science, 2007 NA NA
rs10757278 CAD 0 0.016 CEU 9 Helgadottir et al, Science, 2007 0.052 0.096
rs10757278 Aortic Aneurysm 0 0.016 CEU 9 Helgadottir et al, NG, 2008 0.052 0.096
rs7023329 Melanoma 0.003 0.12 CEU 317 Bishop et al, NG, 2009 0.077 0.69
rs2151280 Basal cell carcinoma 0 0.018 CEU 99 (Stacey et al, NG, 2009) 0.0045 0.064
rs1333040 Intracranial aneurysm 0.023 0.38 CEU 50 Bilguvar et al, NG, 2008 0.15 0.28
rs4977574 Early onset Ml 0 0 CEU 35 Kathiresan et al, NG, 2009 0.095 0.60
rs4636294 Cutaneous nevi 0.003 0.091 CEU 39 Falchi et al, NG, 2009 1.00 0.55
rs4977756 Glioma (Brain Cancer) 0.001 0.051 CEU 65 Shete et al, NG, 2009 1.3x10" 0.013
CHCHD9 (TLE4) rs13292136 rs2378383 Asthma 0.16 0.57 Spanish/Mexican 87 Hancock et al, PLoS Genet, 2009 0.029 0.62
rs2151145 Menopause (age at onset) 0.005 0.11 CEU 394 Stolk et al, NG, 2009 0.22 0.64
KCNQ1 rs231362 rs2074238 QT interval 0.006 0.34 CEU 207 Newton-Cheh et al, NG, 2009 NA NA
rs12576239 QT interval 0.007 0.21 CEU 189 Newton-Cheh et al, NG, 2009 NA 0.78
rs12296050 QT interval 0.014 0.24 CEU 202 Pfeufer et al, NG, 2009 0.94 0.83
rs757092 QT interval 0.012 0.15 CEU 192 (Pfeufer et al, Circulation Research, 2005) 0.20 0.23
rs16928809 Serum bilirubin levels 0.003 0.16 CEU 245 Johnson et al, HMG, 2009 0.18 0.06
rs7111341 T1D 0.002 0.068 CEU 478 Barrett et al, NG, 2009 0.59 0.57
KCNJ11 rs5215 rs11024074 Diastolic blood pressure 0.002 0.073 CEU 491 Levy et al. NG, 2009 0.91 0.83
HMGA2 rs1531343° rs4026608 Aortic Root Size 0.002 0.15 CEU 220 Vasan et al, JAMA, 2009 0.13 0.50
rs8756 Skeletal Frame Size 0.002 0.12 CEU 185 Soranzo et al, PLoS Genet, 2009 0.16 0.83
rs1042725 Stature 0 0.016 CEU 183 Weedon et al, NG, 2007 0.13 0.87
HNF1A rs7957197 rs1169310 CRP 0.11 1.00 CEU 21 Reiner et al, AJHG, 2008 0.019 0.84
rs7310409 CRP 0.12 1.00 CEU 36 Ridker et al, AJHG, 2008 0.0049 0.21
rs1169313 Liver enzymes 0.11 1.00 CEU 18 Yuan et al, AJHG, 2008 0.016 0.85
rs1183910 CAD, CRP 0.073 1.00 CEU 40 Elliott et al, JAMA, 2009 0.0061 0.20
rs2259816 CAD 0.11 1.00 CEU 25 Erdmann et al, NG, 2009 0.019 0.37
rs2650000 Plasma LDL 0.05 0.82 CEU 72 Kathiresan et al, NG, 2009 0.0033 0.088
PRC1 rs8042680 rs2677744 ADHD 0.36 0.73 CEU 71 Lesch et al. J Neural Transm, 2008 0.0034 0.37
HNF1B rs4430796 rs7501939 Prostate Cancer 0.766 1.00 CEU 3 Gudmundsson et al, NG, 2007 1.4x10° 0.92

? Gene region named for nearest gene (except where there is a very strong positional candidate).

®Based on available sample size below the 17,000 cut off used elsewhere

€ Proxy SNP rs2612067 was genotyped in METSIM, FUSION2 and HUNT Stage 2 samples

Rows highlighted in grey are those for which the T2D and "other disease" SNPs show strong correlations (R2>0.5) and which are likely to reflect the same causal locus

Other disease hits which involve closely related phenotypes on the same causal pathway (eg diabetes and BMI for FTO, diabetes and fasting glucose for MTNR1B are not listed).

Those references in parentheses are not cited in the NHGRI catalog, and were therefore not included in simulations designed to evaluate the significance of co-localisation (see METHODS)
The full list of references for this table is provided in the Supplementary Note



Supplementary Table 6: Results of conditional analyses: genome wide signals at P-value<1x10°

Lowest Unconditional P-value if another
Conditional Analysis Unconditional Analysis Proxy SNP'

Frequency Risk P-value in
Position B36 Nonrisk  Allele [Hapmap  Nearby Position B36  Unconditional
(basepair) Risk Allele’  Allele’ CEU] Gene® OR (95% Cl) P-value" Cases (N) Controls (N) SNP (basepair) Analysish
67,301,831 SLC35D1 1.11 (1.06-1.16) 5.48x 10° 7.58x 10"

rs2207720°
rs2815137°

7,964,196
7,981,949

0.50 1.11(1.06-1.15) 7.88x 10~
1.10(1.06-1.15) 5.21x10°

rs7129859" 11 126,295,515 T c 0.81 3.22x10° 8, ,
__rs669765" 11126363371 . T ¢ _____ 080 ____________113(107:1.18) 592x10° 7697 37549 _______oow ____ T __ T T L T .
_ 1512580303 12 44468076 _ ____ A______ 6 _____. 022 ____ARDZ_ __113(1.07-1.18) 453x10° 8130 _ 39897 ______©Qe€010_ ________________fone __________
__ts7297141 12 73313748 . T A ______ 012 _____NA____117(0.091.26) 975x10° 8130 _ 39897 ______ 00026 ____ _rs17181816 73,271,259 = _0.0018 _
_ _1s9565546 13 __ 79608955 _ ____ A______ T 073 ____SPRY2 _ 111(1.06-1.16) 299x10° 8130 _ 39897 _____ 453x107 ____rs1359790  79,615157 = 2.67x10° _
__1s8020602 14 98099065 _ ____ T c 074 __ _CHoff177 112(0.07-1.17) 208x10°_ 8130 _ 39897 ______ 00030 _ ____ rs8005287 98,002,855 __0.0029 _
rs275746 15 37,942,230 c G 0.07 GPR176  1.25(1.15-1.37) 3.72x107 8,130 39,897

OR, odds ratio; Cl, confidence interval

Minimum effective sample size for inclusion in these analysis is 15000

? Recently confirmed as novel T2D gene in Dupuis et al, Nature Genetics 2010

bAlready followed-up in Stage 2 but did not replicate

“rs2207720 and rs2815137 have r’=0.431

4157129859 and rs669765 have r’=0.364

®rs11766085 has merged with rs9986837

f Alleles are indexed to the forward strand of NCBI Build 36.

€ Gene region named for nearest gene.

" All P-values reported are two-sided and based on an inverse-variance weighted meta-analysis model (fixed effects)

'These columns indicate whether there is a nearby SNP that generated a stronger association P-value in the original unconditioned analysis than the lead regional SNP emerging from the conditional analysis





