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Identifying the genetic variants that increase the risk of type 2 diabetes (T2D) in humans has
been a formidable challenge. Adopting a genome-wide association strategy, we genotyped 1161
Finnish T2D cases and 1174 Finnish normal glucose-tolerant (NGT) controls with >315,000
single-nucleotide polymorphisms (SNPs) and imputed genotypes for an additional >2 million
autosomal SNPs. We carried out association analysis with these SNPs to identify genetic variants
that predispose to T2D, compared our T2D association results with the results of two similar studies,
and genotyped 80 SNPs in an additional 1215 Finnish T2D cases and 1258 Finnish NGT controls.
We identify T2D-associated variants in an intergenic region of chromosome 11p12, contribute

to the identification of T2D-associated variants near the genes /GF2BP2 and CDKAL1 and the
region of CDKN2A and CDKNZ2B, and confirm that variants near TCF7L2, SLC30A8, HHEX, FTO,
PPARG, and KCNJ11 are associated with T2D risk. This brings the number of T2D loci now confidently

identified to at least 10.

terized by insulin resistance and impaired

pancreatic beta-cell function that affects
>170 million people worldwide (). With first-
degree relatives having ~3.5 times as much risk
as compared to individuals in the general middle-
aged population (2), hereditary factors, together
with lifestyle and behavioral factors, play an
important role in determining T2D risk (3). To
date, intense efforts to identify genetic risk factors
in T2D have met with only limited success. This
study, reports from our collaborators (4-6), and
the recently published work of Sladek ez al. (7)
describe results of genome-wide association

Type 2 diabetes (T2D) is a disease charac-
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(GWA) studies that further define the genetic
architecture of T2D and identify biological path-
ways involved in T2D pathogenesis.

We genotyped 1161 Finnish T2D cases and
1174 Finnish NGT controls on 317,503 SNPs on
the [llumina HumanHap300 BeadChip in stage
1 of a two-stage GWA study of T2D (8). These
samples are from the Finland—United States In-
vestigation of Non-Insulin-Dependent Diabetes
Mellitus Genetics (FUSION) (9, 10) and Finrisk
2002 (11) studies (tables S1 and S2A). Among the
317,503 GWA SNPs, 315,635 had >10 copies of
the less common allele [minor allele frequency
(MAF) > 0.002] and passed quality-control crite-

ria (8). We tested these 315,635 SNPs for asso-
ciation with T2D using a model that is additive on
the log-odds scale (Table 1 and tables S3 and S4)
(8). We observed a modest excess (41 observed
versus 31.6 expected; P=0.19) of SNPs with
P values < 10™* (fig. SI). These results argue
against the existence of multiple common SNPs
with a large impact on T2D disease risk but are
consistent with the presence of multiple common
SNPs that each confer modest risk. The results
also suggest that the matching of cases and con-
trols by birth province, sex, and age (&) has been
successful; in support of this conclusion, the
genomic control (/2) correction value is 1.026.
Analysis of our [llumina HumanHap300 data
allowed us to query much of the known SNP
variation in the genome. To increase this pro-
portion, we developed an imputation method
(8, 13) that uses genotype data and linkage dis-
equilibrium (LD) information from the HapMap
Centre d’Etude du Polymorphisme Humain
(Utah residents with ancestry from northern and

IDepartment of Biostatistics and Center for Statistical
Genetics, University of Michigan, Ann Arbor, MI 48109,
USA. “Department of Genetics, University of North
Carolina, Chapel Hill, NC 27599, USA. >Genome Technol-
ogy Branch, National Human Genome Research Institute,
Bethesda, MD 20892, USA. 4Department of Mathematics
and Statistics, Calvin College, Grand Rapids, MI 49546,
USA. °Center for Inherited Disease Research (CIDR),
Institute of Genetic Medicine, Johns Hopkins School of
Medicine, Baltimore, MD 21224, USA. 6Savitaipale Health
Center, 54800 Savitaipale, Finland. Division of Endocri-
nology, Keck School of Medicine, University of Southern
California, Los Angeles, CA 90033, USA. 8Department of
Preventive Medicine, Keck School of Medicine, University
of Southern California, Los Angeles, CA 90089, USA.
“Department of Physiology and Biophysics, Keck School of
Medicine, University of Southern California, Los Angeles,
CA 90033, USA. '®Diabetes Unit, Department of Epide-
miology and Health Promotion, National Public Health
Institute, 00300 Helsinki, Finland. 11Department of Public
Health, University of Helsinki, 00014 Helsinki, Finland.
125outh Ostrobothnia Central Hospital, 60220 Seinajoki,
Finland.

*To whom correspondence should be addressed. E-mail:
boehnke@umich.edu (M.B.); francisc@mail.nih.gov (F.S.C.)

1 JUNE 2007

Downloaded from www.sciencemag.org on July 9, 2007

1341


http://www.sciencemag.org

vel

Bio-Bewoduspsmmm  FINIIDS  9LE TOA  £00Z ANNC L

Table 1. Confirmed T2D susceptibility loci based on all available data from the FUSION, DGI, and WTCCC/UKT2D samples.

FUSION

Stage 1 + 2 FUSION-DGI- Total
Risk control WTCCC/UKT2D sample
allele / risk FUSION stage 1 FUSION stage 2 FUSION stage 1 + 2 DGI All Data WTCCC/UKT2D All Data All Data size for
Position nonrisk  allele OR OR OR OR OR OR 80%
FUSION Chr (bp) Genes  allele freq. (95% CI) P (95% CI) P (95% CI) P (95% CI) P (95% CI) P (95% CI) P power**
New T2D Loci
1.28 1.08 1.18 1.17 1.11 1.14
rs4402960 3 186,994,389 IGF2BP2  T/G 0.30 (1.13-1.45) 1.2x10™* (0.96-1.22) 0.22 (1.08-1.28) 2.1x10™* (1.11-1.23) 1.7x107° (1.05-1.16) 1.6x10~* (1.11-1.18) 8.9x107** ~4300
1.16 1.08 1.12 1.08 1.16 1.12

rs7754840° 6 20,769,229 CDKALI (/G 0.36 (1.02-1.30) 0.021 (0.96-1.22) 0.20 (1.03-1.22) 0.0095 (1.03-1.14) 2.4x10° (1.10-1.22) 1.3x10™® (1.08-1.16) 4.1x107** ~5300

1.17 1.22 1.20 1.20 1.19 1.20

rs10811661 9 22,124,094 CDKN2A/B  TIC 0.85  (0.98-1.39) 0.082 (1.04-1.44) 0.015 (1.07-1.36) 0.0022 (1.12-1.28) 5.4x10~% (1.11-1.28) 4.9x107 (1.14-1.25) 7.8x107*> ~3900
1.52 1.45 1.48 1.16" 1.13% 1.25

rs9300039T 11 41,871,942 C/A 0.89  (1.24-1.87) 6.0x10™° (1.19-1.77) 2.7x10™* (1.28-1.71) 5.7x107° (0.95-1.42)  0.12  (0.99-1.29) 0.068  (1.15-1.37) 4.3x10~7 ~3400
1.03 1.18 1.11 1.037 1.23 1.17

rs8050136 16 52,373,776 FTO A/C 0.38 (0.92-1.16) 0.58 (1.05-1.33) 0.0063 (1.02-1.20) 0.016 (0.91-1.17) 0.25 (1.18-1.32) 7.3x107™* (1.12-1.22) 1.3x107** ~2700

Previously published T2D association
1.30 1.08 1.20 1.09 1.23* 1.14
rs1801282 3 12,368,125 PPARG (@]¢] 0.82 (1.11-1.53) 0.0011 (0.93-1.26) 0.33  (1.07-1.33) 0.0014 (1.01-1.16) 0.019 (1.09-1.41) 0.0013 (1.08-1.20) 1.7x10° ~6400

1.22 1.14 1.18 1.07 1.12 1.12
rs13266634 8 118,253,964 SLC30A8 CT 0.61 (1.08-1.38) 0.0010 (1.02-1.28) 0.026 (1.09-1.29) 7.0x10™> (1.0-1.16)  0.047 (1.05-1.18) 7.0x10™° (1.07-1.16) 5.3x10°® ~5100

1.13 1.06 1.10 1.14 1.13 1.13
rs1111875% 10 94,452,862  HHEX T 0.52 (1.01-1.27) 0.039 (0.94-1.19) 034 (1.01-1.19) 0.026 (1.06-1.22) 1.7x10™* (1.07-1.19) 4.6x107° (1.09-1.17) 5.7x107*° ~4200

1.39 1.30 1.34 1.38 1.37* 1.37
rs7903146° 10 114,748,339 TCF7L2  T/C 0.18  (1.20-1.61) 1.2x107° (1.12—1.50) 3.5x107* (1.21-1.49) 1.3x107® (1.31-1.46) 2.3x107>" (1.25-1.49) 6.7x107* (1.31-1.43) 1.0x10™*® ~1000
1.20 1.04 1.11 1.15 1.15% 1.14
rs5219" 11 17,366,148 KCNj11  T/C 0.46  (1.07-1.36) 0.0022 (0.92-1.16) 0.55 (1.02-1.21) 0.013 (1.09-1.21) 1.0x10~7 (1.05-1.25) 0.0013 (1.10-1.19) 6.7x107** ~3700
Total sample size 2,335 2,473 4,808 13,781 13,965 32,544
Number of cases/controls 1,161/1,174 1,215/1,258 2,376/2,432 6,529/7,252 5,681/8,284 14,586/17,968

*rs10946398 WTCCC/UKT2D (r? = 1). tMultimarker tag for rs9300039 DGI and rs1514823 WTCCC/UKT2D (© = 0.965). $rs5015480 WTCCC GWA only (® = 1). 8rs7901695 WTCCC/UKT2D (2 = 0.849). lIrs5215 WTCCC/UKT2D (=
0.995). 9IDGI GWA samples. #WTCCC GWA samples. **Approximate total sample size for 80% power to detect T2D SNP association at significance level 0.05 is based on the FUSION control risk allele frequency and the risk ratio calculated from
FUSION-DGI-WTCCC/UKT2D all-data analyses, assuming 0.10 T2D prevalence. The sample sizes vary slightly from those of (4) because study-specific allele frequencies were used in the calculations.
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western Europe) (CEU) samples to predict
genotypes of autosomal SNPs not genotyped in
our subjects. A total of 2.09 million HapMap
CEU SNPs (/4) had imputed MAF >1% in
FUSION and passed our imputation quality-
control criteria. In the HapMap CEU sample,
imputed SNPs passing these criteria increased
coverage of SNPs with MAF >1% from 71.9 to
89.1% at an 7 threshold of 0.8.

To increase the statistical power to detect T2D
predisposing variants, we compared our stage
1 results to GWA results from the Diabetes
Genetics Initiative (DGI) and the Wellcome Trust
Case Control Consortium (WTCCC). We
selected 82 SNPs for FUSION stage 2 follow-
up genotyping based on evidence from: (i)
FUSION-genotyped and FUSION-imputed
SNPs; (ii) a combined analysis of GWA results
from FUSION, DGI, and WTCCC; and (iii)
previous T2D association results. For (i) and (ii),
we used a prioritization algorithm that advan-
taged SNPs based on genome annotation (&)
(table S7) and gave preference to genotyped
SNPs over nearby imputed SNPs. We success-
fully genotyped 80 of the 82 SNPs in our stage 2
sample of 1215 Finnish T2D cases and 1258

Finnish NGT controls (8) (table S2B) and carried
out joint analysis of the combined FUSION
stage 1 + 2 sample (table S5). DGI (4) and
United Kingdom T2D Genetics Consortium
(UKT2D) (5) investigators also followed up
DGI and WTCCC GWAs by genotyping rep-
lication samples.

We confirmed well-established T2D asso-
ciations with TCF7L2, PPARG, and KCNJ1I
(Table 1) (15-18). SNPs in TCF7L2 reached
genome-wide significance in the FUSION stage
1 + 2 sample [odds ratio (OR) = 1.34, P=1.3 x
10 %] and in the FUSION-DGI-WTCCC/
UKT2D “all-data” (i.e., all GWA and follow-up
samples) meta-analysis (OR =1.37, P=1.0 x
10*%) (Table 1 and table S5). PPARG Pro'>—Ala'?
(rs1801282) and KCNJII Glu™—Lys> (1s5219)
were not genotyped in the FUSION GWA, but
nearby SNPs showed some evidence for T2D
association, as did the imputed genotypes for the
coding variants. All-data meta-analysis resulted
in genome-wide significant T2D association
with KCNJII Glu**—Lys* (OR = 1.14, P =
6.7 x 10°'") and strong evidence for PPARG
Pro'>—>Ala'? (OR = 1.14, P= 1.7 x 10 ®). The
PPARG and KCNJI1 results emphasize the value

REPORTS I

of combining data across studies and suggest that
other T2D-associated loci remain to be found.

The combined samples from the three studies
provide evidence for seven additional T2D loci.
For the first three of these loci, we had strong
evidence in the FUSION stage 1 GWA data and,
for the latter four, our FUSION stage 1 evidence
was more modest.

A cluster of variants in the /GF2BP2 (insulin-
like growth factor 2 mRNA binding protein 2)
region was associated with T2D in our stage
1 sample (e.g., rs1470579 with OR = 1.27, P =
1.6 x 10~ (Fig. 1A). The all-data meta-analysis
for rs4402960 resulted in genome-wide signifi-
cance (OR =1.14, P=8.9 x 10"'°). Including the
rs4402960 genotype as a covariate essentially
eliminates evidence for T2D association for other
variants in the cluster (Fig. 1A), which is
consistent with all SNPs representing the same
T2D-predisposing variant(s). IGF2BP2 is a
paralog of IGF2BP1, which binds to the 5'
untranslated region of the insulin-like growth
factor 2 (/IGF2) mRNA and regulates IGF2
translation (/9). IGF2 is a member of the insulin
family of polypeptide growth factors involved in
the development, growth, and stimulation of

I
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Fig. 1. Plots of T2D association and LD in FUSION stage 1 samples for
regions surrounding /GF2BP2 (A) and rs9300039 (B). (A) and (B) each contain
six panels. The top panels display RefSeq genes; there are none in the
rs9300039 region. The second panels (i.e., directly below the top panels) show
the T2D association —log,o P values in FUSION stage 1 samples for SNPs
genotyped in the GWA panel (closed blue circles) or imputed (open blue
circles). The third panels show T2D association —log,q P values for each SNP in
a logistic regression model correcting for the reference SNP [indicated by the
red circle for rs4402960 in (A) and for rs9300039 in (B)]. SNP rs7480010,
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reported by Sladek et al. (7), is also labeled in the rs9300039 plot (B) (green
circle). A decrease in the —log;o P value from the second to the third panels
indicates that the association signal of the tested SNPs can be explained, at
least in part, by the reference SNP. In both regions, the reference SNP was
chosen for convenience; the choice of another strongly associated SNP nearby
would have resulted in a similar picture. The fourth panels show recombination
rate in centimorgans per megabase for the HapMap CEU sample (14). The fifth
and sixth panels show LD /2 and D' based on FUSION stage 1—genotyped and
FUSION stage 1—imputed data.
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insulin action. The most strongly associated
IGF2BP2 SNPs are located in a 50-kb region
within intron 2 (Fig. 1A); diabetes-predisposing
variants may therefore affect regulation of
IGF2BP2 expression.

SNP 1513266634, a nonsynonymous
Arg*®—Tip*® variant in the pancreatic beta-
cell-specific zinc transporter SLC3048 (20),
showed (through our annotation-based algorithm)
evidence for T2D association in stage 1 (Table 1
and fig. S2). Modest evidence in stage 2 resulted
in stronger evidence in our stage 1 + 2 sample
(OR =1.18, P=7.0 x 107°) (Table 1 and table
S5). Subsequent DGI and UKT2D genotyping
resulted in strong evidence in the combined sam-
ples (OR =1.12, P=5.3 x 10™®). Sladek et al. (7)
recently reported independent T2D association
evidence with the same allele in two French
samples (P = 1.8 x 107 and P = 5.0 x 107).
SLC30A8 transports zinc from the cytoplasm
into insulin secretory vesicles (20, 21), where
insulin is stored as a hexamer bound with two
Zn*" ions before secretion (22). Variation in
SLC30A48 may affect zinc accumulation in insulin
granules, affecting insulin stability, storage, or
secretion. In high-glucose conditions, overex-
pression of SLC30A48 in insulinoma (INS-1E)

25.0
225
20.0
17.5

15.

o

12,

o

-
<
o

P
[4]

o
(=]

Land
]

MHHHH “l”

Lowest Highest
Interval of predicted T2D risk

Percent of individuals in each interval with T2D

o

Fig. 2. Prediction of T2D risk in the FUSION sample
with the use of 10 T2D susceptibility variants. T2D
cases and NGT controls with complete genotype data
were included in the analysis. To obtain a sample with
a T2D prevalence of ~10%, we included nine copies
of each of 2176 NGT controls and one copy of each of
2102 T2D cases. The predicted risk for each in-
dividual was estimated from a logistic regression
model containing the 10 risk variants listed in Table
1. The proportion of T2D cases is shown for 20 equal
intervals of predicted T2D risk. We constructed 95%
confidence intervals (Cls) for the proportion of T2D
cases in each interval using the original sample of
2102 cases and 2176 controls. The constructed sam-
ple T2D prevalence (0.096) is shown as a horizontal
line. The proportion of T2D cases increases from
~5% in the lowest to 20% in the highest predicted
risk categories.

cells enhanced glucose-induced insulin secretion
1.

SNP 159300039 in an intergenic region on
chromosome 11 showed evidence for T2D asso-
ciation in stage 1 (Table 1 and Fig. 1B); geno-
typing our stage 2 sample resulted in near
genome-wide significance in our stage 1 + 2
sample (OR = 1.48, P=5.7 x 10~®) (Table 1 and
tables S3 and S5). In the WTCCC and DGI
scans, the nearby SNP 1s1514823 (+* = 0.97 with
r$9300039) provided weak evidence for T2D
association with the appropriate allele; com-
bining results across all three studies gave OR =
1.25 and P=4.3 x 10", Fifty-six imputed SNPs
and two more genotyped SNPs spanning 219 kb
are in LD with 19300039 and show substantial
evidence for T2D association (P < 10™*) in our
stage 1 sample (table S3 and Fig. 1B). Including
the genotype for rs9300039 as a covariate es-
sentially eliminates evidence for T2D association
with the remaining SNPs (Fig. 1B). This region
includes three sets of spliced Expressed
Sequence Tags but no annotated genes. The
identification of a T2D-associated variant >1 Mb
from the nearest annotated gene highlights the
value of a genome-wide approach. Sladek ez al.
(7) reported strongly associated SNPs in two
nearby regions on chromosome 11. SNP
157480010 near hypothetical gene LOC387761
is 331 kb centromeric to rs9300039. LD between
rs9300039 and rs7480010 is essentially zero
(* = 0.00063 and D' = 0.036), and rs7480010
showed little evidence for association in our stage
1+ 2 sample (OR =1.03, P=0.54). Sladek et al.
(7) also reported T2D association with three
intronic variants of EXT2, located ~2.4 Mb
centromeric of 1s9300039; we found no evidence
for association with EX72 SNPs.

SNP 154712523, located within intron 5 of
CDKALI, showed modest evidence for T2D as-
sociation in our FUSION stage 1 sample, which
strengthened slightly in our combined stage 1 +2
sample (OR = 1.12, P = 0.0073) (table S5).
Nearby SNPs in strong LD with rs4712523
including rs7754840 showed modest evidence
for T2D association in the DGI scan and
considerably stronger evidence in the WTCCC
scan. Including strong DGI and UKT2D repli-
cation data resulted in genome-wide significance
(OR =1.12, P=4.1 x 10" for 1s7754840) in the
all-data meta-analysis (Table 1). CDKALI [cyclin-
dependent kinase 5 (CDKS) regulatory subunit
associated protein—1-like 1] shares protein do-
main similarity with CDKS5 regulatory subunit—
associated protein 1 (CDK5RAP1), which spe-
cifically inhibits activation of CDK5 by CDKS
regulatory subunit 1 (CDKS5R1) (23). Using
quantitative reverse transcription polymerase
chain reaction analysis of a panel of RNA
samples from human tissues and cells, we
detected the highest expression of CDKALI in
skeletal muscle and brain cells, as well as in 293T
and HepG2 cells (fig. S3A). The associated SNPs
within intron 5, or SNPs in LD with them, may
regulate expression of CDKALT1 and so affect the

expression of CDKS5. CDKS and CDK5R1 ac-
tivity is influenced by glucose and may influence
beta-cell processes (24, 25); overactivity of
CDKS in the pancreas may lead to beta-cell de-
generation, especially under glucotoxic condi-
tions (26).

SNP 1510811661 near cyclin-dependent ki-
nase inhibitors CDKN2A4 and CDKN2B showed
modest evidence for T2D association in our
stage 1 + 2 sample (OR = 1.20, P = 0.0022)
(Table 1 and table S5) and showed genome-wide
significance in the all-data meta-analysis (OR =
1.20, P = 7.8 x 107"). SNP rs10811661 is
located upstream of CDKN2A4 and CDKN2B,
may have a long-range effect on one of these
genes, or may influence a gene not yet an-
notated. CDKN2A and CDKN2B inhibit the
activity of CDK4 and CDK6. In mice, Cdk4
activity has been shown to influence beta-cell
proliferation and mass, with loss of Cdk4
leading to diabetes (27, 28). We find CDKN2A4
to be expressed at high levels in islets,
adipocytes, brain, and pancreas and at even
higher levels in 293T, HeLa, and HepG2 cells
(fig. S3B); CDKN2B is expressed in islets and
adipocytes and, to a lesser degree, in small intes-
tine, colon, 293T, and HepG2 cells (fig. S3C).
CDKN24 and CDKN2B are also tumor suppres-
sor genes and may play a role in aging (29).

SNPs rs1111875 and rs7923837 showed mod-
est evidence of T2D association in the FUSION
and DGI scans, much stronger evidence in the
WTCCC scan, and genome-wide significant evi-
dence (OR=1.13, P=5.7x 10 " forrs1111875)
in the all-data meta-analysis. These SNPs are in
LD (> =0.70) in a region that includes HHEX
(hematopoietically expressed homeobox),
which is critical for development of the ventral
pancreas (30), the insulin-degrading enzyme
gene IDE, and the kinesin-interacting factor 11
gene KIF'11. Sladek et al. (7) recently reported
independent genome-wide significant evidence
for T2D association with these SNPs.

The WTCCC/UKT2D groups identified evi-
dence for T2D and body mass index (BMI)
associations with a set of SNPs including
158050136 in the /70 region; the T2D associa-
tion appears to be mediated through a primary
effect on adiposity (5, 6, 37). We observed
modest evidence for association with T2D in
the combined FUSION stage 1 + 2 sample (OR =
1.11, P=0.016) (Table 1 and table S5).

T2D can be a component of a larger syn-
drome of metabolic abnormalities, and we were
interested to assess the effects of T2D-related
traits on our association results. We repeated our
T2D association analysis for the 10 SNPs in
Table 1 with one of several variables included as
an additional covariate. Adjustment for BMI
strengthened T2D association with 7CF7L2 and
SLC30A48, weakened association with rs9300039
and FTO, and had little effect on the other loci.
The effect of waist circumference was similar to
that of BMI; blood pressure variables had
essentially no effect.
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We previously carried out T2D linkage anal-
ysis in the families of many of our stage 1 cases
(10). None of the 10 loci in Table 1 had large
T2D logarithm of the odds (LOD) scores,
although those for 70 and TCF7L2 were 0.63
and 0.60 and so were nominally significant.
LOD scores for six of the 10 loci were greater
than 0.2, as compared to 2.2 that would be
expected for random genome locations. This
suggests enrichment for T2D-associated loci in
regions with modest evidence of T2D linkage
(P = 0.01) but that the power of the linkage
approach was insufficient to distinguish these
signals from background noise.

The ability to construct a list of ten robust
and replicated T2D-associated loci (Table 1)
represents a landmark in efforts to identify ge-
netic variants that predispose to complex human
diseases, although the specific predisposing var-
iants and even the relevant genes remain to be
defined. We examined the combined risk of T2D
based on these 10 loci in our stage 1 + 2 sample
by constructing a logistic regression model and
predicting T2D risk for each person (&). We found
a fourfold variation in T2D risk from the lowest to
highest predicted risk groups, which is of potential
interest for a personalized preventive-medicine
program (Fig. 2). However, these predictions from
our data may be biased as compared to predictions
based on the general population, likely owing to
the overestimation of ORs due to the “winner’s
curse,” enrichment for familial T2D cases, and
exclusion of individuals with impaired glucose
tolerance or impaired fasting glucose.

Thirty years ago, James V. Neel labeled T2D
as “the geneticist’s nightmare” (32), predicting
that the discovery of genetic factors in T2D
would be thoroughly challenging. Until recently,
his prediction has proven true. Although large
samples and collaboration among three groups
were required, we can confidently state that new
diabetes risk factors have been identified. Each
gene discovery points to a pathway that contrib-
utes to pathogenesis, and all of these proteins and
their relevant pathways represent potential drug
targets for the prevention or treatment of diabetes.
Based on the number of other interesting results
observed in these studies, it is likely that there
are additional T2D-predisposing loci to be found.
Even though much remains to be done, we are at
last awakening from Jim Neel’s nightmare.
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Complex | Binding by a Virally
Encoded RNA Regulates

Mitochondria-Induced Cell Death
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Human cytomegalovirus infection perturbs multiple cellular processes that could promote the
release of proapoptotic stimuli. Consequently, it encodes mechanisms to prevent cell death during
infection. Using rotenone, a potent inhibitor of the mitochondrial enzyme complex I (reduced
nicotinamide adenine dinucleotide— ubiquinone oxido-reductase), we found that human
cytomegalovirus infection protected cells from rotenone-induced apoptosis, a protection mediated
by a 2.7-kilobase virally encoded RNA (32.7). During infection, B2.7 RNA interacted with complex |
and prevented the relocalization of the essential subunit genes associated with retinoid/interferon—
induced mortality—19, in response to apoptotic stimuli. This interaction, which is important for
stabilizing the mitochondrial membrane potential, resulted in continued adenosine triphosphate
production, which is critical for the successful completion of the virus’ life cycle. Complex |
targeting by a viral RNA represents a refined strategy to modulate the metabolic viability of the

infected host cell.

uring primary infection or reactivation of
Dhuman cytomegalovirus (HCMV), espe-

cially in the immunocompromised, the
virus is able to replicate in a number of cell types,
often resulting in life-threatening disease (/).
HCMYV exhibits a relatively protracted life cycle
(upwards of 5 days) and at early times of in-
fection (12 to 24 hours) encodes a highly abun-
dant 2.7-kb RNA transcript (B2.7), accounting
for >20% of total viral gene transcription (2, 3)
of unknown function. The RNA may be asso-
ciated with mitochondria (4), and no protein
product of this RNA has ever been detected in

infected cells (3), suggesting that it functions as a
noncoding RNA (5).

We investigated the possibility that B2.7
could function as a noncoding RNA. A
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Table S5. FUSION stage 1, stage2, and stage 1 + 2 T2D association results for 80 SNPs. SNPs were selected for stage 1 or stage 2 genotyping based on results in the FUSION GWA, combined evidence from FUSION, DGI, and WTCCC GWAs, or previous reports.

Stage 1 Stage 2 Stage 1 +2
Risk  Control Case Control Case Control Case
allele/ risk risk risk risk risk risk
Position non-risk allele allele allele allele allele allele Stage 1 Stage 2 Stage 1 +2 Reason for

SNP Chr (bp) Genes allele freq freq freq freq freq freq OR  95%CI p-value OR  95%CI p-value OR  95%CI p-value follow-up
15640742 1 20,729,860  CDA, DDOST, A/C .601 .663 616 613 .609 .638 1.297 1.147-1.465 29x 107 0.992 0.884-1.112 .89 1.127 1.037-1.225 .0047 FUSION GWA

KIF17, PINK1
117356414 1 59,031,529 - C/T .694 736 719 .708 .707 722 1.248 1.096-1.422 8.0x 10™ 0.953  0.841-1.081 46 1.084 0.991-1.186 .077 FUSION Imputed
rs17025978 1 110,781,653 KCNA10 G/A 914 947 934 930 924 939 1.705 1.347-2.158 6.6x 10° 0.941 0.752-1.178 .60 1.270 1.082-1.491 .0033 FUSION GWA
rs10494217 1 119,181,230  TBX15 G/T 708 735 .740 725 724 730 1.142 1.004-1.298 .044 0.929 0.816-1.058 27 1.026 0.937-1.124 .58 Combined GWA
1s7599781 2 43,590,377  PLEKHH2, THADA T/C 942 958 954 .950 .948 954 1.478 1.119-1.953 .0056 0.895 0.683-1.172 42 1.147 0.947-1.390 .16 Combined GWA
rs6704803 2 158,175,059  ACVRIC, PSCDBP C/T 928 .946 938 942 933 944 1.316 1.033-1.675 .025 1.084 0.851-1.380 52 1.198 1.011-1.419 .036 Combined GWA
rs1801282 3 12,368,125  PPARG, LOC643925 C/G 816 .854 .830 .843 .823 .848 1.303 1.111-1.529 .0011 1.077 0.924-1.256 34 1.195 1.071-1.333 .0014 Combined GWA
rs17081352 3 30,307,851 - C/A .905 .940 928 927 917 933 1.680 1.339-2.109 5.5x10° 0.978 0.780-1.224 .84 1.276 1.090-1.494  .0023 FUSION Imputed
rs13072106 3 134,425,451 BFSP2, TMEM108 T/C 118 155 .143 142 130 .149 1.414 1.188-1.682 8.7x 107 1.000 0.852-1.174 .10 1.166 1.038-1.311 .0098 FUSION GWA
rs4687299 3 186,595,361 MAP3K13 A/G 225 276 268 .260 247 268 1.325 1.158-1.515 3.9x10° 0.959 0.841-1.092 .53 1.116 1.017-1.225 .020 FUSION GWA
rs17289925 3 186,917,362  C3orf65, IGF2BP2, C/T .018 .022 .020 .020 .019 .021 1.181 0.775-1.801 44 1.077 0.719-1.613 72 1.117 0.836-1.492 46 Follow-up

LOC646600
154402960 3 186,994,389 IGF2BP2 T/G 291 347 317 335 304 341 1276 1.126-1.446 12x10* 1.073  0.951-1.211 25 1.175 1.078-1.281 2.4x10* Combined GWA
15734312 4 6,421,426  WFS1 A/G AT78 .506 482 A85 480 496 1.101 0.980-1.236 11 1.010 0.899-1.134 .87 1.056 0.973-1.145 .19 Combined GWA
886374 4 7,856,440  SORCS2 T/C 211 270 233 221 222 245 1.385 1.209-1.587 2.4x10° 0.943  0.824-1.081 40 1.140 1.036-1.253 .007 FUSION GWA
rs13139219 4 42294231  ATP8Al C/A 779 .827 796 .805 788 .816 1.346 1.160-1.561 7.9x 107 1.052 0.911-1.214 .50 1.186 1.070-1.314  .0011 FUSION GWA
1s6834248 4 95,447,456  LOC644429, PGDS, T/C 772 786 779 765 775 776 1.108 0.963-1.275 15 0.919 0.800-1.056 23 1.001 0.907-1.104 99 Combined GWA

SMARCAD1
152720460 4 104,412,290  BDH2, CENPE, A/G 571 .607 574 579 573 .593 1.154 1.025-1.299 .018 1.012 0.899-1.140 .84 1.084 0.998-1.179 .057 Combined GWA

DHRS6, LOC133308
527779 5 142,239,267  ARHGAP26 A/C 250 304 259 269 255 .286 1.326 1.162-1.513 2.5x 107 1.044 0.917-1.190 52 1.171 1.068-1.283 7.5x 10 FUSION GWA
1s3733876 5 176,315,601 RAP80 G/A 765 .805 791 798 778 .801 1.277 1.109-1471 6.6x10* 1.051 0.909-1.215 .50 1.156 1.046-1.278  .0046 FUSION GWA
rs4712523 6 20,765,543 CDKAL1 G/A 372 407 .349 .366 .360 .387 1.164 1.032-1.312 .013 1.084 0.959-1.224 .20 1.123 1.032-1.222  .0073 Follow-up
rs10946398 6 20,769,013 CDKAL1 C/A 368 404 347 364 357 384 1.163 1.029-1.315 .016 1.081 0.956-1.222 22 1.122 1.029-1.223 .0087 Combined Imputed
157754840 6 20,769,229  CDKAL1 C/G 372 406 350 368 .360 .387 1.155 1.022-1.304 .021 1.083 0.959-1.223 20 1.120 1.028-1.220  .0095 Follow-up
152206734 6 20,802,863 CDKAL1 T/C 174 .200 168 174 171 187 1.182 1.016-1.375 .030 1.060 0.911-1.234 45 1.116 1.003-1.241 .043 Combined GWA
rs4496780 6 21,187,627  CDKAL1 G/T .104 .093 .092 .106 .098 .100 0.890 0.730-1.086 25 1.209 0.994-1.471 .057 1.046 0.911-1.200 .53 Follow-up
19271366 6 32,694,832 HLADQAL, A/G .858 .862 .857 .867 .858 .864 1.044 0.878-1.241 .63 1.104 0.936-1.303 24 1.067 0.948-1.202 .28 Combined GWA

HLADRA, HLADRB1
rs11751469 6 33,912,525 - C/T 563 .609 574 585 .568 597 1.209 1.073-1.362 .0018 1.050 0.933-1.182 41 1.122 1.032-1.219 .007 Combined GWA
157750445 6 37,872,955  ZFAND3 G/C 136 .180 163 135 150 157 1.407 1.194-1.659 42x10° 0.814  0.694-0.956 012 1.053  0.941-1.179 37 FUSION Imputed
rs9472138 6 43919,740 - T/C 310 314 .305 321 .308 318 1.031 0.911-1.166 .63 1.071 0.946-1.212 28 1.050 0.963-1.145 27 New Assoc
1s7450789 6 111,923,668 LOC643749, REV3L, T/G 903 919 .908 912 .906 916 1.228 1.001-1.506 .048 1.069 0.877-1.304 51 1.141 0.990-1.314 .068 Combined GWA

TRAF31P2
1s2021966 6 132,192,132  ENPP1 A/G 576 .630 .606 .621 592 .626 1.246 1.107-1.403 2.6x10* 1.057 0.939-1.190 36 1.148 1.056-1.247  .0012 FUSION Imputed
615545 7 18,165,111 - C/T .694 751 .708 733 .701 742 1.361 1.190-1.556 5.9x10° 1.134 0.998-1.289 .053 1.236 1.127-1.355 6.1x 10° FUSION GWA
rs10281305 7 54,664,618 - G/T 735 772 738 757 737 765 1.224 1.069-1.401 .0033 1.101 0.961-1.261 .16 1.153 1.048-1.268  0.0033 Combined GWA
rs17158686 7 83,439,407  SEMA3A T/G 951 957 959 958 955 958 1.156 0.874-1.528 31 1.007 0.751-1.351 96 1.077 0.881-1.316 47 Combined GWA
152470984 7 122,368,680  SLC13A1 A/C 297 .348 316 298 307 323 1279 1.130-1.448 9.0x 107 0.930 0.822-1.054 .26 1.083  0.993-1.181 .073 FUSION GWA
rs10954654 7 138,816,342 - C/T 725 776 735 749 730 762 1.337 1.166-1.533 2.8x107° 1.089 0.952-1.245 21 1.201 1.092-1.321 1.6x 10 FUSION GWA
15557962 7 140,232,924  LOC642421, T/C .047 .076 .059 .058 .053 .067 1.650 1.287-2.115 5.9x 107 0.982 0.770-1.253 .89 1.275 1.075-1.514  .0052 FUSION GWA

MRPS33
rs13266634 8 118,253,964  SLC30A8 C/T .604 .651 614 .646 .609 .649 1.222 1.084-1.379 .001 1.143  1.016-1.286 .026 1.184 1.089-1.287 6.8x 107 FUSION GWA
1s7839244 8 142,457,437  GPR20 A/G .066 .098 .082 .080 .074 .089 1.553 1.248-1.932 6.8x10° 0.967 0.784-1.192 5 1.212 1.044-1.407 012 FUSION GWA
rs1063192 9 21,993,367  CDKN2A, CDKN2B A/G 556 582 .587 .584 572 .583 1.094 0.975-1.228 13 0.989 0.879-1.114 85 1.045 0.963-1.134 29 Follow-up
1s564398 9 22,019,547  CDKN2A, CDKN2B T/C .566 .596 .596 .590 582 .593 1.118 0.994-1.258 .064 0.970 0.863-1.091 .61 1.045 0.962-1.135 30 Follow-up
rs2383208 9 22,122,076 - A/G .842 .862 .836 .864 .839 .863 1.184 1.002-1.400 .047 1.240 1.057-1.456  .0082 1.219 1.086-1.367 7.2x 10* Combined GWA
rs10811661 9 22,124,094 - T/C .852 .870 .848 .873 .850 .872 1.168 0.980-1.392 .082 1.223  1.039-1.441 015 1.204 1.069-1.356  .0022 Follow-up
rs13297268 9 91,267,696  NFIL3 G/A 924 952 .945 .949 935 950 1.650 1.280-2.128 9.0x 10° 1.094 0.848-1.413 49 1.353 1.132-1.618 83x10* FUSION Imputed
rs2185935 9 114,581,796 - C/T .667 675 661 .662 .664 .669 1.024 0.904-1.160 71 1.008 0.895-1.136 .89 1.018 0.935-1.110 .68 Combined GWA
rs1416904 9 131,363,871 KIAA0515, POMTL, T/C 931 952 925 935 928 .943 1.479 1.150-1.902 .0021 1.116 0.892-1.397 34 1.269 1.074-1.498  .0049 Combined GWA

UCK1
rs1270874 10 29,879,870  SVIL C/A 753 799 .780 777 767 788 1.297 1.123-1.498 3.9x10* 0.976 0.849-1.120 72 1.118 1.012-1.234 .028 FUSION Imputed
19422546 10 43,391,505  ZNF239, ZNF485 G/T .628 .631 .640 .651 .634 .641 1.009 0.894-1.138 .89 1.066 0.945-1.203 .30 1.036 0.951-1.127 42 Combined GWA
rs13088 10 49,985,899  Cl0orf72 G/A 369 .398 363 384 .366 391 1.132 1.003-1.277 .044 1.073  0.953-1.207 24 1.102 1.013-1.198 .024 Combined GWA
51359624 10 91,385,408 FLJ37201, C/T 247 .290 268 265 258 277 1.222 1.072-1.394 .0027 0.973  0.853-1.110 .68 1.108 1.010-1.215 .030 FUSION GWA

MPHOSPH1, PANK1

29



Table S5. FUSION stage 1, stage2, and stage 1 +2 T2D association results for 80 SNPs (continued)

Stage 1 Stage 2 Stage 1 +2
Risk Control  Case Control Case Control Case
allele/ risk risk risk risk risk risk
Position non-risk allele allele allele allele allele allele Stage 1 Stage 2 Stage 1 +2 Reason for
SNP Chr (bp) Genes allele freq freq freq freq freq freq OR  95%CI p-value OR  95%CI p-value OR  95%CI p-value follow-up
rs1111875 10 94,452,862 HHEX C/T 526 557 519 .536 522 .546 1.128 1.006-1.266 .039 1.058 0.943-1.187 .35 1.097 1.012-1.189 .025 New Assoc
rs7923837 10 94,471,897 - G/A .603 .631 591 613 597 .622 1.122 0.997-1.263 .057 1.090 0.970-1.226 15 1.107 1.019-1.203 .016 Combined GWA/
New Assoc
rs4506565 10 114,746,031 TCF7L2 T/A 214 250 217 248 216 249 1.257 1.089-1.450 .0017 1.187 1.037-1.360 .013 1221 1.107-1.346 6.4x10° FUSION Imputed/
Prev Assoc
1s7903146 10 114,748,339  TCF7L2 T/C 179 229 .183 226 .181 227 1.388 1.197-1.610 13x107° 1.295 1.122-1.495 3.9x10* 1.343 1.213-1.488 1.4x10°® FUSION GWA/
Prev Assoc
rs12255372 10 114,798,892  TCF7L2 T/G 156 203 .165 .199 .161 201 1.400 1.201-1.632 1.5x107° 1.244 1.070-1.447 .0044 1.318 1.184-1.467 3.6x 107 FUSION GWA/
Prev Assoc
15219 11 17,366,148  ABCC8, KCNJ11 T/C 445 489 A82 490 464 489 1.204 1.069-1.357 .0022 1.035 0.922-1.162 .56 1.109 1.021-1.204 014 Combined Imputed/
Prev Assoc
rs9300039 11 41,871,942 - C/A .890 925 .894 924 .892 924 1.520 1.236-1.869 6.0x 107 1.442 1.179-1.764 32x10* 1.478 1.280-1.705 6.8x 10°® FUSION GWA
rs11036627 11 41,881,290 - C/A 912 946 924 946 918 946 1.665 1.313-2.110 1.9x107° 1.466 1.159-1.856 .0013 1.563 1.324-1.846 92x10°% FUSION Imputed
rs10837766 11 41,984,377 - T/C .827 .869 .846 .870 .836 .870 1.397 1.181-1.652 8.6x 107 1.252 1.058-1.482 .0088 1.313 1.166-1.477 58x10° FUSION Imputed
rs7480010 11 42,203,294 LOC387761 G/A 174 174 162 171 .168 172 1.004 0.863-1.169 .96 1.078 0.925-1.257 333 1.034 0.929-1.151 .54 New Assoc
rs4379834 11 44,115,014  ALX4, EXT2, PHACS G/A 316 316 295 .306 .305 311 0.980 0.865-1.111 76 1.063 0.936-1.207 35 1.027 0.940-1.123 .55 New Assoc
rs11616188 12 6,373,003 LTBR, SCNN1A A/G 426 484 445 455 436 470 1.270 1.131-1.426 4.8x107° 1.040 0.927-1.167 .50 1.148 1.059-1.244 83x10* FUSION Imputed
rs3751262 12 12,509,957 DUSP16, G/A 914 932 917 .904 916 918 1.298 1.038-1.623 .022 0.853 0.698-1.043 12 1.039 0.896-1.205 .61 Combined GWA
LOH12CR1
rs1153188 12 53,385,263 - A/T .699 721 .682 702 .690 711 1.100 0.966-1.251 15 1.118 0.989-1.266 .075 1.109 1.015-1.212 .022 Combined Imputed
1s7132840 12 69,697,828 - T/G A25 442 426 438 425 440 1.070 0.949-1.205 27 1.065 0.951-1.193 27 1.063  0.979-1.153 .14 Combined Imputed
rs3825253 12 107,611,747 CORO1C, DAO, A/G 973 989 987 986 .908 988 2.575 1.604-4.134 3.6x 10 0.991 0.602-1.631 97 1.678 1.204-2.337 .0019 FUSION GWA
SSH1
1rs2300455 12 108,086,236  ACACB G/A 815 .839 .821 .820 818 .829 1.166 0.999-1.361 .051 0.997 0.857-1.161 97 1.075 0.965-1.197 .19 Combined GWA
154767658 12 116,982,161 FLJ20674, WSB2 T/C 577 .633 .609 613 .593 .623 1.274 1.134-1.430 4.1x10° 1.025 0.912-1.151 .68 1.134 1.045-1.230 .0025 FUSION GWA
rs1033594 14 36,281,317  SLC25A21 C/T 479 .502 496 .507 487 .505 1.069 0.951-1.202 26 1.049 0.933-1.178 42 1.067 0.982-1.158 13 Combined GWA
rs1449725 14 38,246,572 - C/T .540 .607 .584 .595 562 .600 1.315 1.163-1.486 1.1x10° 1.063 0.943-1.197 32 1.180 1.084-1.284 1.3x10* FUSION Imputed
s2268974 14 68,492,917  ACTN1 G/A 231 242 221 221 226 231 1.058 0.920-1.216 43 0.990 0.863-1.136 .89 1.020 0.926-1.124 .69 Combined Imputed
rs12910827 15 56,417,311 - T/G .021 .045 .029 .032 .025 .039 2.195 1.541-3.127 6.3x10° 1.109 0.800-1.539 .53 1.559 1.232-1.972 1.8x10* FUSION Imputed
rs10521095 16 13,528,936 - A/G 206 256 228 229 217 243 1.351 1.174-1.554 23x107° 1.008 0.882-1.153 .90 1.157 1.051-1.274 .0028 FUSION GWA
rs8050136 16 52,373,776 FTO A/C 403 415 361 397 381 406 1.034 0.920-1.162 .58 1.179 1.046-1.329 .0070 1.107 1.019-1.203 .017 Combined GWA
151800774 16 55,573,046  CETP C/T .667 726 .705 .699 .687 712 1.348 1.182-1.537 7.3x10° 0.967 0.851-1.098 .60 1.138 1.040-1.246 .005 FUSION Imputed
rs11646114 16 85,141,275 FLJ12998, FOXC2, T/A .895 921 915 .905 905 913 1.382 1.124-1.698 .002 0.892 0.728-1.092 27 1.110 0.962-1.281 15 FUSION Imputed
MTHFSD
rs7222308 17 25,301,167 CCDC55, EFCABS, T/C 532 .553 535 552 533 553 1.094 0.973-1.229 13 1.075 0.958-1.206 22 1.086 1.001-1.179 .047 Combined GWA
FLJ46247, SLC6A4,
SSH2
rs17384005 18 1,565,020 - A/G .842 .859 .858 .859 .851 .859 1.147 0.974-1.351 .10 1.004 0.850-1.186 96 1.074 0.956-1.206 23 FUSION Imputed
rs175200 22 18,543,063 - A/G 490 552 .538 .553 515 .553 1.285 1.137-1452 5.5x107° 1.069 0.954-1.198 25 1.165 1.072-1.265 2.9x10* FUSION Imputed
1565979 22 19,353,500 DKFZp434N035, C/T .679 730 727 709 703 720 1.295 1.139-1472 7.0x10° 0.929 0.816-1.056 26 1.090 0.996-1.193 .060 FUSION GWA
LOC150207,
LOC645289,
PIK4CA, SERPIND1
1s2267339 22 35,290,742 CACNG2 G/T 611 .674 .630 .618 .621 .646 1.341 1.182-1.521 4.5x10° 0.939 0.832-1.060 31 1.1121.020-1.213 .016 FUSION Imputed
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Table S6: Comparison of T2D association results for SNPs that were imputed with a p-value <.001 and then genotyped in the FUSION stage 1

sample
Risk gllele frequency FUSION Stage 1 FUSION Stage 1 Imputation quality Maximum 12
in controls Imputed® Genotyped measures Observed with SNPs
Imputation  Estimated allelic used for
SNP Genes Imputed  Genotyped p-value® OR* p-value OR consistency® P ¢ concordance imputation

rs12910827 024 021 25x10° 257 63x10° 220 977 720 994 39
rs1449725 .544 .540 53x10° 1.33 1.1x10° 1.31 .989 977 .990 .90
rs17081352 .909 .905 73x10° 170 55x10°  1.68 994 954 1.000 .87
rs11616188  SCNN1A/LTBR 474 426 1.5x10° 1.40 48x107° 1.27 .760 .585 919 27
rs10837766 840 827 1.5x10°  1.49 8.6x10°  1.40 975 930 975 46
rs11036627 .903 912 1.7x107° 1.67 1.9x107° 1.66 976 901 987 75
rs17384005 811 .842 1.9x10° 1.84 .10 1.15 743 .309 .874 11
rs7750445 116 136 20x10° 1.47 41x10° 1.41 986 .965 977 .50
1s2267339 CACNG2 613 611 2.8x107° 1.33 45x10° 134 939 .873 .990 2
rs17356414 551 .694 3.0x 107 1.30 8.0x10* 125 .944 920 .878 .34
rs1800774 CETP .642 .667 3.9x 107 1.39 73x10° 135 810 617 972 .29

rs175200 493 490 6.6x 107 1.28 55x 107 1.28 993 976 997 .85
rs6103716 342 342 73x 107 1.28 48x107° 1.29 993 978 .999 .33
rs13297268 NFIL3 928 924 7.5x 107 1.72 9.0x 107 1.65 988 916 .998 28
rs11646114 FOXC2/FLJ12998 .868 .895 9.1x107° 1.66 .0020 1.38 .860 512 .956 13
1s2021966 ENPP1 584 576 9.1x10° 132 26x 10" 1.25 846 769 937 46
rs1270874 SVIL 745 753 14x10* 133 39x 10 130 983 954 .988 24
rs4812831 150 116 1.6x 10" 1.53 .0055 1.28 .831 516 .944 45
rs4402960 IGF2BP2 290 291 1.7x10%  1.27 12x10* 1.8 997 1.026 998 1.00
152466291 SLC30A8 399 361 63x10" 126 .0016 1.22 .874 .830 935 47
rs1801282 PPARG 816 .816 95x10% 131 .0011 1.30 .999 1.002 1.000 1.00
rs3802177 SLC30A8 .604 .605 99x10* 123 .0012 1.22 999 1.015 .999 1.00
134506565 TCF7L2 213 214 .0015° 1.26 .0017 1.26 .999 .965 1.000 92

“Imputation-based analysis restricted to individuals with successful genotypes for the same SNP; these results may differ from the imputed results in

Table S2 which are based on all stage 1 individuals

°Imputed p-value = 7.0 x 10™ in stage 1 sample
‘Imputation consistency is the proportion of imputation iterations that agreed with the most likely genotype
9The estimated 1* is the ratio of observed variance of dosage scores across samples to the expected variance given the imputed SNP allele frequency
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Table S7. SNP annotation weights used in SNP picking for stage 2 genotyping

Annotation Weight
Maximum of:
Frameshift 50
Stop codon 50
Critical splice site 50
Poly A signal 30
Any change to initial ATG signal 30
Non-synonymous coding:
Identical amino acid seen in more than 75% of mammals 20
Similar amino acid seen in more than 75% of mammals 20
Non-conservative amino acid change 6 to 9°
Other non-synonymous 5
SNP in exon, includes 5" and 3’ UTRs 2
Bonus:
FUSION linkage LOD>1 1to3°
SNP near candidate gene 1.5
SNP near gene over-expressed in tissue of interest 1.5
Conserved 1.2
Near any gene 1.2

* For non-conservative amino acid changes, the weight is 5 - X, where -4 < x < -1 is the
BLOSUMSG62 score for the amino acid substitution (23)
® For linkage, the weight is the T2D LOD score in the FUSION 1+2 families (2) if that LOD

score 1s >1
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