SUPPLEMENTARY DATA

Supplementary Note 1. SUMMARY OF ASSOCIATION RESULTS AT KNOWN AND NOVEL
LOCL

The exome-wide single variant association results are displayed in Supplementary Table 2. We first
partitioned the significant (P <5 x 10”) and suggestive (P <5 x 10®) single variant association results
into two sets: variants in previously reported associated regions (Supplementary Table 2A) and
variants with potentially novel association signals (Supplementary Table 2B).

Of the 57 loci with common variants associated with FG or FI in multiple ancestries (1-13), twenty-one
regions contained significant or suggestive association signals in our analysis. Of the seven regions
harboring significant associations with non-synonymous variants, five (GCKR, G6PC2, SLC30AS8,
PCX1, and GLP1R) were described previously by our group (13), where, when possible, conditional
analyses and functional experiments are utilized to illuminate functional transcripts. In the MADD locus,
a missense variant ACP2 p.Arg29GIn showed significant association with FG levels (P = 1.91 x 107,
MAF = 38%). This variant is in low LD (r*= 0.138) with the reported variant, rs7944584 (P =2.62 x 10"
" MAF = 39%), but after conditioning on rs7944584 the association was not significant (P = 0.003). An
additional association with a low-frequency variant was observed at the MTNR1B locus. A variant
upstream of MTNRIB, rs7950811, (effect = 0.057; P = 6.8 x 10™'"), has a MAF of 4.5% and in low LD
with the index SNP, rs10830963 (r* = 0.002), in 1000 Genomes data (14). After conditioning on the
index SNP, the association of rs7950811 with FG remained significant (P = 3.07 x 107). For FI, five
regions contained significant or suggestive association signals. All of the insulin-associated variants
were common with MAF > 25%. Two of these regions, the GCKR and GRB14/COBLL1 loci, harbor
significant missense variants and were previously described (13).

Association results at previously reported variants from genome-wide association studies are presented
in Supplementary Table 2C. Of the 68 previously published common variant associations with FG and
FI, we were able to carry out association tests at 36 FG and 16 FI variants. Thirty of the FG association
loci showed P < 0.05, with 100 % having a consistent direction of effect. Thirteen FI associated loci had
P <0.05, with 100% demonstrating a consistent direction of effect.

Potentially novel association signals

We observed five and seven variants passing suggestive level of significance for FI and FG, respectively
(Supplementary Table 2B). As this analysis focused on coding variation, we took the three coding
variants forward to a replication analysis in four independent Finnish studies (N = 5,747) (15-18). The
AKT2 p.Pro50Thr variant in AKT2 was present and well-imputed in the 1000 Genomes reference panel
(imputation score: 0.886 to 0.957). The correlation between imputed and directly genotyped genotypes
was high (r2 > (.88), and the association of this variant with FI levels replicated, (Preplication = 0.00054, N
= 5,747) resulting in a combined (discovery and replication) sample P value of 9.98 x 10
(Supplementary Table 2E). MMEL1 p.Glu323Gln, which has a MAF of only 0.2% (seven minor allele
carriers in the HBCS subset), was poorly imputed and not tested for association (imputation score: 0.718
to 0.945, r* = 0.57). TP53BP1 p.Thr1278Ile was not observed in the studies.

Summary of exome-wide significant gene based association results
The suggestive and significant gene based association signals from each ancestry group in the exome

sequencing data and the exome chip data, as well as combined results, are displayed in Supplementary
Table 2D. The AKT2 gene based association with FI is described in the main text.
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In gene-based tests using the PTV+NSy;0.d mask, NDUFAF1 was significantly associated with FI levels
(Pgurden = 1.10 x 10). This association was driven by a single missense variant (p.His309Asp,
rs199599633, P = 9.3 x 10°, N = 1,673) that was not associated with FI levels in exome array data (P =
0.018, N = 19,569). NADH dehydrogenase (ubiquinone) complex I, assembly factor 1, or NDUFAF1,
encodes for a complex I assembly factor protein, which is part of the first step of the respiratory chain.
Mutations in both copies of this gene are reported to cause mitochondrial complex I deficiency, which
manifests as cardioenphalomypathy or fatal hypertrophic cardiomyopathy while heterozygous parents
were reported as healthy(19; 20).

Additionally, a third gene, GIMAPS, was associated with FG levels in the PTV-only mask (Pgyrgen = 2.30
x 10°%). This association was driven by singleton and doubleton variants. This gene encodes a GTPase of
the immunity-associated protein family (21)

Supplementary Note 2. POPULATION GENETICS AND CONSTRAINT

We studied the population genetics properties of AKT2 and AKT2 p.ProS0Thr by cataloguing details of
all the protein altering variants observed in the T2D-GENES exome sequence data (N=12,940). We
phased variants in proteins or genes (including non-coding variants) using SHAPEIT (22) and calculated
population statistics and diversity indices with Arlequin (v 3.5) (23), grouped by country of origin. We
built the haplotype network using the pegas and igraph libraries in R. dN/dS for Human-Chimpanzee
alignments were extracted from ENSEMBL database (24). We computed the “within-human” dN/dS
with codeml (PAML) (25) using hg19 sequence as reference and alternative sequence containing all the
observed segregating sites. The Mcdonald-Kreitman test (26) for AKT2 was computed in Bioperl
(Bio::PopGen::Statistics) using AKT3 (hg19) as an outgroup.

There was modest heterogeneity across regions of Finland, with North Karelia (MAF=1.7%) different
(0.001<pairwise Fsr<0.003; P<0.01) from all other tested regions, except Central Finland (MAF=1.3%,
pairwise Fgsr=0.0004, P=0.08). These geographical differences in Pro50Thr allele frequency are
consistent with long-term drift (27) with no evidence of selection pressure differences at AKT2 across
Finland (dN/dSFiniand=0.1; 0.08<dN/dSguropean<0.4).

In the complete GoT2D and T2D-GENES exome sequence data of 12,940 individuals (6,504 with type 2
diabetes), AKT2 displayed some evidence of purifying selection (dN/dS<0.01 comparing human and
chimpanzee) (Supplementary Figure S3; Supplementary Figure $4). We observed 36 non-
synonymous variants in AKT2 (35 with a MAC<5 and Pro50Thr with MAC=61) (Supplementary
Table 3). No other protein-altering variants had frequency greater than 0.3% in the 60,706 individuals
(including 6,347 from the GoT2D and T2D-GENES studies) in the Exome Aggregation Consortium
(ExAC) data.

Supplementary Note 3. PATHWAY ANALYSES

We used biological knowledge to test for enrichment of signal in pathways. Pathways and networks
were selected from MSigDB (28), which includes Gene Ontology, pathways from KEGG, Ingenuity,
Reactome, and Biocarta; and the manually curated monogenic pathways previously considered. We
carried out a two-stage enrichment analysis: step one calculates gene aggregation scores using a function
of single variant statistics; and step two calculates gene set scores using a function of aggregation scores
from each gene in the set. In step one, we make use of a range of gene aggregation functions, including
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the minimum p-value (or maximum Bayes’ factor) for single-variant association (within ancestry or
trans-ethnic) in the gene (with correction for the number of variants in the gene). In step two, we apply a
pre-ranked GSEA method (28), which consists of a sensitive-improved Kolmogorov-Smirnov (random
bridge) statistic, and which provides better correction of the null distribution for highly correlated gene
sets (as we see for our hand curated gene sets). Additionally, we performed a biologically enhanced
pathway analyses with DEPICT (29), an integrative tool that we used to highlight enriched pathways
and identify tissues/cell types where genes from associated loci are highly expressed.

Gene set definitions: We assembled pre-defined, hand-curated lists to create four gene sets:
“Monogenic All” (N = 81), including any gene with reported mutations that result in a disease or
syndrome leading to either increased prevalence of diabetes or changes in glycemic traits. We further
prioritized two subsets of genes, “Monogenic Glucose” (N = 41) and “Monogenic Insulin” (N = 37)
including any gene with mutations leading to changes in respective glycemic traits as a primary feature.
The list contains genes identified before September 2013. The fourth gene set, “Insulin Receptor
Signaling,” was created using Ingenuity Pathway Analysis (IPA) tools (30) by merging the insulin
receptor signaling, IGF-1 signaling, and PI3K/AKT signaling pathways and adding all downstream
phosphylated substrates of AKT.

Association Analysis: SKAT and burden tests were performed after aggregating functional variants
(according to the previously described criteria) across all the genes in each gene set. Conditional
analyses were performed using features implemented in RareMETALS (31; 32).

Enrichment of association signals: Empirical enrichment for the number of gene based tests with P <
0.001 and the number of single variant tests with P < 0.001 in each gene set was determined by first
counting the number of tests below the threshold. For a particular gene set, let Nopserves denote the
number of tests with P < 0.001. A pool of similar genes was assigned to each gene in the gene set,
according to the quartile of exon length and quintiles of the number of the nonsynonymous and
synonymous variants in the gene. For each gene set, 1,000 matched gene sets were created. An empirical
distribution of N; (the number of tests with P < 0.001 in matched set i) was constructed for each of the
matched sets. The empirical enrichment P-value was calculated by observing the proportion of matched
sets with Ni > Nopserved-

Additional traits related to insulin resistance: We examined the single variant association of fasting
adiponectin level (log-transformed, age, sex and BMI adjusted, and inverse-normalized), 2 hour glucose
level (age, sex and BMI-adjusted, and inverse-normalized) and 2 hour insulin level (log-transformed,
age, sex and BMI adjusted, and inverse-normalized) in these pathways using exome array data when
available from the discovery cohorts (D2D2007, DPS, DRSEXTRA, FINRISK, FUSION, Health2008,
Inter99, METSIM, ULSAM).

Summary of Results

To further assess the evidence of enriched signals in biologically related genes, we looked for
enrichment across pathways using both hand curated and publically available pathways. This was
conducted using GSEA (28; 33). While no gene-set was significant after multiple testing correction,
there is enrichment for several pathways, including adipocytokine signaling, glucose transport, galactose
metabolism, glycolysis and gluconeogenesis, and starch and sucrose metabolism pathways, all of which
include both G6PC2 and G6PC. While the G6PC2 association with FG has previously been described
(13), we note that G6PC mutations result in glycogen storage disorders (34).
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Since AKT2 lies in the insulin receptor signaling pathway and AKT2 mutations are a known cause of
both familial lipodystophy, severe insulin resistance and hypoglycemia (35-38) we next explored
whether there was an enrichment of rare and low frequency variants in these gene sets (“Monogenic
Genes,” and “Insulin Receptor Signaling Genes”) [Supplementary Table 6A]. First, we tested for
global enrichment by aggregating all variants predicted to be deleterious using the annotation masks
previously described for gene based testing (PTV-only, PTV+NSgict, PTV+NSp0ad, PTV+Missense).
We found a significant enrichment of deleterious variants (protein truncating, splice site and non-
synonymous) in the monogenic genes (P = 2 x 10™) in exome array data [Supplementary Table 6B]
but no such enrichment in an analysis of the exome sequencing data set (P = 0.87) [Supplementary
Table 6C]. Conditional analyses demonstrated that in addition to AKT2 p.ProS0Thr (P conditional on
AKT2 p.Pro50Thr = 0.0017), seven additional top ranked variants contribute to this signal (P conditional
on AKT2 p.Pro5S0Thr, CFTR p.Asp1270Asn, INSR p.Vall012Met, ZMPSTE24 p.Argl78His, ZFP57
p.Argl78His, CFTR splice donor variant rs78756941 and PCNT p.Glul785Lys jointly = 0.0104)
[Supplementary Table S6D,E]. No other novel associations were detected with the other gene sets and
variant masks, although when comparing the effects of the burden tests across the four variant
aggregation categories, we observed a positive trend of effect as we examined the category containing
the least predicted deleterious (PTV+missense) to the most predicted deleterious (PTV-only), although
the confidence intervals widen as the number of included variants decrease [Supplementary Fig. 6].

To find specific genes harboring an enrichment of association with either FG or FI levels, we next
focused on association results from the monogenic genes, testing each set for empirical enrichment. We
found that a gene implicated in congenital generalized lipodystrophy, CAV1 (39), showed enrichment of
association with FG levels when considering the set of glucose-specific monogenic genes from the
exome sequencing analysis (enrichment P = 0.03; CAV1 P = 1.9 x 10™ with protein truncating and low-
frequency missense variants and P = 7.0 x 10 with protein truncating and predicted deleterious
variants). Mutations in CAV1 are characterized by extreme insulin resistance and lipodystrophy (39) but
in our data no association of CAV1 variants with FI levels was observed. We also observed a borderline
enrichment for fasting insulin level with a gene-based burden test in the insulin receptor signaling
pathway (enrichment P = 0.06; (PTGS2 burden P = 1.1 x 10" with protein truncating and low-frequency
missense variants; [Supplementary Fig. 7, Supplementary Table S7A,B].

We further examined the association of three quantitative traits related to insulin resistance: fasting
adiponectin level, and 2 hour glucose and 2 hour insulin levels after an oral glucose tolerance test.
Besides a nominally significance Other than the AKT2 p.Pro50Thr allele association with 2 hour insulin
level (Effect = 26% increase, 95% confidence interval = 16% - 38%, P = 7.86 x 10™), no other
associations were observed [Supplementary Fig. 7C].

Supplementary Note 4. EXPRESSION PROFILE OF AKT2

GTEX

We compared the expression pattern of AKT2 to the two other members of the AKT gene family, AKT1
and AKT3, using multi-tissue RNA sequencing (RNA-seq) data from the pilot phase of the GTEx
project. Detailed procedures for sample collection, RNA extraction, RNA-seq, and gene and transcript
quantifications have been previously described (40). Briefly, in the pilot phase, a total of 9,365 tissue
samples targeting more than 30 distinct human tissues were collected from 237 post-mortem donors.
RNA was extracted, and 1,749 unique samples that passed QC (RIN value of 6.0 or higher and at least
lug of total RNA), were selected for RNA-seq. Non strand-specific RNA sequencing after poly-A
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selection was performed using I[llumina TruSeq RNA Sample Preparation protocol on the Illumina
HiSeq 2000, and aligned with Tophat (v 1.4.1) (41) to UCSC hgl9. Gencode (v 12) (42) was used as a
transcriptome model for the alignment, and gene and isoform quantifications. Gene and exon level
expression was quantified using RNA-SeQC (43) and the Flux Capacitor (v 1.2.3,
http://flux.sammeth.net) was used in the quantification of the expression of several transcriptional
elements including gene transcript, splice junctions and introns. In total, 44 tissues had data from more
than one individual and were used in the analyses.

Genotyping and imputation: Samples were genotyped on the Illumina HumanOmni5-4vl B SNP
array and imputed to the 1,000 Genomes Phase 1 reference (an updated data freeze version from 19
April 2012, release v3) using IMPUTE2 (44; 45) as described (40).

Age and BMI associations. We studied BMI and age associations using a linear mixed model
as implemented in the lmer function in the Ime4 R package (46). Sex, age, BMI, and three PCs
were included in the model as fixed covariates and the date of sequencing and the date of nucleic acid
isolation as random covariates. The gene expression RPKM values were inverse variance rank
normalized for these analyses.

eQTL analysis: The cis-eQTL for AKT2 in subcutaneous adipose tissue was extracted from the eQTL
data generated during the pilot phase of the GTEx project. The methods have been previously described
in detail (47). Briefly, the association of common (MAF > 5%) SNPs with gene expression levels was
studied using a linear model in MatrixEQTL (48) including sex, three genotyping PCs, and 15
expression PEER factors (49) as covariates. The cis-window was defined as one megabase (Mb) up- and
down-stream of the transcription start site of each transcript. Prior to the eQTL analysis the RPKM
values were inverse normalized across genes within each tissue and transformed into a standard normal
based on rank.

EuroBATs

EuroBATs RNA-seq samples: Samples from photo protected subcutaneous adipose tissue from 766
twins were extracted (131 monozygotic twin pairs, 187 dizygotic twin pairs and 130 unrelated
individuals) and processed as previously described (50; 51). In brief, samples were prepared for
sequencing with the Illumina TruSeq sample preparation kit (Illumina, San Diego, CA) according to
manufacturer’s instructions and were sequenced on a HiSeq2000 machine. Afterwards, the 49-bp
sequenced paired-end reads were mapped to the GRCh37reference genome (52) with BWA v0.5.9 (53).
We use genes defined in the GENCODE 10 annotation (42), removing genes with more than 10% zero
read count. RPKM values were root mean transformed.

Genotyping and imputation: Samples were genotyped on a combination of the HumanHap300,
HumanHap610Q, 1M-Duo, and 1.2MDuo 1M Illumnia arrays, as described in Grundberg et. al (54).
Samples were imputed into the 1000 Genomes Phase 1 reference panel (data freeze, 10/11/2010) (6)
using IMPUTE2 (44; 45) and filtered (removing variants with MAF<1%, IMPUTE info value<0.8).
Samples with both genotypes and expression values (N=720) were used in the subsequent analyses.

Gene-age, gene-BMI, and insulin associations: We used inverse normalized RPKM values to assess
the effects of age and BMI on gene expression. We fit linear mixed models using R (55) with the Imer
function in the lme4 package (46). Confounding factors in all models included fixed effects (primer
insert size, GC content mean) and random effects (primer index, date of sequencing, family relationship
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and zygosity). In addition to the adjusting for these fixed and random covariates, the analysis of age also
adjusted for BMI and the analysis of BMI was adjusted for age. The P values to assess significance for
age and BMI effects were calculated from the Chi-square distribution with 1 degree of freedom using
likelihood ratio as the test statistic. FI was measured at the same time point as the fat biopsies, following
a previously described protocol (56). Natural log transformed FI were adjusted for age or for age and
BMI and the residuals were inverse rank normalized. FI-SNP and FI-AKT2 association was tested with a
linear model using the Im function in R.

eQTL analysis: We ran the eQTL analysis on residuals from a mixed model including the first 20 PCs
as fixed effects and family relationship and zygosity as random effects. SNP-expression association was
performed with a t-test statistic using the NP-GWAS software. We assessed statistical significance
through 100,000 permutations.

METSM

METSIM RNA samples. Subcutaneous fat biopsy samples were obtained from a sample of the
participants of the baseline METSIM study. Total RNA was isolated from these samples using Qiagen
miRNeasy Kit according to the manufacturer’s instructions. RNA integrity number values were assessed
with the Agilent Bioanalyzer 2100. High-quality samples (RNA integrity number>7.0) were used for
transcriptional profiling with the Affymetrix Human Genome U219 Array. Genome Studio software
(2010.v3) was used to obtain fluorescent intensities.

eQTL analysis and gene-age, gene-BMI and insulin associations: The SNP-gene associations were
studied for all SNP within 1 Mb of a given gene. The RNA normalized expression data were adjusted
for 35 PEER factors and inverse normal transformed PEER processed residuals were for used eQTL
mapping (57). Linear mixed model EMMAX (58) accounts for sample relatedness and was implemented
in EPACTS (http://genome.sph.umich.edu/wiki/EPACTS). The sample size for eQTL-mapping was
N=770. BMI and age associations, as well as FI associations (with and without adjustment for BMI)
were studied using the mixed linear model implemented in lme4 (46) in R. The fixed covariates
including age and BMI were used as random covariates. Association between the SNPs associated with
AKT2 expression (eSNPs) and FI was tested with a linear model using the Im() function in R. The
natural log transformed FI levels were adjusted for age and BMI and the residuals were inverse rank
normalized. All analyses using expression data were conducted in 770 METSIM individuals, while for
the tests of eSNP and FI association the sample size for analysis was 10,081.

Expression Profile of AKT2

To gain further insights into the tissues relevant for AKT2 function we explored gene and transcript
expression patterns of AKT2 (ENSG00000105221) from multiple (N = 44) human tissues using RNA
sequencing (RNA-seq) data from the Genotype Tissue Expression (GTEx) Project (47).

In the GTEx data AKT2 is ubiquitously expressed [Supplementary Fig. 13A,B]; the gene is present in
all the available tissues (median expression across individuals RPKM(59) (reads per kb per million
reads) > 7 in all tissues, [Supplementary Table 8] and in all individuals, in agreement with previous
studies examining AKT2 expression via RT-PCR, Western blot, and Northern Blot analysis (60-63), and
documented essential role of AKT isoforms in biological processes throughout the body (64). No
enrichment of AKTZ2 expression is present in insulin sensitive tissues (i.e. pancreas, skeletal muscle,
adipose tissue (both subcutaneous and visceral), liver and kidney cortex) via RNA sequencing as
proposed in mouse and rat models, however, this is consistent with previous examination of AKT2
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mRNA in human tissues (61-63; 65). This GTEx RNA sequencing data does not address insulin-
sensitive tissue enrichment seen at the level of AKT2 protein, yet in general mRNA levels correlate with
protein abundance (66-68).

AKT2 has multiple alternatively spliced transcripts, yet little is known of their specific roles, and
therefore we investigated which of the transcripts are the most abundant and which tissues these are
active in Gencode version 12 used in the gene and transcript annotations lists 28 AKT2 transcripts and
17 of these transcripts are expressed (mean RPKM > 1) in at least one of the studied tissues
[Supplementary Fig. 13C,D]. However, majority of the expression appears to be due to three AKT2
transcripts: AKT2-004 (processed transcript) and AKT2-001 (protein-coding) that span the full length of
the gene, and AKT2-008 (protein-coding), which does not include the downstream exons. Together these
three transcripts constitute on average 44% (range 18-65%) of AKT2 expression in the GTEx tissues.
The two longer AKT2 transcripts, AKT2-004 and AKT2-001, follow similar expression pattern to the
gene, while the shorter one, AKT2-008, shows more specific pattern of expression being most expressed
in uterus, kidney cortex and esophagus mucosa.

The exon containing the p.Pro5S0Thr variant is included in 14 out of 28 expressed transcripts (all the 28
AKT2 transcripts are expressed at a detectable level in at least one individual in at least one tissue),
including in all the three most highly expressed transcripts [Supplementary Fig. 13D]. The expression
profile of the exon containing p.Pro50Thr is similar to the whole AKT2 gene with the tissues showing
highest AKT2 expression generally having the higher levels of expression of the exon containing
p.Pro50Thr [Supplementary Fig. 13B]. Notably, the exon is expressed in all tissues and all individuals,
further suggesting that the exon likely encodes part of the protein integral for its function.

Similarly to AKT2, the two other members of the AKT gene family, AKT1 and AKT3, are expressed in all
the tissues available in the GTEx data with the exception of rather low expression of AKT3 in liver and
whole blood. Of the three genes, AKT1 is generally the most and AKT3 the least abundant in all tissues.
AKT2 is the most highly expressed of the three homologs (P < 0.05 for all comparisons using one-sided
paired Student’s t-test and log2 transformed expression values) only in skeletal muscle, pituitary and
cerebellum/cerebellar hemisphere, with the higher AKT2 expression being most pronounced in skeletal
muscle [Supplementary Fig. 14].

AKT2 expression in adipose tissue and association with FI

To assess whether Pro50Thr was associated with AKT2 expression, we tested for gene expression
quantitative trait loci (eQTL) in available adipose tissue data. We found an eQTL in the 5’UTR of AKT2
(rs11880261; MAF=35%) with the common allele associated with lower AKT2 expression levels
(Supplementary Figure 15; Supplementary Table 9). For Pro50Thr, we found the rare allele was
associated with lower AKT2 expression in adipose tissue (METSIM effect=-1.0 SD; P=8.9x10,
EAF=0.8%). The rare ProS0Thr coding allele (T) sits on the same haplotype as the common allele of
rs11880261 (C, 1*=0.002, D’=0.5 in the 1000 Genomes Finnish sample) that is associated with lower
AKT2 expression. A reciprocal conditional analysis showed that these are independent signals
(Pro50Thr: Pconditiona]:8.4><10-3; eQTL: Pconditiona1:1~9><10-13)- No association was detected between
rs11880261 and FI levels (METSIM P=0.30, N=10,081; EuroBATS P=0.80, N=710), suggesting that
the common variant eQTL does not drive the initial FI association.
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Mendelian randomization analysis

To elaborate the potential causality behind the association between AKT2 expression and fasting insulin
association, we applied a Mendelian randomization based approach using the discovered eQTL SNPs as
instrumental variables (IV) following a similar procedure as described recently (69). The association
data for the SNP-gene, gene-FI, and SNP-FI analyses from EuroBATS and METSIM were first
combined in a fixed-effects inverse-variance-weighted meta-analysis. We derived the IV estimator by
taking the ratio of the regression coefficients from the SNP-FI and SNP-AKTZ2 analyses, estimating
standard error using the delta method. We used a Z test to determine the significance of the IV estimator
and the difference between the IV estimator and the observational estimator. Power for this analysis was
calculated using an online MR calculator (http://cnsgenomics.com/shiny/mRnd/) with the following
values as input: sample size = 2091, alpha = 0.05, beta_xy =[0.01-0.1], beta OLS = 0.05, R2 xz =
0.025, sigma_x =sigma_y =1 (70).

Mendelian randomization with rs11880261 as an instrumental variable for AKT2 expression failed to
show a causal relationship between AKT2 expression and FI (P=0.41) (Supplementary Table 10).
However, power for the Mendelian randomization analysis is not sufficient to conclude there is no
effect. Our instrument (rs11880261) explains about 2.5% of the variance in AKT2, but the observational
association between AKT2 expression and FI is also weak. Depending on the estimate of the causal
effect of AKT2 expression to FI, the power with the sample size of 2,091 can be as low as 5%.
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Population structure and diversity indices of AKT2 protein in the exome sequencing data set. Each
pie represents the frequency of different haplotypes, estimated from phased exome sequencing data in
the five continental ancestries (grouped by study or country

of origin). Significance of Tajima’s D and F-statistics (global Fsr, Fis, Fit, and pairwise Fst (gray line),
and within population Fis) are indicated with asterisk: * P-value < 0.05; ** P-value < 0.01; *** P-value
<0.001.

S: Number of segregating sites; Na: expected number of alleles; Pi (m): Mean number of pairwise
differences; Theta (0): Watterson’s 0 estimate; dN/ds: ratio of non-synonymous nucleotide substitutions
per non-synonymous site (dN) and number of synonymous

nucleotide substitutions per synonymous site (dS); MK: McDonald-Kreitman test.

African-American: AJ — Jackson Heart Study, AW — Wake Forest School of Medicine Study; East-
Asian: EK — Korea Association Research Project, ES — Singapore Diabetes Cohort Study and Singapore
Prospective Study Program; European: UA — Ashkenazi (US, Israel), UB — UKT2D Consortium (UK),
UF (Finland) — Metabolic Syndrome in Men Study (METSIM), Finland-United States

Investigation of NIDDM Genetics (FUSION) Study, Malmo-Botnia Study, UG (Germany) - KORA-gen
(Germany), US (Sweden) — Malmo-Botnia Study; Hispanic: HA — San Antonio Family Heart Study,
San Antonio Family Diabetes/ Gallbladder Study, Veterans Administration Genetic Epidemiology
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Study, and the Investigation of Nephropathy and Diabetes Study family component, HS — Starr County,
Texas; South-Asian: SL — London Life Sciences Population Study, SS — Singapore Indian Eye Study.
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AKT family conservation compared to other genes. The dN/dS ratio is calculated by comparing

homologous coding sequences between human and chimpanzee. It shows the degree to which selection
is acting on a gene: ratio<l points to negative selection/purifying selection, i.e. evolutionary pressure to
conserve the sequence in ancestral state, ratio>1 to positive selection, and ratio=1 to neutral evolution.
Three AKT homologs are highly conserved when compared to the set of “Insulin monogenic” genes (37
genes), to which AKT2 belongs, and two other gene sets: 1,002 anatomical structure development genes
“conserved”), and 132 sexual reproduction genes (“fast evolving”).
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19:40745968
(p.Arg208Lys, rs35817154)
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Trait valuesamong AKT2 variant carriers. Profile of the inverse normalized, adjusted metabolic trait
values (top plot) and scaled (normalized by overall mean and standard deviation) raw trait values
(bottom plot) of carriers of three AKT2 variants: AKT2 p.Pro50Thr, AKT2 p.Arg208Lys and AKT2
p.Argd67Trp from the T2D-GENES whole exome sequencing data set. Points on the graph are observed
trait values for heterozygous (black) and homozygous (red) carriers of the variants, split by type 2
diabetes status. Trait abbreviations: HBAI1C- glycated hemoglobin, FAST INS- fasting insulin,
FAST GLU- fasting plasma glucose, TG- triglycerides, CHOL- total cholesterol, LDL-C, low-density
lipoprotein cholesterol, HDL-C- high-density lipoprotein cholesterol, BMI- body mass index, WHR-
waist to hip ratio, WASITC- waist circumference, HIPC- hip circumference, DBP- diastolic blood
pressure, SBP- systolic blood pressure. adjBMI- trait adjusted for BMI
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HbA1c, Fasting Glucose and Fasting Insulin distributions in T2D-GENES exome sequence data
subset of Finnish cohorts (Botnia, FUSION, and METSIM). Scaled (normalized by overall mean and
standard deviation) trait distributions are displayed by genotype group and type 2 diabetes status.
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Phenotype clustering of AKT2 missense variant carriers in the T2D-GENES whole exome
sequencing dataset on seven metabolic traits: all missense carriers (A), carriers of AKT2 p.Pro50Ala
variant (B), and carriers of the other variants (C), (see Supplementary Table 3). The row labels
indicate the variant carried by an individual. P50Talleles: the number of Ala alleles carried; T2D: 0 for
controls and 1 for individuals with type 2 diabetes.
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Supplementary Figure S7B.
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Pathway enrichment in gene-based tests. Gene burden association results from the fasting glucose and
fasting insulin analysis for variants in the PTV+Missense mask in the monogenic gene sets (top) and the

insulin receptor signaling genes (bottom).
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Supplementary Figure S7C.
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genes (bottom).
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Supplementary Figure S8.

Predicted structure change in AKT2 due to AKT2 p.Pro50Thr. The left plot shows the predicted
structure of wild-type AKT2. The right plot shows the predicted structure of AKT2.Thr50.
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Supplementary Figure S9.

A. General linear analysis B. Assay:Insulin interaction
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In vitro kinase (IVK) assay. A. Results of a generalized linear model (GLM) applied on rescaled raw
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data. The relative substrate phosphorylation values were generated by dividing each value in each round
of analysis with the value for nonstimulated, serum-starved AKT2. A first GLM (“Round” model) was
analyzed including the Round as variable; the three independent rounds were not significant: we used
them as replicate in the Full model. The plots represent the GLM estimates (and 95% CI) in the Full
model for the two significant interactions: B. Assay:Insulin. C. Assay:Variants. For the Glycogen
Synthase Kinase 3 B (GSK3p), the different AKT2 variants show significant relative phosphorylation
(pairwise comparison p-values from contrast analysis reported in inset table). For GST-GSK3 peptide,
none of the AKT2 variants showed different relative phosphorylation values. * P < 0.05, ** P < 0.01,
**% P <0.001. DF: degrees of freedom, F: statistic testing the importance of the grouping term, Pr(>F):
P value of the F statistic.
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Supplementary Figure S10.
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Phosphorylation of AKT2 activation sites in HuH7 liver cells (A) HuH7 cells cells were infected
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with lentiviral control, V5-AKT2, V5-AKT2-Lys17, V5-AKT2-Thr50, V5-AKT2-Lys208, V5-AKT2-
His274, V5-AKT2-Trp467, blasticidin selected and starved for 18 hr (white bar), and stimulated for 20
min with 100nm insulin (grey bar). V5-tagged AKT2 was isolated from cell lysates with anti-V5 agarose
beads and immunoblots (IB) were probed with indicated antibodies. (B) Phosphorylated AKT2 Thr308
and Ser473 were quantified and normalized to total by V5-AKT2. (C) Linear model for the statistical
analysis of quantified pAKT2. The “Round” model tests for significant differences between the three
rounds of analysis. The Full model examines significance of assay (V5, pAKT2 T308 and pAKT2 S473)
and variants (AKT2, AKT2.Lys17, AKT2.Thr50, AKT2.Lys208, AKT2.His274 and AKT2.Trp467) and
their interactions. * P < 0.05, ** P <0.01, *** P <0.001. DF: degrees of freedom, F: statistic testing the
importance of the grouping term, Pr(>F): P value of the F statistic.
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Supplementary Figure S11.
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Time-course analysis of AKT2 phosphorylation (A) HeLa cells were infected with lentiviral V5-
AKT2, V5-AKT2-Thr50, or control pLX304, blasticidin selected and starved for 18 hours and then
stimulated for 0, 2, 60, and 240 minutes with 100nm insulin. V5-tagged AKT2 was isolated from cell
lysates with anti-V5 agarose beads. Immunoprecipitated (IP) V5-AKT2 and whole cell lysates (WCL)
were immunoblotted (IB) with the indicated antibodies. Immunoblots are representative of three
independent replicates. (B) Quantification of the three replicates of indicated immunoblots relative to
total V5-AKT2. (C) Linear Model (LM) statistical analysis across all three independent replicates. Error
bars represent the standard deviation (SD). * P <0.05, ** P <0.01, *** P <0.001.
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Supplementary Figure S12.

A. General linear analysis B. Round:Variants interaction
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Proliferation assay. A. Results of a generalized linear model (GLM) applied on rescaled raw data
(absorbance value) to test for significant difference in proliferation between the three rounds of analysis,
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the three variants and an interaction between round and variants. The rescaling was performed by
dividing all the values in each round by the average absorbance in controls. The plots represent the GLM
estimates (and 95% CI) for the B. Round:Variant interaction and individual variables: C. Round and D.
Variants. * P < 0.05, ** P < 0.01, *** P < 0.001. DF: degrees of freedom, F: statistic testing the

importance of the grouping term, Pr(>F): P value of the F statistic.
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Supplementary Figure S13.
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AKT2 expression in human tissues. A. Boxplot displaying the level and distribution of AKT2 gene
expression (in reads per kilobase per million mapped reads, RPKM) in 44 human tissues available in the
GTEx RNA-seq data. B. Box plot of the expression (in RNA-seq reads) of the AKT2 exon of affected by
the p.Pro50Thr variant. Read counts are not normalized by the total number of reads per sample,
resulting in larger variance in the expression within each tissue. C. Heat map of expression patterns of
the 28 AKT2 transcripts in the GTEX tissues, as annotated in Gencode version 12. Intensity of color in
each cell represents the expression of the transcript in that tissue; white indicating no expression, and red
indicating higher expression. D. Visualization of the transcript structure of AKT2 (Gencode v12). The
affected exon, highlighted with the red dashed line, is included in the majority of the AKTZ2 transcripts
and in all the three most highly expressed transcripts. The tissues are presented in the same order across
panels A-C, and colored similarly in panels A and B. Tissue abbreviations are listed in Supplementary
Table8.
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Supplementary Figure S14.
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Supplementary Figure S15.
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Expression analysis with common eQTL SNP and AKT2 p.Pro50Thr. Top left plot: The regional
association plot of variants in theAKT2 region testing association with AKT2 expression. The SNP
showing the most significant signal in this plot, rs8104727, is a proxy for rs11880261 (12 =1, D’
the 1000 Genomes phase 3 Finnish sample). Top right plot: observed AKT2 expression levels for the
two AKT2 p.Pro50Thr genotypes observed in the METSIM cohort. Bottom table: eQTL statistics and
reciprocal conditional analysis with the two SNPs: rs8104727and AKT2 p.Pro50Thr. The “Beta
conditional” and “P conditional” columns highlight the associations with AKT2 expression after

conditioning on the other SNP.
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Supplementary Table S1.

Details and characteristics of studiesincluded in the analysis.

Supplementary Table S1A. Study details including references, ascertainment, sample QC, variant QC and association covariates.
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Supplementary Table S1B. Sample characteristics of the studies contributing to the analysis.

Ancestry [Finnish) [Finnish] [Finnish] [Finnish] [Finnish] [Finnish] [Danish] [Danish] pean [UK] poan [UK] pean [UK] pean [Finnish]
The Finnish Diabetes | The Dose Responses [, o |Finland-tnited Stales byytabolic Syndrome in Genetics of Diabetes e
Study FIN-D2D 2007 Pravention Study o Exercise Training FINRISK 2007 @ L Health2006 Interdd Vajle Blobank Audit and Ressarch Twins UK [Oxford BloBank (DBB)| Pivus and Ulsam Diabetes (PPP)-Botnia
(oPs) (DR's EXTRA) Study | 519 ! (METSIM) Tayside (GoDARTS) (PEF)
s"‘“"“::m:""“" # availasle 2132 328 62 845 1414 588 3am 5548 419 802 701 4513 1850 451
”'“:‘;gf‘r"““m“‘;‘f“' F: 8,79 (0.45) 15806 (0,59 F.5.48 (0.47) F:5.58 (0.30) Fi 522 (0,48} F 00 - 5,31 (0.52) F:5.28(0.47) F: 507 (0.32) F- 4,81 (0.45) Fr 471 (0.58) F: 511 (0.41) F:4.96 (0.56) F: 524 (0.54)
M- 6.04 {0.43) M. 5.83 (0.54) M: 5,68 (0.48) M: 571 (0.27) M: 537 (0.48) M: 5.72 (0.48) M: 5,58 (0.51) M. 5.58 (0 48] M:5.19(0:3) W: 4,98 (0.48) M: 4.88 {D.64) M:5.41 (0,45} M- 5.26 (0,58} M: 529 (0,56)
# Famales (%) 1154 (54.13) 224 (66.20) 448 (72.03) 328 {59.74) 653 (46.18) 0 (0.00) 1459 (43.3) 2626 (47.3) 147 {33.5) 369 (46.01) 582 (83.02) 2474 (54.82) 444 (23.88) 2448 (0.54)
Mean age (5D), years F: 58,76 (8.23) F: 55.08 (7.19) F.66.20 (532 F B38T (T50) F: 8265 (7.70) F.000) F: 4785 (12.32) F: 45,45 (7.91) F: 85 (12.5) F: 87,07 (11.09) F-44.13 (12.98) F 4157 (5.98) F: 7026 (0.15) F-48.73(1567)
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Maan BMI (SD), kg'm® | F: 27,00 (4.06) F:31.78 (4.88) Fi27.23{4.66) F:30.08(4.91) Fi26.52(4.24) F: 040) Fi25.01(4.7) Fi25.46 (4.77) | F:21.75(1.92) F:26.61(4.78) F. 23,75 (4.01) Fi 2544 (480 Fi26.92 (4.70) F:25.85 (4.66)
M. 2681 (374) M 2054 (3.48) A 2725 (3.58) M- 2859 (3 85) M. 2656 (3 45) M. 2685 (383 M263738d) | Mpassiass) | mo2308(147) A 2758 14 05) M2 5 M 26,61 M 2847 (337) - 26,64 (3.75)
W avaunnie (witn W1 2128 328 [F5] BT 1A 6587 3369 5542 [ B0 3513 1887 3532
M“‘(";;:"l‘i“‘ﬂl‘;"m F.579(045) F. 5,86 (0.59) F-5.45 (0.4T) F: 558 (0.30) F:5.22 (0.46) Fo04a) F. 531 [052) F: 5.28 {0.47) F:507{032) F. 481 [0.45) FL4.T1 (D.59) F:5.11{D.41) F: 4.96 {0.56) F:524 (D.54)
M 6,04 (0.42) 5,93 (0.54) M 5688 (0.48) M. ST (0.27) M: 537 (0.49) M ST2(0.48) M558 (0L81) M 5,58 (0.48) M 518 (0.3) M 498 (0.48) M: £ .88 (0.84) M 541 (0.45) M. 526 (0.58) M. 529 (0.56)
# Famales (%) 1152 (54.14) 274 (68.29) 448 (72.03) A28{50.74) 653 (46.18) © (0.00) 1458 (43.3) 2625 (47.4) 147 (33.5) 368 (45.94) 582 (83,02) 2474 (54 82) 444 (23.91) 2447 (0.54)
Mean age (SD), years | F:S8.77 (8.23) F: 55.06 (7.18) F:66.20 (5.22) F:6397 (7.53) F: 62.65 (7.70) F. 040} Farap123t) | F 45487 F: 55 (125} F:57.04 (11.09) | F-44.13(1285) F:41.57 (5.98) F: 70.26 0.15) F:48.73 (15.67)
M: 5047 (8.43) M: 56.10 (7.16) W 6750 (6.38) M: 65,64 {6.49) W: B0.40{8.11) M 5740 (7.24) M 3877 (12.14) | Mo45.84(7.82) | M:iB238 (10.21) M:58.95 (10.80) | M- 4518 (12.06) | M. 42,04 (5.62) W 70.72 (0.67) M: 48.43 (15.56)
Maar BMI (SD), kgim® | F. 27.00 {4.96) F- 31.78 {4,88) F. 27.23 (4,86) F.30.08 (491) F: 26,52 (4.24) F.0{0) F: 25,11 (4.7) F: 2546 (477) | F:21.75(1.92) F: 26.68 (4 78) F- 23,75 (4.01) F. 2544 (4.80) . 26,62 (4.70) F. 25,85 (4.86)
M: 26,61 {3.74) M- 2054 (3.45) M: 27,35 {3.50) M: 2B.59 {3.85) M: 26.56 {3.49) M: 26,80 (3.83) M 26.37(384) | M-265a¢366) | M 23.05(247) M- 27.59 (4.05) M: 23.81 {3.85) M: 26,61 {4.00) M: 26.21(3.37) M: 26,66 {3.75)
# avallaoie 2 306 57 T [EH ) 3370 5337 0 244 0 BE 1853 3452
”“""s{;]‘":rg:l‘;l‘""“ F: 40,90 (20 63) Fi 82,90 (41.28) F-41.66 (26.06) Foa0.74 (21.64) F- 62 18 (31.08) Fi 0 (0) F37.08 (2496) | F:38.73(2622) NA FL 84,16 (31.44) NA Fo04.71 (30.61) F: 50.00 (35.62) F- 846 {6.8)
M: 43,84 (26.76) M: B4.39 (42.06) M: 44,82 (32.07) M:37.02 (19.73) M; 48.27 (30.38) M 50,70 (36.47) M 4078 (28.24) | M 4259 (27.82) A M; 80.97 (55.91) M M: 105,54 (51.87) M:TT.45 (45.29) M:6.16 (7.5)
¥ Famales (%) 1141 [54.05) 214 (80.93) 472 (71.84) 327 {50.67) 632 (47 00} 0 (0.00) 1458 {43.3) 2538 (47 8} NA 127 (52.05) NA 2240 (54.18) 445 (24.02) 2426 (0.54)
Mean age (SD), years | F:S8.75{8.23) F- 54,94 (7.08) F.B6.33(5.21) F:54.02 (748} FiB2.71 (7.80) F.0{0) F 4788 (1232) | Foa54(782) NA F: 58.40 (10.82) HA F: 41,65 (5.99) F:70.26 (0.15) F. 48,69 (15.68)
M: 58.49 (3,45} M:55.77 (7.27) M: 6789 {6.34) M- B5.64 (5,48} M B0.70 (8.11) M. 57,40 (7.24) M 4878 (12.14) | M: 4582 (78) HA M: 50,04 {8.25) HA M:42.11(5.63) M: 70,72 {0.67) M: 48.38 (15.53)
Moan BMI (SD), kgim® | F: 27.01 (4,97} F 31,02 (4,89) F. 2710 (4,66) F: 30.05 (4,86) F; 26,52 (4.23) F:0(0) F:25.01 (4.7) FL25.5 (4.79) NA F: 25.06 (4.29) HA F: 25,46 (4.75) F: 2682 (4.69) F. 2585 (4.66)
M:26.79 (3.73) M: 2964 (347} M: 27,10 {3.58) M: 28 50 {3.85) M 26.51 {3,430 M; 26,86 (3.83) M 2637 (3831 M: 26.58 (3.67) HA M 736 (3.02) A M: 26.58 (3.97) M 26.18 (3.38) M: 2067 (3.758)
® availatie (wih BMT 2007 306 657 =T 1342 G594 3368 5333 i 244 WA EIE] 1851 2t
ma";";;':‘::l‘:“ln Fr 4091 (20.65) F: 82,99 (41.26) F: 41,66 (25.96) F:40.74 (21.64) F:52.18 (33.05) F.o@ Fi37.96 (24.96) F:38.7(252) NA Fi 6415 (31.44) NA Fo54.71(30.61) F:58.00 (35.62) F:B46(66)
M 43.79 (26.74) M: 84,30 (42.06) M: 4482 (32.07) M 37.02 (19.73) M- 48.27 (30.38) M 50.70 (36, 47) M 4076 (28.24) | M.426(27.82) NA M: 80.97 (55.91) HA M 10554 (5197} | mo7Tam a5t M: 8.16 (7.5)
 Famales (%) 1138 (54.06) 214 (69.93) 472 (71,84) 327 {58.67) 632 (47.00) 010.00) 1458 (43.3) 2537 (47.6) HA 127 (52.05) WA 2240 (54.16) 445 (24.04) 2425 (0.54)
Maoan age (5D), years FSATT (B.23) F: 54,68 (7.00) F:B6.33(521) F:B4.02 (748} F:62.71 (7.80) F o0 F-47.9{12.31) F: 4541 (T.92) NA F. 5840 (10.82) MA F: 41.65 (5.99) F: 70026 (0.18) Fo48.69 (15.69)
M: 58.47 (8.45) M- 55.77 (7.27) M: 6780 (5.34) M. 65,64 5.45) M: 60,70 {8.11) M. 57.40 (7.24) M 4BTB(12.14) | M:45.82(7.8) N M- B0.04 (8.25) HA M: 42,11 (5,63) W 70.72 (0.67) M- 48.39 (15.53)
Maan BMI (SD), kg/m® | E:27.01 (4.97) Fo31.62 (4.89) F:27.99 (4.66) F: 30,05 (4.89) F1 2652 (4.23) F. 040) F:28.01(4.7) Fi 255 (4.79) NA F. 2506 (4.25) NA Fi25.46 (478 ;28,82 (469) F: 25,85 (4.66)
M 26.79 (3.73) . 20,64 (3.47) M: 27.10 {3.58) M: 26.59 {3.85) M. 26.51 {3.42) M: 26.80 (3.63) M 26,37 (3.83) | M- 26.58(3.87) HA M: 27.36 (3.02) HA M: 26,58 {3.97) M: 26,22 (3.38) M- 26.67 (3.759)
‘Gena-lavel analysis
vttt # availathe 132 328 622 543 1414 6599 3159 5481 4 801 657 414z 1804 4206
”“:‘s';?"r':?m%'mm 1570 (0.45) 15,86 (0.59) F:5.45 (DT} F:5.58 (0.30} F:5.22 (0.46) Fooym) Fo5.31 (0.51) F:528(047) | Fo508(032) F: 4,81 0.45) FLd.T1 (D.59) F:5.11(D41) F: 4.96 (0.58) F:5.24 (0.55)
M. 6.04 (0.43) M: 5,93 (0.56) M: 5.68 (0.48) MW.5T1 (0.27) M: 537 (0.49) M. 5.72 (0.48) M: 5.58(0.5) M. 5,58 (0.48) M 5,18 (0.3} M 4,88 (0.48) M: 4.87 (0.64) M. 5.41 (0.45) M. 526 (0,58) M; 529 (0,56)
# Famales (%) 1154 (54.13) 224 (68.29) 448 [72.03) 328 {59.74) 653 (46.18) 10.00) 1371 (43.4) 2503 (47.3) 145 (33.6) 368 (46.07) 580 (83.21) 2430 (54.71) 437 (24 22) 2302 {0.55)
Mean age (SD), years | F:58.76 (8.23) F: 55.06 (7,19) F:66.20 (5.22) F:63.87 (7.53) F: 6285 (7.70) FL0{0) F:48.03 (1217) | F:4546(7.91) | F:55.05(1261) F:57.07 (11.09) | F:44.19(1285) F: 4157 (5.99) F: 70.26 (0.15) F:48.7 (15.53)
M: 50,40 (B .44) M: 56.10 (7.16) M: 67.60 (6.38) M: 6564 (6.48) M: 6040 (8.11) M:57.40 (7.24) M: 4887 (12.06) M: 4585 (7.81) M: 6220 (10.26) M: 5892 (10.80) M: 4508 (12.12) M: 4208 (5.61) M: 7072 (0.67) M: 4836 (15.58)
Mean BMI (SD), kgim® | F. 27.00 (4.96) F-31.78 (4.58) F. 2723 {4.86) F: 30,08 (4.91) F: 26,52 (4.24) F. 0{0) F:25.13(4.75) | F-2547¢477m) | Fo2173018) F-26.61 (4.78) F. 23.76 (4.01) F: 2543 (4.81) F:26.83(471) F: 2587 (4.64)
M: 26.81 (3.74) M. 29.54 (3.46) M 27 25 (3.50) M: 26.59 (3.85) M 26 56 (3 49) M. 26,80 (3.83 M 2636(385 | M 2658i384) | M 23031047) M. 2760 (4.05) M. 2379 {3.82) M: 26,60 {4.00) A 26.18 (3.40) M- 26.59 (3.749)
® avaiabie (with BMI) 2128 328 622 548 14 B5a7 357 5477 431 B0 697 284z 1802 4205
”":‘slg?’:“l‘_“ﬂl‘f:’m F: 578 (045) F: 586 (0.59) F:5.45 (04T} F: 558 (0.30) F: 522 (046} F: 0 (0) F 531 (0.51) F5.28 (047} F: 508032 F: 481 (0.45) Fi 471 (0.58) Fi5.11 (041} F: 4.96 (0,56} F: 524 (0.58)
M. 6.04 (D42) M: 5.93 (0.54) M- 5 68 (0.45) MST71 (D.27) M:5.37 (048} M 5.72 (0.48) M: 5.58 (0.5) M: 5,58 (0 48] M:5.19 (0.3) M: 4,98 (0.48) M: 4,87 (0.64) M:5.41 (D45} M. 5.26 {0.58) M. 5.29 {0.56)
# Fomales (%) 1152 [54.14) 224 {58.20) 448 (72.03) 328 (59.74) 653 [46.18) 0 (0.00) 1371 {43.4) 2502 (47.3) 145 (33.6) 368 (46,00} 580 (83.21) 2430 (54.71) 437 (24 25) 2301 (0.55)
Mean age (SD). years F:58.77 (8.23) F:55.06(7.19) F.66.20(522) F:63.97 (7.53) F.B265(7.70) F.040) F. 48.04 (12.16) F: 4547 (7.91) F.55.05(1261) F:57.04 (11.09) F:44.19 (12.05) F:41.57 (5.99) F:70.26 (0.15) F:48.69 (15.53)
M- 58.47 (8,43} M: 56.10 (7,16} M 6750 {5.36) M. 55,64 (6.42) Wi B0.40 (8.11) M 57.40 (7.24) M 4887 (12.06) | M:45.85(7.81) | M. 62.28 (1D.26) M:58.92 (10.80) | M 4508 (1212) [ M. 4208(581) W: 70.72 {0.67) M: 48.35 {15.58)
Moan BMI (SD), kg/m? | F: 27.00 {4.96) F: 31.78 (4,88) F.27.23 (4 66) F:30.08 (4.91) F: 26,52 (4.24) F: 040) F:25.13(475) | F2sariarny | FatTaney F-26.84 (4.78) F- 2376 (4.01) F:25.43 (4.81) F: 2683 (4.71) F-25.87 (4.64)
M:26.81(3.74) M. 2054 (3.46) M: 27.25 (3.59) M: 2850 {3 B5) M. 2656 {3.45) M 26,86 (3.83) M: 2636 (3.85) M- 36 58 (3.84) M: 3303 (147} M- 2780 {4.08) M: 2379 (3.82) M: 26,60 {4.00) M: 2622 {3.40) M: 2856 (3.749)
¥ avallabie Z 306 657 &1 1342 5546 3158 5272 0 248 0 3075 ) PR —
“‘""‘sgf"p"‘;:l‘:“"" F: 40,90 (20.63) F: 82,99 (41.28) F-41.66 (25.56) Fo40.74 {21.64) F: 82,18 (33.05) F 0(0) Fi37.99 (2495 | F:38.68(2522) NA Fi 84,16 131.44) N F- 84,69 (30 85) F: 50.06 (35.82) F-B.42(6.1)
M: 43.84 (26.76) M: 84.38 (42.06) M: 44,82 (32.97) M: 37,02 (18.73) M- 49.27 (30.38) M- S0.70 {36 4T} M- 40.9{28.46) | M 42.50(27.79) NA M: 80,97 (55.91) HA M: 105555187} | ™:77.50 (4565 M: 802 (7.1}
# Famalas (%) 1141 (54.05) 214 (69,93} AT2 (T1.84) 327 (5.67) 632 (47.09) 0 (0.00) 1370 {43.4) 2508 (47.5) HA 127 (52,08} HA 2204 (54.09) 438 (24.38) 2283 (0.55)
Maan age (SD), years F.58.75 (8.23) F:54.08 (7.00) F:66.33{5.21) F:B4.02 (T.4B) FIB2.71 (7.80) F: 040} F: 48,03 (12.17) F 4541 (7.92) HA F: 56.40 (10.82) LY F: 41,64 (6.00) F:70.26 (0.15) F:48.65 (15.54)
M: 5849 (8.46) M: 8577 (7.27) M 67.88(5.34) M: B5.64 (6.45) M B0T0(B11) M: 5740 (7.24) M:40.9 (28,46} M: 42,56 (27.79) NA M: 60.04 {9.25) NA M:42.15(583) M: 7072 (0.67) M; 48.32 (15.55)
Moan BMI (SD), kgrm® | F-27.01 (4.97) F: 31.92 (4.89) F. 27,19 (4,66) F: 30,05 (4,88) F:26.52 {423 F.0{0) F.25.13(4.75) | F:255104.78) NA F. 25.66 (4.29) HA F. 2545 (4.77) Fi26.84 (4.71) F. 2587 (4.64)
M: 26.79 (3.73) M: 29,64 (3.47) M:27 10 {3.58) M: 28,59 (3.85) M: 26,513 42) M 26.89 (383) M 2637 (385) | M: 2658 (3.85) HA M- 27.36 {3.02) HA M: 26 58 {397) M 26,19 (3.41) M: 26.59 (3 758)
# availavle (with BMI) 2107 306 657 548 1342 554 3158 5268 0 Z44 HA 075 787 70
“"‘";';;"::;’;"‘"" F 40,91 (20.65) F: 82.99 (41.26) F. 41,66 (25.96) F: 4074 (21.64) F: 52,18 {33.05) F: 040 F.37.97 (24.96) | F:38.65(252) NA F: 64,15 (31.44) NA F 8469 (38 65) F: 58.06 (35 82) Fo 42 (6.1)
M 2379 (26.74) M, 84,39 (42.06) M. 4482 (3297) M. 37.02 (19.73) M. 4827 (30.34) M S0.T0 (364T) M. 40.9 (28.48) M 426 (278) HA M. 80,97 (85.91) NA M. 105,55 (51.87) M TT.45 (45.55) M. 8.02(T1)
 Formales (%) 1138 (54.06) 214 (69.93) 472 (71.84) 327 (59.67) 632 (47.08) © (0.00} 1370 (43.4) 2504 (47.5) HA 127 (52.05) HA 2204 (54.09) 436 (24 37) 2282 (0.55)
Mean oge (SD), years | F:58.77 (8.23) F:54.98 (7.09) Fi66.33(521) FLB4.02 (7.48) F:B2.71 (7.80) F.0(0) F:37.97 (24.96) | F.3865(25.2) NA F. 56.40 (10.82) A F: 4164 (6.00) F:70.26 (0.15) F: 48.65 (15,55
M: 58.47 (8.45) M- 55.77 (7.27) M: 6780 (5.34) M. 65,64 5.45) M: 60.70{8.11) M. 57,40 (7.24) M:4BB7 (12.06) | M:4583(7.78) HA M- B0.04 (8.25) HA M: 42,15 (5.63) W 70.72 (0.67) M. 48.32 (15.55)
Mean BMI (SD), kg/m® | F-27.01 (4,97} F:31.82 (4.89) F. 27.19 {4.66) F: 30.05 (4.88) 1 26.52 (4.23) F: 0{0) F:2513(4.75) | F:2551(4.79) HA F. 25.66 (4.20) HA F:2545(477) F:26.84 (471) F: 25.87 (4.54)
M- 26.79 (3.73) - 2584 (3.47) M- 27.10 {3.58) M- 2859 (3.85) M 26.51(342) M. 26,80 (3.83) M- 2637 (3.85) | M- 2658 385 NA M- 27.36 {3.02) N M- 26,58 (3.97) M 26.23 (3.41) M: 2659 (3.758)
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SUPPLEMENTARY DATA

Eaat Avian East Asan Ewropean Ewopean European Ewropean European Eurapaan Bouth Avian South Azan
Ancestry African American | African American Marean] i - 1 Finniah] i) i ity [Finniuh, Suvedish] Hispanic Hispanic UK lan Asana] | 18
Tan Anteia Family
Heart Study, San
Antonie Family
iogpors Pietales & [Finland-United States Study, Votarans
Pake Korea ﬂ“uma"‘- Ashhansal (UA) ‘"*:‘"" Invustigation of Ko, JKTZD o P Staar County, Tenss [London Life Sciences | Smngapore indian Eye
) Madicing Study (AW] itz ooy M Ganetics - |Genatic Epidemiology| M8} Population Study (5L)| Study ($5)
AMETSIM)
1£5) (FUSION) Study Study. and the
g Investigation of
sphropathy and
iatwtan Sty famisy|
“'J‘““ i " waiatie 508 N 550 e 3 v arg %0 320 a4z 1 [ £ WA
i Fi48310.35) NA Fi442(0.37) Fi473(043) Fa89(0.73) Fom F 528(0.30) F50T(038) | FaT2047) Fo510 (0.38) F5.06 (0.5 F 483 [045) F. 5,00 (042) KA
M484 037} A M 444 (041) w495 0 48) w478 (0.75) M. 540032) M. 544 40.38) M6 043 | M ETO(053) M5 1R 033 M: 510 (0.58) M- 482 (0.45) M. 515 (0.38) NA
& Femaies (%) 321 63.19) N 326 (5853 335 (61 02) 191 (57 43} 10.00) 214 88 96) 57 (6333 265 (B2.81) 154 (4289 G2 [55.74) 502 (1182) 80 15.75) KA
Maan age (SO, years | F: 55,81 (11.40) NA FI6291 (352} Fi5792(645) | F:B0.29{14.74) 040} F-63.76 {7.05) F-gaosisdy | Fa0e3p02y | Fesosmoy F- 5189 (14.38) F- 36,42 (3 40) F- 5351 [B.64) A
M. 56,49 11.25) o M 6372 (3.80) wessiret)  |moeseiiien | moserese M62190720) | M.T091(570) | WM E080E00) | M BSST B08) M 40,42 (15.24) M 30,40 (11.10) M. 6314 (0.32) NA
Mosn BUI (5D), sgim? | 32.08 (5.67) NA Fi2419(314) F22830341) | FaeaTian FL 00 F. 2040 {4.44) Faesasn | Fatotesry | FmoEa F- 3180 (7.34) F- 3042 (852) F. 38,26 (4.35) KA
W30 01 05 14) HA A 330 2 8 wzperaze fuwzmzanry | wosezns marangas | maatrian | owane @ 3335 (3851 A 26801454 M 20401533 M 2606 43 381 [
# avalabie twth BMI) 08 A £l EEE) ] arg ] M [TH 148 839 E2] NA
Mg fating glucoss F- 483035 NA FL442 {0.37) F 473043 FL470{0.72) FLO D) F 528035 F.507 038 FL4T3 {048 F5.10 1038 F5.08 087 F- 483 [0.45) F:5.00 042 NA
150}, mmolt 5 A2 {0.37) 043 072 Ll 1039 38 1048y 038 a7 045 - 5.00 [0.47)
M 484 0.32) NA M 444 (0.41) M 455 (0.48) 475 10.76) M. 540032} M. 544038} MoB18 083 | meTogoss M58 [0.33) M:5.15 (0.58) M. 282 (0.48) M. 515 (0.38) NA
# Farmalos (%) 321 18340 A 326 (58.83) 356113 185 (57 28) 0(0.00) 214 (44.96) 5716333 260 (82.54) 104 (4389 86 (58.31) 502 (7182) B0 (15.75) NA
Mhear age (30), years | F-5581(11.40) A FI8291 (352} FIST92(645) | F 8033466 FL00) FL62.78 (7.05) F-B8.95(54%) | F 81170000y | Fesoesod F: 5292 (14.33) F.30.12 (9.40) FL 8351 (B.64) A
M: 5540 {11.25) NA 6172 (180} Msaea s | mrestii1a0) | MosaTease M6219(720) | M T0915.70) | MSaB0@ED9; | A ESST R0 M4BT (14.82) M- 26,48 (11,10 M: 6314 {8.32) A
Mean 841 50), sgm? | F 3290 88T A 24180314} Fozzeaiaar) | Faaariaan F.0.0) Fo28.45 (4.43) Fapapsn | Faosprny | Exmpm F-3088 7.39) F-30. F-28.20 (4.35) A
M 30.01 (514} i M Z310 2 83 mpsazo |weaary | wmoseags mzrasgass) | masiraaz | mamarary | wazspes M_28.38 |4 55) 2040 (532 M. 2606 (3 35) M
T avaiatn £ WA 56 ) £ e i) ] E] 3 = I o h
':;;"m,"‘ F-05.25 (52 50) A 4T 68(35.27) Fazssieor) | Foemessres Fom F5275(2644) | Fodgan(s41s) | Foeassiana0) | Foe2secietn) | Foaoent(odas) F-40.00 (45 84) FL50.76 (34.45) NA
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SUPPLEMENTARY DATA

Supplementary Table S2.

Association results from the discovery phase.

Supplementary Table S2A. Significant (P < 5 x 107) and suggestive (P < 5 x 10°) single variant association results in previously published

regions associated with FI levels or FG levels. The published association statistics are shaded in gray. The association results for each region
in our analyses are presented in the non-shaded rows.
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SUPPLEMENTARY DATA

Insulin
Standard
GWAS Loci Location rsiD Gene Consequence  Protein Change  ETH  Allele  Allele Freg Beta estimate Error P value
1:219644224 rs2605100 NA NA NA 1 A 0.31 -0.019 0.0039 4.5E-07 30825
1:219652033 rs2791552 NA NA NA 1 A 0.32 -0.018 0.0039 8.7E-07 30824
2:27730940 rs1260326 GCKR  missense,splice_region p.L446P 5 T 0.39 -0.021 0.0036 2.2E-10 35380
2:27741237 rs780094 GCKR intron NA 1 T: 0.37 -0.023 0.0038 6.3E-11 30825
2:27742603 5780093 GCKR intron MNA 1 T 0.37 -0.023 0.0038 5.4E-11 30815
2:27801493 rs1919127 C2orf16 missense p.VB85A 5 T 0.73 0.022 0.0047 4.7E-07 26227
2:27801759 51919128 C2orf16 missense pIT74V 5 A 0.73 0.021 0.0040 1.9E-08 35381
2:27851918 rs3749147 GPN1 missense .R12K 5 A 0.25 -0.020 0.0044 5.4E-07 30846
2:165540800 rs12328675 COBLL1 downsiream_gene NA 1 T 0.89 0.029 0.0058 1.66-07 30739
2:165551201 rs7E07980 CoBLL1 missense p.N939D 4 T 0.88 0.031 0.0056 3.1E-09 34278
2:165528876 rs7578326 NA NA NA 1 T 0.38 -0.019 0.0038 4.2E-07 30824
2:227020653 rs7578326 NA NA NA 1 A 0.65 0.023 0.0038 5.8E-11 30823
2:227068080 rs2943634 NA NA NA 1 A 0.34 -0.025 0.0038 7.7E-13 30816
2:227093745 52943641 NA NA NA 1 T 0.37 -0.028 0.0038 1.4E-15 30825
2:227100698 rs2972146 NA NA NA 1 T 0.63 0.028 0.0038 1.1E-15 30818
2:227105921 rs2943650 NA NA NA 1 T 0.62 0.049 0.0083 3.8E-09 6792
5:55806751 rs459193  AC022431.2.1 A
2:27424636 r51395 SLC5A6 missense p.S481F 5 A 0.69 -0.02 0.0036 4.0E-08
2:27550967 51049817 GTF3C2 Synonymous p.P782P 5 A 0.58 -0.02 0.0033 1.4E-07
2:27711893 rs1260327 IFT172 intron NA 1 A 0.52 -0.02 0.0035 2.9€E-08
2:27730940 rs1260326 GCKR  missense,splice_region p.L446P 5 T 037 -0.03 0.0034 3.1E-18
2:27741237 rs780094 GCKR intron NA 1 T: 0.37 -0.03 0.0037 14E-18
2:27742603 5780093 GCKR intron NA £] T 0.37 -0.03 0.0037 8.0E-18
2:27801493 51919127 C2orf16 missense p.VB85A 5 T 0.72 0.02 0.0043 2.6E-07
2:27801759 51919128 C2orf16 missense pI774V 5 A 0.72 0.02 0.0037 6.0E-10
2:27851918 rs3749147 GPN1 missense p.R12K 5 A 0.25 -0.02 0.004 7.7E-09
2:28344285 rs12104449 BRE intron NA 1 A 0.1 -0.03 0.0056 2.2E-06
2:27972833 rs4401177 NA NA NA 1 A 0.88 0.02 0.0054 3.7E-06
2:169763148 5560887 G6PC2 intron NA 5 T 0.30 -0.07 0.0036 7.96-87 38339
2:169763262 rs138726309 G6PC2 missense pHI7TY 1 T 0.01 -0.10 0.0193 7.4E-08 34574
2:169764141 rs2232323 GEPC2 missense p.Y207S 3 A 0.99 0.13 o.0227 1.7E-09 35227
2:169764176 rs492594 G6PC2 missense p.v218L 5 c 0.48 0.02 0.0032 1.4E-08 38339
2:169791438 rs552976 ABCBT1 intron NA 1 A 0.35 -0.06 0.0037 5.1E-66 33231
2:169774071 5563694 NA NA NA 1 A 0.65 0.06 0.0037 4.3E-68 33231
5:95728898 rs6235 PCSK1 missense p.S690T 5 c 0.72 0.02 0.0036 2.1E-09 38339
5:95728974 rs6234 PCSK1 missense p.QEESE 5 c 0.28 -0.02 0.0036 2.0E-09 38339
T

5:95539448 rs4869272 NA NA NA 1

068 0.02 00038 B3E07 33231

CDKAL1 intron NA 1 A 0.70 -0.02 0.0038 3.9E-06 33219

£:39046794 b A316T 2 A 0.02 -0.07 0.0139 4.5E-07 36218
715063833 rs10244051 NA NA NA 1 T 0.51 -0.03 0.0035 1.5E-14 33230
7:15064309 152191349 NA NA NA 1 T 0.49 0.03 0.0035 1.3€-14 33231
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SUPPLEMENTARY DATA

Glucose

744183187 152071681 M upstream_gene NA 1 A 0.79 7 0.0044 28E07 33231
7:44223721 1730497 GCK intron NA 1 A 0.14 0.06 0.0052 4.7E-31 33231
744220068 151799884 GCK upstream_gene NA 1 T 013 0.06 0.0064 4.9€-21 24042
744231886 rs6975024 GCK upstream_gene NA 1 T 0.86 -0.06 0.0052 2.2E-31 33228
7:44235668 rs4607517 YKT6 u| m_gena A 1 A 0.14 0.06 0.0052 2.2E-31 33231
7:50730452 rs2715094 GRB10 intron A 1 A 0.69 -0.02 0.0039 6.5E-07 33231
7:50751080  rs10248619 GRB10 intron NA 1 T 0.30 0.02 0.004 BEE-09 33225
750786663 rs2108349 GRB10 intron NA 1 A 061 002 0.0037 5BE-08 33226
7550791579 16943153 GRB10 intron NA 1 T 039 0.02 0.0037 67E-08 33230
7:50756245 1933360 NA NA NA 1 F 068 -0.02 0.0046 13606 23984
T PPPIR3B w8330 T 42003 B3ES 127470

80183358  rs9987289 NA NA NA 1 A 013 0.03 0.0058 3BE07 26841

8:9183596 rs4841132 NA NA NA 1 A 0.13 0.03 0.0054 2.0E-07 33231

89184691  rs6601299 NA NA NA 1 b1 0.14 0.03 0.0055 39E-07 28698

89185146 rs2126259 NA NA NA i T 0.14 0.02 0.0052 34E-06 33230

8:118184783 513266634 SLC30A8
8:118185025 53802177 SLC30A8
8:118185733 511558471 SLC30A8 3

2
2

0.36 -0.02 0.0034 1.6E-11 38338
0.36 -0.02 0.0036 2.5E-10 33230
0.02 0.0036 2.1E-10 33231

gi
2
H

i'l

3

5%
»Hr P

£

—

9:22133284 rs 10965250 NA 0.15 -0.03 0.0058 7.9E-07 22658

9111679940 rs17853166 IKBKAP 82516 0.04 0.0087 3.7E-06 36218

|
~
o
S

g
g

10:113022555 510885117 NA 0.03 0.006 9.5€-07 33211

10:114758349 rs7903146 TCF7L2 intron
11:45878992 rs7945565 CRY2 intron

£
-
o
bl

0.02 0.0042 4.3E-07 33231
0.02 0.0035 1.8E-10 33230

S
=
O e
o

11:47270255 152167079 ACP2 missense
11:47286290 1s7120118 NR1M3 intron
11:47290984 rs1449627 MADD 5_prime_UTR NA
1147298360 15326214 MADD
1147336320 157944584 MADD
11.47354787 151052373 MYBPC3

0.38 0.02 0.0034 1.9-07 38338
0.63 -0.02 0.0037 2.BE-06 33z
0.62 -0.02 0.0036 4.6E-06 33z
0.61 -0.02 0.0033 3.8E-07 38339
077 0.03 0.0043 28E-11 33231

0.02 0.0033 1.1E-08 38337

55

=
§
k-]
m
2
m
s s

o G
gl
3z
AP AAA A A AP P A
2

11:61557803 rs102275 Cltorf10 intron
11:61569830 5174546 FADS1 3_prime_UTR
11:61570783 rs174547 FADST

11:61571478 rs174550 FADS1 intron
11:61597972 51535 FADS2 intron
11:61608750 5174583 FADS2 intron

062 0.02 0.0036 1.5E-07 33231
038 -0.02 0.0037 4.1E07 33231
0.62 0.02 0.0034 2.1E-09 38339
0.62 0.02 0.0037 34E-07 33230
0.62 0.02 0.0036 6.1E-07 33230
0.38 -0.02 0.0036 3.0E-07 33231

$538%3

11:72432985 rs11603334 ARAPT 5_prime_UTR NA 1 A 0.21 -0.02 0.0044 1.5E-08 33231
11:72433098 r31552224 ARAPT ) irimﬂ UTR A 1 A 0.79 0.02 0.0044 1.2E-08 33230
1192708710 rs 10830963 MTNR1B intron NA 1 c 0.69 -0.09 0.0038 2.BE-118 33230
11:02651002  rs7950811 NA NA NA 1 A 0.05 0.06 00087  BBE-11 33231
11:02668626  rs3847554 NA NA NA 1 T 0.43 0.06 00035  16E62 33231
11:02673628 (51387153 NA NA NA 1 T 0.30 0.07 00038  56E76 33231
11:92601532  rs2166706 NA NA NA 1 T 0.60 -0.06 00036 55657 33231
11:02722761  rs1447352 NA NA NA 1 A 0.53 0.04 00035  53E-31 33214
. ceepss stfO7ES? A 08 002 308
1562383185 rsd502156 NA NA NA 1 % 0.50 002 00035  14E-10 33231
1562396389 17172432 NA NA NA 1 A 051 002 00035  38E-11 33231
1562404382 151436955 NA NA NA 1 T 0.28 -0.02 00039 10E-06 33231

%
k-]
g
S
w
N
—
o
]
o
S
5]

20139832628 817265513 0.0039 14E-07 37233
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SUPPLEMENTARY DATA

Supplementary Table S2B. Significant (P< 5x107) and suggestive (P<5x10°) single variant association results that are not in previously
published regions. Results are shown for variants with association P< 5x10° that fall outside the regions of previously published genetic
associations.

Location rsiD Gene Consequence Protein Change ETH Allele Allele Freq Effect Standard Error P value N
Glucose 7:2854547 rs116515234 GNA12 intron NA 1 A 0.98 -0.30 0.07 6.7E-07 508
15:43714320 rs140119148 TP53BP1 missense p.T1278I 1 A 0.002 0.34 0.07 9.0E-07 13286
1:2535397 rs150660153 MMEL1 missense p.E323Q 2 Cc 1.00 -0.24 0.0 1.1E-06 17659
6:43806609 rsB81858 VEGFA NA NA 1 A 0.69 -0.02 0.004 4.1E-06 3azan
19:3754020 rs61731066 APBA3 SYnonymous p.52825 4 c 0.02 -0.16 0.03 4.1E-06 4004
Location rsiD Gene Consequence Protein Change ETH Allele Allele Freg Effect Standard Error P value N
Insulin 19:40762860 rs184042322 AKT2 missense p.PSOT 1 T 0.01 0.12 0.02 1.2E-07 28118
6:43758873 rs6905288 VEGFA downstream gene NA 1 A 0.56 0.02 0.00 4.2E-07 17898
9:116764392 rs143246917 ZNF618 intron NA 1 A 0.99 -0.77 0.14 9.2E-07 507
8:23004629 rs3924519 TNFRSF10D intron NA 5 T 0.56 -0.06 0.01 9.8E-07 4556
6:30414848 rs1362115 HLA-E NA NA 1 T 0.15 -0.02 0.01 1.9E-06 30825
10:116331030 rs3824819 ABLIM1 intron NA 1 T 0.07 -0.28 0.05 2.0E-06 1103
6:30428351 rs2077573 HLA-E NA NA 1 A 0.85 0.02 0.01 2.3E-06 30825
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SUPPLEMENTARY DATA

Supplementary Table 2C. Single variant association results at previously published genome-wide association loci. Each row contains a
previously reported GWAS association with FG level or FI level. Not all previously published SNPs were available for analysis in the exome
array or exome sequencing data (denoted with - for our analyses).

Fasting Glucose Published WES + ExomaArray

Effective Std
rsib Gene BMI PHENO Eff INefi Freg Effect P N Ancestry CITATION Freg Effect Error P N
rs340874 PROXT No FiGh o 0.52 o.o21 B.BE-12 116882 European Dupuis e1al. (Nat Genet 2010) 048 0.0 .00 223802 aEn

Dupuis e al. (Nat Genet 2010); Prokopenko et al. (Nat Genet 2008).
Sabattl el al, (Nat Genet 2008); Kristtansson et al. (Circ Cardiovase Genel

rs560887 GEPC2 Ho FGly ciT o7 0,075 B.TE-218 119169 Europaan 2012); Bouatia ol al, {Science 2008) o7o 0.07 .00 TBBE-BT 38319
31371614 DPYSLS Yes FGluBMiad] TC 025 0.020/ 0022 2.3E-12 06496 Eurapean Manning et al. (Nat Genet 2012)
rsTBO094 GCKR Ho FGlu ciT 082 0,026 5.6E-28 118032 European Dupuis ot al, (Nat Genat 2010); Prokopanko ot al. (Nat Genel, 2008) 063 0.03 .00 1.37E-18 3zn
53736504 MRPL33 Yes FGluBMiad) AlC o27 11E-15 o5487 European Manning et al. (Nat Genet 2012) - N - - -
rsBISEIE Si%3 - Six2 No FGlu (=13 038 0.03% 1.0E-12 17617 Easl Aslan Kim et al. (Nat Genel 2011) - - - = =
811715815 AMT No FGlu T 068 02 4 9E-08 131523 European Scott et al. (Nat Genet 2012) 0.63 0.01 0.00 5.34E-02 38337
s 11708067 ADCYS No FGhu AG 0.78 0.027 TAE-22 118475 Europaan Dupuis o1 al. (Nat Genet 2010) 079 0.02 0.00 1.33E-04 33228
511920080 SLC242 HNo FGlu Tid oar 0.025 B.1E-13 119024 European Dupuis i al. (Nat Genet 2010) 087 o.02 0.0t 4.8TEDS 3n
7651090 IGF2BPZ No FGhu GiA 03 0.013 1.8E-08 104018 European Scott et al. (Nat Ganet 2012 031 0.00 .00 T.51E01 3323
ra7708285 ZBEDY Yes FGluBMiadj GiA 027 0.015 12E-08 117931 European Scolt el al. (Nat Genet 2012) . - . . -
rsdBE92T2 PCSKY No FGiu Tic 068 008 1.0E-15 131872 European Scott et al. {Nat Genot 2012) LR ooz 0.00 B.32E07 azz3t
513179048 PCSK1 FGhuBMiad) CiA 089 0.022/ 0.018 1.6E-10 6496 European Manning et al. (Nat Genet 2012) o070 om am 241ED1 4532
58368222 CDKALY HNo FGhu AC 028 0.014 1.0E-09 128453 European Scott et al. (Nat Genet 2012) - - - - -
rs17762454 RREB1 Yes FGuBMIad) Tc 026 o014 9.6E-09 123247 European Sealt et al. (Nat Genet 2012) . .- . - -
1127065 CAMK28 HNo FGh GiA 049 o008 8.2E-11 11618 ot al. {Circ C Genat, 2012) 059 003 om 5.20E-04 5108
52191349 DGKBTMEM135 HNo FGhu TG 052 0.03 A0E-44 122743 European Dupuis o1 al. (Nat Genat 2010) 049 0.03 0.00 1.25E-14 amn
rsB947830 DGKBTMEM195 No FGlu AG 046 0 14E-13 11616 Europ et al {Circ Ci Genat, 2012) * . - * *
1799884 GCK No FGlu AlG 0.as 0.063 4.5E-18 14211 East Astan Go et al, (J Hum Genet 2013) 013 0.06 oo 4 4E-21 24042
rs3757840 GCK No FGht AC 0.46 0.1 49E-13 11616 ot al (Cire C Genet, 2012) . - . - -
rs6975024 GCK No FGhu CiT 015 0061 20E-99 103517 European Seott et al. (Nat Genet 2012) 0.4 0.06 om 2.25E-31 33228
rsdB075T GCK No FGiu AG 0.16 0.062 B.5E-82 118500 Europsan Dupuis &1 al. (Nat Genet 2010) 014 0.06 om 2.25E-11 Jazn
rs6943153 GRB1D HNo FGhy TG 034 0S5 16E-12 131795 European Scott ot al. (Nat Ganet 2012) 039 002 0.00 GEEE-08 33230
rs511558471 SLC30A8 No FGhi AG 088 o.027 26E-11 45996 European Dupuis et al. (Nat Genet 2010) 0.64 ooz .00 2.08E-10 aEn
rsUA3300 PPPIRIB No FGu TG 012 0.026 6.3E-15 127470 European Secott et al. (Nat Geanet 2012) - - - - -
rsd841132 PPPIR3B FGluBMind] AG ot 0.027/0.030 7.6E-09 06496 European Manning et al. {Nat Genet 2012) 0.13 0.03 om 1.96E-07 3N
rs2126259 FPPP1RIB HNo FGlu Tic o1 0.51 B.3E-15 124740 Europaan Scolt ot al. (Nat Genet 2012) 014 ooz 001 3.38E-08 33230
516913663 IKBKAP No FGh TG 087 0.043 3.5E-11 125115 European Scott et al. (Nat Ganet 2012} 098 0.04 om T ABE-05 28687
3829100 DNLZ No FGlu GiA orn om7 1.1E-10 115310 European Scott et al. (Nat Ganet 2012) 068 001 0.00 1.24E02 33229
rs10811661 CDKN2B No FGhu Tic 0.82 0024 56E-18 128488 European Secolt et al. (Nat Genel 2012) * T - * L
rsT034200 GLIS3 No FGh AT 049 004 1.0E-12 106250 European Dupuis & al. (Nat Genet 2010) 048 0.0 0.00 4.89E04 373
rs10885122 ADRAZA Ho FGhu GIT 087 0.038 2.9E-168 118410 European Dupuis et al. (Nat Genat 2010) 087 0.02 0.0 T.88E05 33230
4506565 TCFFL2 No FGhu TiA o3 0.023 1.2E-08 46181 European Dupuis et al, (Nat Genet 2010) 026 0.02 0.00 9.85E-06 33230
ra7903146 TCFrL2 No FGRy cT orz -0.022 2.7E-20 127477 European Seolt et al. (Nat Genet 2012) orr 0,02 0.00 4 MEOT 3N
511805924 CRY2 No FGlu AT CEL] o022 1.0E-14 116479 Eurapean Dupuis @ al. (Nat Genet 2010) 052 ooz o 3.4G6E-04 BrTZ
rsT944584 MADD Ho FGlu AT 075 0025 2.0E-18 1ara European Dupuis ot al, (Nat Genat 2010) orr 0.03 0.00 262E-11 3zn
rs1483121 OR451 Yes FGBMIad) GiA 088 0.029/0.015 1.6E-08 06496 European Manning et al. (Nat Genet 2012} o.87 0.0 om 1.75E02 28682
5174550 FADS? No FGlu TG 064 0.022 1.7E-15 118908 European Dupuis et 81, (Nat Genet 2010) 062 ooz 0.00 337EQ7 33230
511603334 ARAPY No FGuBMiad| GiA 083 0.022/0.030 24E-14 06496 European Manning et al. (Nal Genet 2012} o079 o.o2 0.00 1.55E-08 3z:
rs11603334 ARAPY No FGhu GiA g G:o 0019 1.1E-11 128138 Europaan Scott ot al. (Nat Ganet 2012} o7e ooz 0.00 1,55E-08 amn
.450-
rs2 166706 FAT3 - MTNR18 HNo FGlu GiA 0.462 005 2.1E-09 6778 South Asian Chambaers at al. (Diabeles 2008) 0.40 0.06 0.00 5.48E-57 ki )
510830962 MTNR1B No FGhi Gt 04 012 5.0E-16 11616 ot al. {Circ Ci Genat, 2012) ™ - . £ =
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SUPPLEMENTARY DATA

Fasting Glucose Published WES + ExomeArray

Effoctive Std
rsiD Gene BMI PHENOD Eff INoff Freg Effoct P N Ancestry CITATION Freg Effect Error 4 N
510830962 MTNR18 Mo FGlu CiG 0531 0.0 4. 8E-13 14081 EastAsian Go el al. {J Hum Genet 2013) N = b - ¥
510830963 MTNR1B Mo FGlu GiC 0.205 0.048 A.TE-0B B15 Hispanic Comuzzse at al. (PLoS One 2012) 0.31 0.09 0.00 2.T9E-118 33230
510830963 MTNR1B Mo FGlu GiC 03 0078 5.BE-175 112844 European Dupuis et al. (Nat Genet 2010); Prokopenko et al, {Nat Genet, 2008) 031 0.09 0.00 2.79E-118 33230
rs2657879 GLS2 Yes FGIluBMiad) GiA 0.18 0.018 3.9E-08 123247 European Scolt et al, (Nat Genet 2012) D18 0.00 0.00 1.87E-01 38330
82074356 C12orf51 Mo FGlu TiC 0.189 -0.061 6.0E-14 14183 East Asian Go et al. {J Hum Genet 2013) = = = - =
510747083 P2Rx2 Mo FGlu AIG 0.66 0.013 7.6E-08 127111 European Scott et al. (Mat Genat 2012} 064 0.01 0.0t 1.89E-02 16158
511619319 PDX1 No FGlu GiA 023 0.02 1.3E-15 132996 Eurcpean Scott et al. (Mat Genet 2012) 024 0.02 0.00 T.72E-08 33226
522036841 PDX1 No FGIuBMiad] AG 022 0.019/0.016 5.3E-10 06496 European Manning et al. (Nat Genet 2012} - - - - -
rs5T66T4 KL Mo FGlu GiA 015 o7 2.3E-08 131858 European Scott et al. (Mat Genat 2012} 014 0.02 oo 148E-03 28601
53783347 WARS Mo FGlu GIT 0.79 o017 1.3E-10 132544 European Scott et al. (Mat Genat 2012) ore 001 0.00 1.01E-03 33231
811071657 C2CD4B No FGlu AIG 0.63 0.021 3.6E-08 114454 Eurcpean Dupuis et al. (Nat Genet 2010) 0.64 0.01 0.00 1.01E-03 33230
32302593 GIPR No FGlu CiG 0s 0.014 9.3E-10 116141 European Scott ot al. (Nat Genet 2012) 0.53 0.01 0.01 4.T4E01 5108
6113722 FOxA2 Mo FGlu GiA 0.96 0.353 2.5e-11 123665 Eurgpean Scott et al. (Mal Genet 2012) 096 o0.02 o.m 1.12E-02 33z2:
rsB04B2056 FOXxA2 No FGluBMIlad| AIG 0.95 0.040/0.029 1.6E-12 06496 Eurcpean Manning et al. (Nat Genet 2012} = # - =

Adrican

0.037- Amarican +
151209523 FOXxA2 Mo FGlu TIC 0.391 2 22E-11 14853 Eurcpean Xing et al. (Am J Hum Genat 2013) - = * - -
rs6072275 TOPt Mo FGlu AIG 0.6 0.016 1.7E-08 128618 European Scott et al. (Mat Genet 2012) 020 0.02 0.00 6.06E-05 3323
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SUPPLEMENTARY DATA

Fasting Insulin Published _ WES + ExomeArray
Effective Std
rsiD Gang BMI PHENO Eff INeff Freg Effect ld N Ancestry CITATION Frag Effect Error [ N
rs2820436 LYPLALY Fins CiA 067 0015 4.4E-08 104044 European Scott et al. (Nat Genel 2012) . * . # e
rs2TESS80 LYPLALY Yes FinsBMiad) Tic 067 0.016/0.017 2.0E-08 83118 Eurapean Manning at al. (Nat Genet 2012) 0.66 0.0 0.00 J4E-02 7
154846565 LYPLALT FInsBMiad) GiA 0.67 0013 1.8E-09 99014 European Scott ot al. (Nat Genet 2012) - - - - -
rs7E07TE0 GRB14 Yes FlnsBMiad) T 0.88 0.023/0.039 4.3E-20 83118 European Manning et al. (Nal Genel 2012) 0.88 0.03 001 31E-09 34278
31530558 YSK4 No Flns. TG 0.52 0.015 3.4E-08 107281 European Scoft el al. (Nat Genet 2012) - n - - -
rs10195252 GRB14 Fins T 0.5% 0.016 4.9E-10 99126 Euwnopean Scott et al. (Nal Genet 2012) 0,860 0.02 0.00 3.0E-05 21680
510185252 GRB14 Yes FinsBMlad) TiC 06 o017 1.3E-18 a88e7 European Scott et al. (Nat Genet 2012) 0.80 0.02 0.00 3.0E-05 21680
rs2943634 IRST Yes FlnsBMladj CiA 0.66 0.018/0.025 25E-14 83116 European Manning et al. (Nat Genel 2012} 0.66 0.03 0.00 TTE-13 30818
rs2943645 IRS1 FinsBMiad) TG 083 o.oe 23E-19 99023 Eurapean Scott o1 al. {Nat Genet 2012) » = -
rs3672143 IRS1 Flns GIA 062 0.014 3.2E-08 99565 European Scott ef al. (Nat Genst 2012) - -
780094 GCKR Na Flns (=13 0862 0.015 3.6E-20 96126 European Dupuis e1 al. (Nat Genet 2010) 083 0.02 0.00 6.3E-11 30825
517036328 PPARG Yes FinsBMiad) Tic 086 0.021 3.6E-12 o84a7 European Scott et al. (Nat Genet 2012) - - -
974801 TET2 FinsBMlad] Gia 0.38 0.074 3.3E-11 103488 European Scott et al. (Nat Genat 2012) . * - * e
58884482 TET2 No Flns cT 0.39 ooy 14E-11 108420 Eurapean Scott et al. (Nat Genet 2012) 039 0.01 0.00 8TE-03 26330
54691380 PDGFC FinsBMiad) T 067 00160021 5.3E-09 83116 Europaan Manning el al. (Nat Genel 2012} om oo 0.00 2.3E-03 30825
rs6B22802 PODGFC Yes FlnsBMiad) MG 0.68 0014 2.8E-10 103432 E:momn Scott et al. (Nal Genet 2012) (i) 0.0 0.0 33E-02 17280
ncan
rs17046216 SC4AMOL Ne Fins AT 048 018 1.7E-08 1497 Am::man Chen et al (Hum Mel Ganet 2012) = &
rs3822072 FAM13A Yes FlnsBMlad) AG 0.48 o.012 1.8E-08 99077 European Scott ef al (Nat Genet 2012)
rsdBESTO6 ARL1S No Flns AG 067 0.015 2.1E-08 100001 European Scott et al. (Nat Genet 2012)
rs4865796 ARL1S FlnsBMlad) AG 067 0.015 22E-12 98314 European Scott et al. (Nat Genet 2012) = =
ANKRDSSMAP3
rs450193 K1 Yes FlnsBMiadj GliA 0.73 0.015 1.1E-12 103378 European Scatt el al. (Nat Genet 2012) 0.7 002 0.00 1.5E-06 30825
2745353 RSPO3 Na Fins Tic 0.51 0.014 5.5E-00 104075 Euwnopean Scott et Al (Nal Genet 2012) o052 0.01 0,00 3TE-03 30825
rs6912327 UHRF1BP1 FinsBMlad) Tic oe 0017 2.3E-08 80010 European Scott et al. (Nat Genet 2012) - > - + -
54846549 UHRF1BP1 Yes FinsBMlad] TiG 075 0.014/0.020 3.7E-0B 83118 Euwropean Manning et al. (Nat Genet 2012} orr 0.01 0.00 T.5E-02 30a24
rs1167800 HiP1 No Fins AG 0.54 0.Me 2.6E-09 0927 Eurapean Scott et al. (Nat Genet 2012) 0.55 0.0 0,00 TAE-02 30azs
rs883309 PPPIRIB FinsBMlad) TG 0z o022 1.2E-12 99024 European Scott et al. (Nat Genel 2012) . . - .
983300 PPPIR3E Flns TiG 012 0.029 3.BE-14 103030 European Scott et al. (Nat Genet 2012) = - = = =
rsa841132 PPPIR3E FinsBMlad) AG 0.1 0.021/0.031 1.7E-10 B3116 Eunopean Manning et al. (Nat Genet 2012} 0.13 0.02 0.01 1AE-04 30825
52126259 PPPIR3B Yes FinsBMlad) Tic o 0.024 3.3E-13 89021 European Scott et al (Nat Genet 2012) 0.14 0,02 0.01 22E-04 0824
rs7803148 TCF7L2 Nao Fins c 072 o.oie 61E-11 103037 European Scott et al. {(Nal Genet 2012) oFT 0.01 0.00 2.8E-03 30825
African
rsTO77836 TCERGIL No Flns TG oaz2 D28 7.5E-08 1497 Amasican Chen et al {Hum Mol Genet 2012) . - . L] .
rs3I5TET 1GF1 No Flns GIA 0.85 0.028 33E-08 94590 Eurapean Dupuis et al. (Nat Genet 2010) 081 001 0.00 6.1E-04 30825
rs1421085 FTO No Fins. T 0.42 o0.02 1.9E-15 104062 Europesn Scott et al. (Nal Genet 2012) 041 0.00 0.00 57E-01 30825
5731830 PEFD Yes FinsBMlad) Gia 034 0.015 5.1E-12 103252 European Scott et al. (Nat Genet 2012) 0.34 0.02 0.00 6.TE-05 30azs
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SUPPLEMENTARY DATA

Supplementary Table S2D. Significant and suggestive gene based association signals. Results for all data and mask

for any gene that attains exome-wide significant (** P<2.5x10°) or exome-wide suggestive levels (* P<2.5x107).

combinations are shown

Fasting Insulin PTV+missense PTV+NSpad PTV+NS.ict PTV-only
MAC MAC
MAC MAC P value (No. {No. P value P value
Gene Ancestry (No. vars) P value SKAT P value Burden (No. vars) P value SKAT Burden vars) P value SKAT P value Burden vars) SKAT Burden
AKT2 AfrAm 1 0.67 0.67 1 0.67 0.67 - 3 E 5 H s
19913.1-q13.2 E.Asian 5 0.33 0.15 5 0.33 0.15 o 0.65 0.65 - -
Europ 31 0.53 0.31 Kl 0.53 0.31 - - - - - -
Hisp I 0.42 0.13 7 0.42 0.13 - - - - -
S.Aslan 2 0.86 0.83 1 0.6 0.6 - - - - - -
WES (all) 46(386) 06 0.051 45(33) 0.57 0.052 0(5) 085 0.65 . + :
ExArray 398(4) 6.10E-07 3.60E-06 398(4) 6.10E-07 3.60E-06 - - - - - -
WES {all) + ExArray 444 0.00056 7.30E-06 443 0.00048 7.50E-06 0 0.65 0.65 - - -
NDUFAFT AfrAm 15 0.25 0.92 7 0.29 0.24 2 0.35 0.29 - - -
15q11.2-g21.3  E.Asian 12 0.4 0,96 6 0.62 0.51 4 0.54 0.4 - - -
Europ 36 9.60E-05 4.10E-05 35 9.90E-05 0.0001 &3] 9.30E-05 9.30E-05 - -
Hisp 18 0.056 0.011 14 0.045 0.0058 5 0.033 0.011 - - -
S.Asian 10 0.44 0.32 1 0.2 0.2 - - - - -
WES (all) 91(58) 6.10E-05 0.0001 63(38) 6.20E-05 9.20E-07 42(14) 7.60E-05 2.20E-06 0(2) 0 0
ExArray 555(9) 0.02 0.094 535(6) 0.021 0.044 418(2) 0.017 0.018 7 . .
WES (all) + ExArray 646 1.50E-05 0.00019 598 1.60E-05 2.30E-06 460 1.50E-05 1.10E-06 - - -
ALPK1 AfrAm 42 0.83 0.7 30 0.89 0.26 5 0.3 0.059 3 0.26 0.1
4025 E.Asian 82 0.85 0.26 55 0.63 0.4 32 0.85 0.84 23 0.68 0.69
Europ 59 0.25 Q.77 93 0.46 0.97 51 0.73 0.7 5 0.36 0.2
Hisp 43 0.73 0.44 41 0.49 0.85 14 0.16 0.13 3 0.39 0.39
5. Aslan 26 0.036 6.50E-06 22 0.033 1.70E-05 14 0.24 0.011 4 0.16 0.017
WES (all) 252(158) 0.65 0.062 241(105) 0.55 0.014 116(36) 0.7 0.071 38(186) 0.6 017
ExArray 5514(26) 0.87 0.75 3237(17) 0.74 0.76 281(4) 0.9 0.83 + * +
WES (all) + ExArray 5766 0.86 0.27 3478 0.7 0.15 407 0.9 0.36 38 0.6 017
ZBTB10 AfrAm 2 0.56 0.37 2 0.56 0.37 - - - - - -
Bg13-q21.1 E.Asian S 0.18 0.26 5 0.18 0.26 - - - - - -
Europ 7 0.87 0.95 7 0.97 0.95 - - - - - -
Hisp 20 0.82 0.64 18 0.74 0.53 2 0.92 0.92 - - -
S.Asian 5 0.45 041 3 0.21 0.46 V] 0.73 0.73 - - -
WES (all) 39(44) 0.86 0.41 35(34) 0.76 0.39 2(4) 0.92 0.91 - -
ExArmray B46(5) 7.40E-06 1.90E-05 646(5) 7.40E-06 1.90E-05 - - - - -
WES (all) + ExArray 685 0.011 0.0011 681 0.0051 0.00094 2 0.92 0.9 - - -
FLCB3 AfrAm 15 0.0061 0.00012 1 0.0078 2.10E-05 5 0.0072 0.00056 1 0.0056 0.0056
1113 E.Asian 24 0.13 0.2 19 0.12 0.6 7 0.16 0.99 - = -
Europ ir 0.59 0.86 65 0.57 0.84 3 0.074 0.093 1 0.9 09
Hisp 36 0.23 0.62 32 0.19 0.54 2 0.86 0.59 - - -
S.Asian 19 0.65 0.48 15 0.45 0.29 4 0.97 0.62 - - -
WES (all) 173(121) 0.27 0.35 144(87) 0.23 0.18 21(27) 0.02 0.1 2(2) 0.024 0.043
ExArray 730(12) 0.64 0.84 668(6) 0.67 0.82 8(1) 0.58 0.58 - - -
WES (all) + ExArray 903 0.42 0.67 812 0.42 0.48 29 0.093 0.23 2 0.024 0.043

©2017 American Diabetes Association. Published online at http://diabetes.diabetesjournals.org/lookup/suppl/doi:10.2337/db16-1329/-/DC1



SUPPLEMENTARY DATA

Fasting gl PTV PTV+NSg00 PTV+NS, it PTV-only
MAC MAC
MAC MAC P value (No. (No. P value P value
Gene Ancestry (No. vars) P value SKAT P value Burden (No. vars) P value SKAT Burden vars) P value SKAT P value Burden vars) SKAT Burden
GEPC2 AfrAm 17 0.11 0.42 13 0.043 0.29 5 0.17 0.78 2 0.21 0.083
2243  E.Asian 26 0.26 0.1 21 0.2 0.022 4 0.1 0.034 3 0.18 0.18
Europ 93 0.23 0.11 90 0.22 0.14 69 0.2 0.16 7 0.63 0.63
Hisp 23 0.2 0.24 22 0.19 0.7 21 0.19 022 5 0.048 0.53
S.Asian 1 0.059 0.053 9 0.046 0.02 &8 0.049 0.047 - - -
WES (all) 170(69) 0.12 0.0028 155(53) 0.1 0.00078 107(19) 0.1 0.01 17(8) 0.22 0.o07
ExArray 1174(15) 1.80E-13 4.10E-16 1129(12) 2.00E-13 1.20E-17 913(4) 3.60E-12 510E-13 71(1) 067 0.67
WES (all) + ExArray 1344 1.30E-09 9.90E-15 1284 8.30E-10 9.60E-17 1020 5.40E-09 1.30E-11 88 0.41 0.23
GIMAPS AfrAm 24 0.49 0.28 19 0.35 0.38 3 0.04 0.055 1 0.0019 0.0019
79361 E.Asian 75 0.58 0.92 38 0.71 0.15 3 0.37 0.15 3 0.37 0.15
Europ 18 0.95 0.54 12 0.75 0.53 4 0.54 0.56 1 0.13 0.13
Hisp 24 0.35 0.88 22 0.3 0.85 [ 0.077 0.068 4 0.048 0.048
S.Asian 10 0.031 0.61 6 0.0096 0.28 3 0.011 0.0022 3 0.011 0.0022
WES (all) 151(87) 0.6 0.43 97(52) 0.47 0.088 19(15) 0.012 0.00013 12(11) 0.0029 2.30E-06
ExArray 240(14) 0.25 0.84 219(7) 0.25 0.77 17(2) 0.29 0.19 - - -
WES (all) + ExArray 391 0.38 072 316 0.3 0.34 36 0.023 0.00065 12 0.0029 2.30E-06
OR451 AfrAm 43 0.69 0.095 18 0.8 0.2 - - - - - -
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SUPPLEMENTARY DATA

Fasting glucose PTV+missense PTV+NSt 009 PTV+NS, i PTV-only
MAC MAC
MAC MAC P value (No. (No. P value P value
Gene  Ancestry (No. vars) P value SKAT P value Burden (No. vars) P value SKAT Burden Vars P value SKAT P value Burden vars) SKAT Burden
11p11.2  EAsian 11 0.032 0.16 4 0.033 0.027 - - - - - -
Europ 19 0.15 0.34 13 0.36 0.87 - - - - - -
Hisp 22 0.21 0.87 15 0.1 0.53 1 0.56 0.56 1 0.56 0.56
S.Asian 20 027 0.057 6 0.16 0.029 - - - - - -
WES (all) 115(75) 0.15 0.0074 56(52) 0.16 0.023 1(3) 0.56 0.56 1(3) 0.56 0.56
ExArray 201(8) 0.00051 3.70E-05 33(5) 0.075 0.036 = - - - - =
WES (all} + ExArray 316 0.0011 3.10E-06 89 0.041 0.0036 1 0.56 0.56 1 0.56 0.56
GEPC AfrAm 1 0.62 0.62 1 0.62 0.62 - - - - - -
17g21 E.Asian 10 0.73 0.41 k) 0.7 0.53 L] 0.49 027 1 074 0.74
Europ 47 048 0.62 46 047 0.52 6 0.048 0.98 1 0.33 0.33
Hisp 16 0.075 0.052 16 0.075 0.052 14 0.088 0.2 12 0.084 0.057
S.Asian 5 0.76 0.71 4 0.63 0.84 = = = = 5 -
WES (all) 79(54) 0.38 0.51 76(48) 0.36 06 26(21) 0.063 0.14 14(5) 0.002 0.034
ExAray 643(7) 1.90E-05 9.30E-06 B43(7) 1.90E-05 9.30E-06 17(3) 0.072 0.077 3(1) 0.0056 0.0056
WES (all) + ExArray 722 0.00086 0.0013 719 0.00076 0.0022 43 0.017 0.039 17 0.0031 0.001
PIK3APT AfrAm 15 0.39 0.87 9 0.47 0.74 0 0.34 0.34 - - -
10g24.1  E.Asian 22 0.42 0.19 10 0.074 0.12 3 0.18 0.36 - - -
Europ 28 0.78 0.84 7 0.25 0.23 0 0.37 0.37 - - -
Hisp 18 0.00018 0.0011 13 0.00049 1.70E-05 11 0.00045 1.40E-05 - - -
S.Asian 1 0.92 0.8 4 0.85 0.3 3 0.8 0.41 - - -
WES (all) 94(68) 0.019 0.054 43(42) 0.00059 0.017 17(15) 0.00048 0.005 - -
ExArray 204(9) 0.85 0.35 96(6) 0.57 0.27 35(2) 0.9 0.68 - - -
WES (all) + ExArray 298 0.23 0.078 139 0.015 0.027 52 0.075 0.068 - -
ZNF44 AfrAm 9 0.0093 0.5 7 0.071 0.084 - - - - - -
19p13.2  E.Asian 1 0.72 0.79 7 0.63 0.41 2 0.16 0.054 2 0.16 0.054
Europ 68 0.002 0.0058 50 0.0024 0.02 3 0.41 0.41 3 041 041
Hisp 14 7.50E-05 0.32 14 7.50E-05 0.32 4 1.40E-05 1.40E-05 4 1.40E-05 1.40E-05
S.Asian 21 0.51 0.004 16 0.54 0.015 1 0.26 0.26 1 0.26 0.26
WES (all) 123(80) 0.00044 0.6 94(56) 0.0002 0.94 10(9) 2.10E-05 0.0086 10(9) 210E-05 0.0086
ExArray 570(7) 0.84 0.88 307(5) 0.77 0.52 - - - - - -
WES (all) + ExArray 693 0.05 0.84 401 0.023 0.88 10 2.10E-05 0.0086 10 2.10E-05 0.0086
OR13A7 AfrAm ral 0.073 0.046 70 0.069 0.072 67 0.06 0.068 62 0.25 0.3
10g11.21 E.Asian K] 0.74 0.75 30 0.64 0.57 - - B - - -
Europ 164 0.16 0.024 180 0.15 0.029 152 0.82 0.82 151 0.77 0.77
Hisp a3 0.31 0.89 87 0.18 0.99 a1 0.1 0.52 80 0.14 0.14
S Asian 24 0.17 0.13 22 0.14 0.13 16 0.15 0.53 15 0.8 0.18
WES (all) 412(58) 0.16 0.89 390(40) 0.12 09 317(6) 0.3 0.57 309(2) 0.45 0.96
ExArray 290(9) 4.30E-05 4.20E-05 257(5) 3.70E-05 1.50E-05 C - < - } A
WES (all) + ExArray 702 0.00024 0.029 647 0.00013 0.021 My 0.3 0.57 309 0.45 0.96
ANKH AfrAm 10 0.65 0.37 10 0.65 037 - - - - - -
5p15.1  E.Asian 4 0.82 0.37 4 0.82 0.37 1 0.95 0.95 - - -
Europ 22 0.16 0.95 16 0.24 04 - - - - - -
Hisp 9 0.55 0.37 9 0.55 0.37 - - - - - -
S.Asian ] 0.74 0.69 ] 0.74 0.69 1 0.53 0.53 - - -
WES (all) 51(46) 0.41 0.27 45(45) 0.61 0.082 2(11) 0.83 0.7 0(4) 0 0
ExArray 371(5) 2.60E-05 0.016 202(4) 1.70E-05 5.70E-06 - - - - - -
WES (all) + ExArray 422 0.0013 0.025 247 0.0031 2.20E-05 2 0.83 0.7 - - -
MAP3KTCL AfrAm 13 0.065 0.052 3 0.2 08 - - - - -
219223  E.Asian 0 0.91 0.91 0 0.91 0.91 - - - - - -
Europ 3 0.38 0.23 2 0.55 0.62 - - - - - -
Hisp 4 0.34 0.59 4 0.34 0.59 1 0.07 o.o7 1 0.07 0.07
S.Asian 3 0.92 0.94 1 0.83 0.83 1 0.83 0.83 1 0.83 0.83
WES (all) 23(24) 0.11 0.1 10(19) 0.42 0.97 2(4) 0.18 0.15 2(3) 0.18 0.15
ExArray 9(2) 1.90E-05 1.90E-05 8(1) 2,00E-05 2.00E-05 - - - - - -
WES (all) + ExArray 32 7.60E-05 7.10E-05 18 0.0012 0.053 2 0.18 0.15 2 0.18 0.15
CDC42BPA AfrAm 16 0.16 0.32 9 0.26 0.36 3 0.09 0.057 1 0.27 0.27
1g42.11  E.Asian 48 0.041 017 38 0.043 0.08 6 0.0007 2.30E-05 - - -
Europ 22 0.79 0.88 18 0.64 0.97 9 0.44 0.93 - -
Hisp 20 0.21 0.49 12 0.24 0.36 6 0.23 0.22 - -
S Asian 23 0.61 075 22 0.61 0.92 3 0.12 0.36 - = =
WES (all) 130(154) 0.078 0.57 100(124) 0.086 0.29 27(38) 0.0025 0.11 1(2) 0.27 0.27
ExArray 111(13) 0.76 0.086 93(9) 077 0.24 17(4) 0.11 03 - - =
WES (all) + ExArray 241 0.31 02 193 0.33 0.19 a4 0.0022 0.11 1 0.27 0.27
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AfrAm: African American ancestry

E.Asian: East asian ancestry

Europ: European ancestry

Hisp: Hispanic ancestry

S.Asian: South Asican ancestry

WES (all): Whole exome sequencing meta-analysis

ExArray: Exome array meta-analysis

WES (all) + ExArray: Whole exome sequencing and exome array meta-analysis

Variant masks:

PTV: containing only variants predicted to introduce a premature stop codon

PTV+NS: containing variants in the PTV group and protein-altering variants with MAF<1%

PTV+NSstrict: composed of variants in “PTV” and protein-altering variants predicted damaging by SIFT, LRT, MutationTaster, polyphen2
HDIV, and polyphen2 HVAR

PTV+NSbroad: composed of “PTV+NSstrict” and NS variants with MAF<1% and predicted damaging by at least one prediction algorithm.
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Supplementary Table S2E. Replication of AKT2 p.Pro50Thr in independent Finnish cohorts and association results in the discovery and
replication studies combined.

Combined Discovery and

Replication Analysis Replication Analysis
Trait Location Gene Protein change MAC P N P N
Fasting Insulin 19:40762860 AKT2 p.P50T 114 0.00054 5747 9.98E-10 25,316

MAC: Minor Allele Count
P: P-value
N: Sample size
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SUPPLEMENTARY DATA
Supplementary Table S3.

Protein altering variation in AKT2. Displayed are all variants predicted to cause a nonsynonymous substitution or alter a splice site in
12,940 samples with whole exome sequencing data. Annotations were obtained using dbNSFP.

' - -
rsiD pos on chri9 Protein 1000 Genomes MAF ExAC MAC MAC cases/  SIFT LRT Mutation  Polyphen Polyphen2 Cancer Monogenic Functional domain
change Observations MAC Taster 2 HDIV HVAR Tissue
controls
- 40771156 pl7v 1 Eur 5.69E-05 6 33 tolerated D [5] BBEB BBB MNA PH domain
5387906659 40762959 E17K - 0 0 ] deleterious D D DoD D.D.D Thyroid; hypoketotic hypoglycemia PH domain
Breast with hemihypertrophy (Arya
2014, Hussain 2011)

- 40762875 p.P455 - 8.23E-06 1 [ tolerated N N BBEB BBB NA PH domain
ra184042322 40762860 p.PSOT 4 Eur 1.01E-03 61 3o9r22 tolerated o o] BBEB B.BB MNA PH domain
- 40761140 p.NT1S 1 Amr 1.98E-04 4 13 tolerated o] D PD.PB F.PBE NA PH domain
- 40761132 p\MT4F - B.24E-06 1 oM tolerated 8] D BBEEB PEBEB NA PH domain
- 40761069 p.E95K - 4.94E-05 1 1/0 deleterious D D DP.DD DB.PP NA PH domain
- 40761059 splice - 8.24E-06 1 10 NA NA MNA NA NA NA PH domain

40748581 p.R101W - 4. 16E-05 1 oM deleterious N D BB BB B.EB.B NA PH domain
- 40748568 p.M105T - 8.29E-06 1 110 tolerated D [¥] BBB.B BEBB NA PH domain
5141209878 40748535 p.G116A 1 Eur 2 64E-04 3 12 tolerated s] N BEBB BEBE NA
- 40748529 p.D118G - B.26E-06 1 o tolerated o] D E.BBB BEBEB NA
- 40748526 pP118L - 8.26E-06 1 on tolerated N D BEBB.B B.EBEB NA
- 40748518 p.Y122H - 4 85E-05 4 212 tolerated N N BB.B.B B.EBB MNA
- 40748517 p.Y122C 1 Eur 1.49E-04 4 202 tolerated N D BEBEBB B.BBE NA
- 40748480 p.E134D - 0 1 oM tolerated o D B.BBB B.BBEB MNA
- 40748470 pM138L - 8.25E-06 1 110 tolerated o D B.B.B.B BEBE MNA
- 40747984 splice - 4 BTE-04 5 2z MNA MNA NA MNA Y A
- 40747892 p.R176C - 2.48E-05 1 o1 deleterious a] D DP.DD DPPP NA Protein kinase
- 40747891 p.RITEL - 1.65E-05 2 11 tolerated D D BEBB BBEBEB NA Protein kinase
- 40747846 pK191R - 3.33E-05 1 110 tolerated NA NA NA NA NA Protein kinase
- 40747837 splice - 2.52E-05 3 12 MNA NA NA NA NA MNA Protein kinase
- 40746015 p.D192E - B.24E-06 1 110 tolerated (8] D DBFPB DBPE NA Protein kinase
rs35817154 40745968 p.R208K - 2.88E-04 4 22 tolerated D D BBEB B.BBB NA Severe IR and acanthosis Protein kinase

nigricans® (Tan 2007)

40744879 p.AZ14V - 2. 49E-05 1 v tolerated D D B.B.B BEB Prostate Protein kinase
- 40744805 splice - 1.65E-05 1 1/0 NA NA NA NA NA MNA Protein kinase
- 40744001 splice - 2.50E-04 2 " NA MA NA MNA MNA A Protein kinase
- 40743973 p.R245H - 2.85E-05 2 mn deleterious D D P.D.D B.P.D NA Protein kinase
- 40743956 p.R251W - o 2 210 deleterious 2] D o.oD oooD CCLE Protein kinase
B 40743953 pA252T - 1.22E-05 2 m tolerated o] D BBB B.EB NA Protein kinase
- 40743887 p.RZ74C - 1.75E-056 2 M deleterious 8] D D.DD DoD MNA Protein kinase
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rslD pos on chrid Protein 1000 Genomes MAF ExAC MAC MAC cases/  SIFT LRT Mutation  Polyphen Polyphen2 Cancer Monogenic Functional domain
change Observations MAC Taster 2 HDIV HVAR Tissue
controls
15121434503 40743886 p.R274H - 0 0 00 deletenious D A DoD opPD NA severe insulin resistance and Protein kinase
diabetes (George 2004)
- 40743872 splice - 1.11E-04 6 42 MNA MA NA MNA MA NA Protein kinase
- 40742207 p.T3065 - 1.40E-D4 5 174 tolerated D n] BB BB NA Protein kinase
glycosylation site

B 40741902 p.Y327C - 0 1 10 deletenous D D D.D.D D.D.D MNA Protein kinase

- 40741915 p.Q353E 8.26E-06 1 0 tolerated D o BB.B BB.B NA Protein kinase

- 40741876 p.E366K 2.49E-05 3 12 tolerated D b] BB.B BB.E NA Protein kinase

B 40741270 splice - 6.70E-05 2 11 MNA NA NA NA NA NA Pratein kinase

- 40741222 P.M404T 8.26E-06 1 o tolerated D D PP.B PB.B NA Protein kinase

- 40741212 p.R407S o 1 on tolerated D (b] BB.B BB.EB NA Protein kinase

- 40741181 pM418F - 8.25E-06 1 1/0 tolerated N () BB.B BBB NA AGC-kinase C-terminal
- 40741176 p.Q419H 8.25E-06 1 0 tolerated N o BBB BBB NA AGC-kinase C-terminal
. 40741058 splice 9.90E-05 2 02 NA MNA NA MA NA NA AGC-kinase C-terminal
- 40741026 p.T431M 2 4BE-05 1 10 deleterious D n] BFPB BBE NA AGC-kinase C-terminal
rs191069336 40730865 splice 9.55E-05 2 11 NA NA NA NA NA NA AGC-kinase C-terminal
- 40739862 spice 8.65E-06 1 10 NA MNA NA NA NA NA AGC-kinase C-terminal
- 40739853 p.5458C 1.71E-05 2 02 tolerated N n] BB BB NA AGC-kinase C-terminal
5142926499 40739826 p.RAGTW - 1.01E-04 1 01 deleterious D o DD PP NA T2D and partial AGC-kinase C-terminal

lipodystrophy* (Tan 2007)
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Supplementary Table $4.
Association of AKT2 p.Pro50Thr with diabetes-related metabolic traitsin Finnish Cohorts.

Supplementary Table S4A. Association with quantitative metabolic traits.

Trait Group Trait N MAF Effect (Std. Err) on inverse- P Padjusted
normalized trait resi

Anthropometric Traits Waist-hip ratio 31966 0.012 0.045 (0.0383) 0.24 1
Waist-hip ratio - females 12445 0.011 0.0822 (0.065) 0.21 1
Waist-hip ratio - males 19521 0.013 0.0299 (0.0473) 0.53 1
Waisl circumference 31970 0.012 0.0354 (0.0384) 0.36 1
Waist circumference - females 12448 0.011 0.0741 (0.065) 0.25 1
Waist circumference - males 19522 0.013 0.0227 (0.0475) 0.63 1
Hip circumference 31972 0.012 -0.00851 (0.0384) 0.83 1
Hip circumference - females 12448 0.011 -0.0254 (0.0648) 0.70 1
Hip circumference - males 19524 0.013 -0.00317 (0.0476) 0.95 1
Body mass index 34597 0.012 -0.0978 (0.0371) 0.01 0.19
Height 34601 0.012 -0.105 (0.0373) 4.7E-03 01

Lipid Traits HOL-C 36923 0.012 0.027 (0.0348) 0.44 1
LOL-C 31045 0.012 0.0604 (0.0372) 0.1 1
Total cholesterol 36939 0.012 0.0926 (0.0348) 0.01 0.18
Triglycerides 31303 0.012 -0.0418 (0.0371) 0.26 1
Adiponectin 10036 0.013 -0.0320 (0.0290) 0.27 1

Glycemic Traits Fasting Glucose 22015 0.011 0.0163 (0.0468) 0.73 1
Fasting Insulin 21792 0.011 0.286 (0.0473) 1.5E-09 3.5E-08
2 hour Glucose 16715 0.0119 0.0717 (0.0952) 0.40 1
2 Hour Insulin 14150 0.0121 0.2337 (0.0435) 7.86E-08 1.8E-06
Matsuda index * 8566 0.012 -0.3448 (0.0709) 1.2E-06 2.BE-05

Blood Pressure Traits Systolic blood pressure 31840 0.012 0.0115 (0.0384) 0.77 1
Diastolic blood pressure 31840 0.012 0.0705 (0.0384) 0.07 1

N: sample size contributing to association

MAF: minor allele frequency

Effect (Std. Err): regression estimate of the additive genetic effect and standard error of the estimate
P: P-value testing the significance of the association

Padjusted: A Bonferroni P value correction for 23 tests was applied
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Supplementary Table $4B. T2D and hypertension association analysis with AKT2 p.Pro50Thr. These analyses was performed in a staged
meta-analysis modeling the approach taken in the discovery and replication of the FI association with AKT2 p.Pro50Thr, with the European
exome sequence data, the Finnish exome chip cohorts and the Finnish replication cohorts.

Genotypes in Cases | Odds Ratio
Outcome Adjustment Controls MAF N (95% Cl) P Padjusted

Type 2 Diabetes BMI 9554/224/5 0.01 32421 1.05 8.10E-05 0.0019
22223/437/2 (1.01, 1.09)

Unadjusted 14180/306/5 0.01 32578 1.05 9.80E-04 0.022
17691/357/2 (1.01, 1.09)

Hypertension BMI 34963/846/12 0.011 53960 1.03 0.3 1

17765/371/3 (0.98, 1.08)

Outcome: dichotomous outcome tested

Adjustment: indicates if BMI was used as a covariate in addition to sex and age.

MAF: minor allele frequency

Odds Ratio (95% CI): odds ratio estimate for increased risk of outcome and 95% confidence interval of the estimate
Padjusted: A Bonferroni P value correction for 23 tests was applied.
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Supplementary Table SAC. Statistics for differences in HbAlc, fasting glucose, and fasting insulin distributions in the sample sub-cohorts
with the AKT2 P50T allele from the T2D-GENES whole exome sequencing data. Here, we provide genotype counts, median values of the
scaled trait value, and tests difference in distributions using the non-parametric Kruskal-Wallis rank sum test and Monte Carlo permutation

test.
Control Group Type 2 Diabetes Group
Monte Carlo
Trait Cohart AKT2 P50T Genotype Median scaled trait Kruskal-Wallis Permutation Test P AKT2 P50T Genotype Median scaled trait value: Kruskal- Monte Carlo Percantile value for
counts: 0/0; 071 111 value: Test P counts: Wallis Test Permutation Test P homazygous carrer
0/0; 0r1; 111 P (1r1)
0/0; 0V1: 11 040 01; 111
HbAlc METSIM 363;10: 0 -0.15; -0.15; NA 0.78 088 465; 18:1 -0.055; -0.06; 0.18 0.28 0.098 95%
Fasting Baotnia 220, 1;0 -0.41; -0.33; NA 0.38 0.52 0;0;0
Glucose FUSION 467,9:0 -0.32; -0.43; NA 0.12 0.12 0:;0:0
METSIM 4886; 12: 0 -0.28; -0.22; NA 0.016 0.071 485; 18; 041060486 0.06 0.002 99.8%
Fasting Baotnia 205, 1:0 -0.35; -0.30; NA 0.82 0.9 000
Insulin FUSION 464,90 1.1; 0.96; NA 0.86 046 0.0:0
METSIM 485 12: 0 -0.49; -0.44: NA 0.32 0.56 465; 18; -0.17:-0.29: 5.3 017 0.017 98.8%

Genotype categories: 0/0 indicates the group of individuals who are homozygote for the reference allele at rs184042322 (C/C); 0/1 indicates
the group of individuals who are heterozygote at rs184042322 (C/T); 1/1 indicates the group of individuals who are homozygote for the
AKT2 p.Pro50Thr allele at rs184042322 (T/T).
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Supplementary Table Sb.

Phenotype exploration of AKT2 p.Pro50Thr carrierselectronic medical records.

Phenotype exploration of AKT2 p.Pro50Thr carriers electronic medical records were queried in two cohorts for diseases plausibly related to
AKT2. The genotype counts for the AKT2 p.Pro5S0Thr variant are displayed for individuals not coded for an outcome (Controls) and
individuals coded for an outcome (Cases). * Other related phenotype outcome included Lipodystrophy (E88.1), Acanthosis nigricans (L83),
and Malignant neoplasm of male breast (C50.*2). No cases were reported for these outcomes in both METSIM and FINRISK. ** ICD 10
codes are used to obtain diagnoses of the phenotype outcome from hospital discharge records or electronic health records.

Genotype counts (GG/TG/TT)

Controls Cases

- . N N — METSIM 8708/215/3 42/1/0

Malignant neoplasm of digestive organs and peritoneum C15-C26 FINRISK 8200/182/1 146/1/0

. S METSIM 8620/213/3 130/3/0

Malignant neoplasm of genitourinary organs C55 — C68 FINRISK 8154/180/1 192/3/0
Malignant neoplasm of female breast C50.1 FINRISK 4167/87/0 70/1/0
Ovaries, polycystic E28.2 FINRISK 4236/88/0 1/0/0
Cyst of ovary, follicular N83.0 FINRISK 4233/88/0 4/0/0

ICD = International Classification of Diseases
OR = Odds ratio

95% CI = 95% Confidence interval

METSIM = Metabolic Syndrome in Men Study
FINRISK = The National FINRISK Study
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Supplementary Table S6.

Aggregatetest of variantsin monogenic gene setsand in the I nsulin Receptor Signaling Pathway.

Supplementary Table S6A. List of the genes in the monogenic gene sets and the Insulin Receptor Signaling Pathway.
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M genic di M Monogenic Monogenic  Insulin Receptor M. genic diabet g M Q) Insuli P
Chr Location Gene classification All Glucose insulin Signaling Pathway Chr Location Gene classification All Gl insulin Signaling Patt

1 1p12 SLC16ATMCTT hyperinsulinsim 1 1 1 1] 4 4q27 BBST 1 1] 1] 0
1 1p21 S1PR1 0 0 0 1 4 dgIt GABT ] 0 0 1
1 1p22 BCL10 0 0 0 1 4 4ag34 CASP3 0 ] 0 1
1 1pH LEPR 1 0 ] 1] 4 4q3541 SORBS2 0 0 0 1
1 1p32 TAL1 0 0 0 1 5 5p12 PRKAA1 0 ] ] 1
1 1p32-p31 JUN ] ] ] 1 5 5p15.33 TERT 0 1] 1] 1
1 1p34 PTPRF 0 0 0 1 5  5g11.1 IsL1 1 0 0 0
1 1p34 YBX1 0 0 0 1 5  5g13.1 PIK3R1 1 1 1 1
1 1p34 ZMPSTEZ4 1 1 1 1] 5 35133 RASA1 0 1] 1] 1
1 1p34.1 PIKIR3 0 0 0 1 5 51521 PCSK1 1 ] ] 0
1 1p36.11 SFN ] ] ] 1 5 Sg:1 SMADS 0 1] 1] 1
1 1p36.2 MTOR o 0 0 1 5 5g32 SPINK1/PST1 1 0 0 0
1 1p36.2 PIK3CD 0 0 0 1 5 5433 HAND1 0 0 0 1
1 1p36.21 CASPY 0 ] ] 1 5 5g351 NFEM1 0 1] 1] 1
1 1p36.33 SKI 0 0 0 1 & Bp21 RUNX2 0 0 ] 1
1 1921 CLK2 0 0 0 1 68  6p211 SRF 0 0 0 1
1 1g21 MGL1 0 0 0 1 6 6p21.2 COKNTA 0 0 0 1
1 1g21 SHC1 0 0 0 1 6 Bp21.31 POUSF1 0 0 0 1
1 1921 THEM4 ] ] 0 1 6 6Bp22a ZFFP57 NDM 1 1] 1] 0
1 1g22 DAP3 0 0 0 1 6 6p25 FOXc1 0 ] ] 1
1 1g22 LMNA 1 1 1 0 6 6021 FOX03 0 ] 0 1
1 19233 SLC19A2 NDM 1 0 0 0 6 6021 FYN ] 0 0 1
1 1g25 NCF2 0 0 0 1 6 6221 RFX6 NDM 1 1 1 0
1 1g25.2-925.3 PTGS2 ] ] ] 1 6  6g22.31 GJAT 0 1] 1] 1
1 1932 PIK3C28 0 0 0 1 6 6q22.33 MAP3KS 0 1] ] 1
2 2p12 EIF2AK3 NDM 1 1 0 0 6 623 S5GK1 0 ] 0 1
2 2p13 ALMST syndromic 1 1 1 0 6 6024-025 PLAGL1 NDM 1 0 0 0
2 2p13 HK2 0 0 0 1 [+ G242 HYMAI MNDM 1 4] 4] 4]
2 2p16.a CCDC88A 0 0 0 1 6 6q25.1 ESR1 0 0 0 1
2 2p2 RHOQ 0 0 0 1 6 6026 IGF2R o} 0 i) 1
2 2p233 POMC 1 0 0 0 6 6g27 MLLT4 0 0 0 1
2 2p25 KLF11 MODY7 1 0 ] 1] 7 7p12 EGFR *] 0 0 1
2 2q123 LIMS1 0 0 0 1 7ooip12z2 GRB10 0 0 0 1

7 Tpl4 BBS9 1 1] 1] 0
2 20314 BBS5 1 0 0 0 7 7Tp153p151 GCK MODY2 NDM 1 1 1 0
2 2g311 C20RF37/DCAF17 1 0 0 0 7 Tp212 TWIST1 a 0 0 1
2 2932 NEUROD1 MCDY6 NDM 1 1 1 0 7 7p22 RACT 0 0 0 "
2 20322 STAT1 o 0 0 1 7 Tq11.23 NCF1 o0 0 1
2 2q34 PIKFYVE 0 0 0 1 7 7q22 DLX5 0 0 0 "
2 2936 IRS1 0 0 0 1 7 7g22 SH282 0 0 0 1
3 32 CTNNB1 o 0 0 1 7 7q22-q31.1  SRPK2 00 0 1
3 3p213 usP4 0 0 0 1 7 7q22.1 COPS6 0 0 0 1
3 3p25 PPARG 1 1 1 0 7 7223 PIKICG 0 0 0 1
3 3p2s RAF1 0 0 0 1 7 Tg3td CAV1 1 1 1 0
3 3p253 CIDEC 1 0 0 0 7 79311 PPP1R3 1 1 1 0
3 3gna2 ARLG 1 0 0 0 7 Tq31.2 CFTR 1 i) 0 0
3 39133 GSK3B 0 0 il 1 7 7q313 Lep 1 0 0 0
3 3g21 NCK1 0 0 0 1 7 Tgaz PAX4 MODYS 1 ] 0 ]
3 3g221 TOPBP1 0 0 0 1 7 Tq34 BRAF 0 0 1] 1
3 3g223 PIK3CB 0 0 0 1 7 Ta34 PRSS1 1 0 0 0
3 3g26.1-926.2 SLCZAZ/GLUTZ NDM 1 1 1 0 7 Tq3e MNXT NOM 1 1 1 0
3 39263 PIK3CA/PIZK 1 1 1 1 7 Tq36 NOS3 0 0 0 1
4 4p151 PPARGC1A 1] 1] 0 1 7 7936 RHEB 0 0 0 1
4 4p16.1 WFs1 NDM 1 1 1 0 8 8pn KATBA ] 0 0 1
4 4p183 HTT 0 0 0 1 8  8pl2 EIF4EBPT 0 0 0 1
4 Ag22-q26 HADH hyparinsulinsim 1 1 1 0 8 8piz WRN/RECQLZ 1 1 0 0
4 4q23 EIF4E 0 0 0 1 &  8p21A PTK2B 0 0 0 1
4 4g24 CISD2 (WFS2) 1 1 1 0 8  8p22-p21 DPYSL2 0 0 0 1
4 4q25 SEC24B 0 0 0 1 8 8p23-p22 BLK MODY 11 1 ] 0 0
4 4g27 BBS12 1 0 ] 0 8 8p23.1-p22 GATA4 NDM 1 1 1 0
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M

Chr__Location Gene classification All Glucose insulin Signaling Pathway
8 8222 5TK3 1
8 8qe3n YWHAZ
8  Bg2d43 NDRG1
8 B8g24.3 PTKZ2
9  9p21 RPS6
9 9p242 GLIS3 NDM
9 9gi3a TRIM32/BBS11
9 99333 MAPKAP
9 9q34 TSC1
9 85343 AGPATZ
9 9343 CEL MODY8
9 9343 RAPGEF1
10 10p11.23 BMIT
10 10p11.23 MAP3KS8
10 10p12.2 PTF1A NDM
10 10git.22 MAPKE
10 10g21.3 NEUROG3 NOM
10 10g21.3 SIRT1
10 106233 GLUDT hyperinsulinsim
10 10023.3 PTEN
10 10g24-925  CHUK
11 11pii2 MAPKEIP1
11 11p13 PAXE NDM
11 11pis ARFIP2
11 11pisa ABCCH MODY NDM
11 11p15.1 KCNJTT MODY NDM
11 11p15.1 PDE3B
11 11p15.4 LK
11 11pi55 CDKNIC
11 11piss5 INS MODY10 NDM

11 11p15.5-p14  PIK3C24

11 11g13 BBS1
11 11g13 BSCL2
11 11g13 CCNDT
11 11g13 RELA
11 11g13 ucez
1M1 11g13 YAP1
11 11gi3d

BAD
11 11g13.1-913.3 MAP3K11
11 11g233 CBL

hyperinsulinsim

11 11g24.2 CHEK1T
12 12p12 PIK3C2G
12 12p13.1-p12 CDKN1B
12 12p1am NANOG
12 12012-914 PREAGT
12 1213 NR4AT

12 12q134 SP1

12 12g14.3-g15 MDM2

12 12g21.2 BBS10

12 12g21.32 CEP290
12 12g23.2 IGF1

12 12q24 PTPN11
12 12q24.1-q24.3 PRKAB1T
12 12g24.2 HNF1A MODY3
12 12g24.31 BXN

12 1202433 CHFR

13 13g121 POX1APF1 MODY4 NDM
13 13q131 STARD13
13 13gi4.1 FOxo1
13 13g14.2 RBT1

13 13g22.2 TBC1D4
13 13g34 RS2

14 14gq11.2 NDRG2
14 14gi12 LTB4RZ
14 14913 NFKEIA
14 14g23.2 HIF1A

14 14g24 SRSFS5

14 149243 FOS

14 14g31.3 TTCa/BESE
14 14g32.32 AKT1

15 15q NEDDS
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Glusose

Location Gene classification All

15921 MYOS5A ]
15q21.2 usPs 0
169223923 BBSY 1
15q22.33 SMAD3 o
15q24.1 EDC3 V]
15q26 BLIN 1
15926.3 IGFIR 0
18p11.2 SH2B1 1
16p11.2 STx4 1]
16p13.3 Tsc2 0
16021 BB3Z 1
17p11.2 SREBF1 0
17p12 MAP2K4 o
17p13 SLC2A4 1]
17p13.1 PIK3IRS 0
17p13.1 PIKIRE ]
17p13.1 TP53 0
17p13.1 VAMPZ2 0
17p13.3 YWHAE 0
17g12 HNF1B MODYS5 NDM 1
17g21 BRCA1 0
179211 MAPT o
17g21.2 ACLY 0
17921.2 PTRF 1
17q21.31 STAT3 0
17q22 MKST 1
17q22 SRSF1 V]
17q22 STXBP4 V]
179231 RPSEKBT 0
17q24-q25  GRBE2 0
17925.3 RPTOR o
17q25.3 SOCS3 0
18911.1-g11.2 GATAG NDM 1
18q12 IER3IP1 NDM 1
18g21.3 BCLZ 0
18022 MC4R 1
19p13.11 GDF15 0
19p13.2 CcDC3T 0
19p13.3 STK11 0
19p13.3 TRIPTO o
19p13.3-p13.2 INSR 1
19g913.1-g13.2 AKT2 1
19q13.12 NFKBID 0
19q13.2 GSK3A 0
19q13.2 LIPE o
19g13.2-013 4 PIK3R2 0
18913.3 DMPK 1
18q13.3 POLD1 1
18g13.3-013.4 BAX 0
19913.3-q13.4 IRF3 ]
19g13.33 AKT181 o
20p12 MKKS 1
20911.2-913.2 STK4 0
20q11.21 acLaLt V]
20q12-q13  SRC 0
20g13.1-g13.2 PTPN1 0
20g913.12 HNF44 MODY1 1
20q13.2 SGK2 0
2091331 REBM38 ]
20g13.33 DNAJCS 0
21223 AIRE 1
21q22.3 PCNT 1
Xp11.23 FOXP3 NDM 1
NA CBorf44-SGK3/SGK3 0

Xpil.2 ELK1 0
Xg134 FOX04 V]
Xo223 IRS4 0
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SUPPLEMENTARY DATA

Supplementary Table 6B. Global test of monogenic genes from exome chip analysis. Aggregate tests of rare variants based on functional
annotation were performed using exome array variants in all the genes in each gene set. We performed conditional analyses to understand the
variants contributing to the significant association signals.

Trait Gene set Test PTV PTV+NS.ice PTV+NS.oaa PTV+Missense
Fasting Insulin All Monogenic SKAT 0.275 0.494 0.014 0.028
BURDEN 0.972 0.012 0.00024*** 0.019
Monogenic Insulin SKAT 0.173 0.618 0.002* 0.011
BURDEN 0.136 0.147 0.001* 0.01
Insulin Receptor Signaling SKAT 0.361901 0.826451 0.011 0.00066****
Pathway BURDEN 0.595991 0.800962 0.278479 0.072434
Fasting Glucose All Monogenic SKAT 0.073 0.078 0.635 0.712
BURDEN 0.00697** 0.131 0.041 0.375
Monogenic Glucose SKAT 0.073 0.026 0.224 0.189
BURDEN 0.0098* 0.431 0.051 0.346

* After conditioning on ATK2 p.Pro50Thr, the global test P values for the Monogenic gene set was P=0.38 (SKAT). For the Monogenic
Insulin gene set, the conditional P values were

P =0.02 (SKAT) and P =0.017 (BURDEN).

** After conditioning on BSCL2 p.Q271%*, the global test was P = 0.019 (BURDEN) for the Monogenic gene set and P = 0.039 (BURDEN)
for the Monogenic Glucose gene set.

*#* Conditional analysis of this test is presented in Supplementary Table 6C.

*dsE After conditioning on AKT2 p.Pro50Thr, the global test P values for the Insulin Receptor Signaling Pathway was P=0.01.
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Supplementary Table 6C. Global test of monogenic genes from exome sequencing analysis.

Trait Gene set Test PTV PTV+NS, i PTV+NS,aa PTV+NS
Monogenic SKAT 0.25 0.15 0.15 0.48
Fasting Insulin BURDEN 0.91 0.2 0.87 0.55
Monogenic Insulin SKAT 0.44 0.39 0.49 0.71
BURDEN 0.95 0.31 0.05 0.62
Insulin Receptor Signaling SKAT 0.52 0.04 0.26 0.69
Palhwhy BURDEN 0.61 0.04 0.79 0.12
Fasting Glucose Monogenic SKAT 0.49 0.93 0.82 0.6
BURDEN 0.86 0.1 0.92 0.83
Monogenic Glucose SKAT 0.22 0.74 0.52 0.49
BURDEN 0.97 0.5 0.96 0.33

Variant masks:

PTV: containing only variants predicted to introduce a premature stop codon

PTV+NS: containing variants in the PTV group and protein-altering variants with MAF<1%

PTV+NSstrict: composed of variants in “PTV” and protein-altering variants predicted damaging by SIFT, LRT, MutationTaster, polyphen2
HDIV, and polyphen2 HVAR

PTV+NSbroad: composed of “PTV+NSstrict” and NS variants with MAF<1% and predicted damaging by at least one prediction algorithm.
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Supplementary Table 6D. Sequential conditional analysis of the exome chip global BURDEN test with the monogenic all gene set for FI
with PTV + NSstrict + Nsbroad variants. Variants that contributed the most to the association, as reported by RAREMETALS v.4.7, were
added to the model sequentially. Single variant association results of these variants are provided in Supplementary Table 7B.

Global Test

Location rsiD REF ALT Gene Protein change P value after conditioning

No conditioning 0.00024
19:40762860 rs184042322 G i AKT2 p.P50T 0.0017
7:117282582 rs11971167 G A CFTR p.D1270N 0.0029
19:7125518 rs1799816 C T INSR pV1012M 0.0087
1:40756572 rs41268053 G A ZMPSTEZ24 p.R3690 0.0089
6:29641139 rs199589695 G A ZFP57 p.R178H 0.0098
7117171169 rs78756941 G T CFTR Splice donor 0.0089
21:47831307 rs201709021 G A PCNT p.E1785K 0.0104
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Supplementary Table 6E.Association results of the variants contributing to the exome chip global burden test association of the
“Monogenic” genes for FI level.

Location rsiD REF ALT Gene Protein change E::z: :Illlsell:li'mquency ‘ESE::::\ldard eror) BF P N
19:40762860 rs184042322 G T AKT2 p.PSOT T; 0.011 0.112 (0.023) 54  21=107 28118
7:117282582 rs11971167 G A CFTR p.D1270N A; 0.008 0.143 (0.048) 1.7 1.5%107 9898
19:7125518 rs1799816 Cc T INSR pV1012M T.0.01 0.065 (0.02) 11 54x10" 32685
1:40756572 * rs41268053 G A ZMPSTE24 p.R3IGIC 4 = 7Ax107 -
6:20641139 ° 5199589695 G A ZFP57 p.R178H - - - 7.2x107 ** -
7117171169 * rs78756941 G F CFTR Splice donor T. 0.001 -0.426 (0.161) 1 9.7=10" 4136
21:47831307 * rs201709021 G A PCNT p.E1785K - - - 7.9%10™ ** -

* Single variant association tests were not performed because variant did not meet the inclusion criteria (MAC > 5 within each cohort).
** P values from the RAREMETALS v.4.7 software.

BF: log10( Bayes factor) for association

P: P value for association test

N: Total Sample size contributing to analysis
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Suppelmentary.Table.S7.
Gene-based and single-variant association results from genes highlighted in the enrichment analyses.

Supplementary Table 7A. Gene based results of the monogenic genes or insulin receptor signaling genes exhibiting enrichment of
association signals.

Fasting insulin PTV- - - PTV+NSyr00 - - PTV+NS, et PTV-anly
Gene Ancestry MAC (No. P value SKAT P value Burden MAC (No. P value SKAT P value Burden MAC {No. P value P value Burden MAC (No. P value P value
vars) vars) vars) SKAT vars) SKAT Burden
AKT2 AfrAm 1 0.67 0.67 1 0.67 0.67 - - - 3 0.043 0.52
18g13.1-913.2 E.Asian 5 0.33 015 5 0.33 0.15 =<1 0.65 0.65 1 0.85 0.85
Europ <] 0.53 0.31 3 0.53 0.31 - - - 3 0.12 012
Hisp 7 042 013 7 0.42 0.13 - - - 2 0.55 0.88
S.Asian 2 0.86 0.83 1 06 0.6 - - - - - -
WES (all) 46(36) 0.6 0.051 45(33) 0.57 0.052 <1(5) 0.65 0.65 a(14) 0.083 052
ExArray 398(4) 6.10E-07 3.60E-06 398(4) 6.10E-07 3.B0E-06 - - - 5(2) 0.63 0.99
WES (all) + ExArray 444 0.00056 7.30E-06 443 0.00048 7.50E-06 =1 0.65 0.65 14 0.23 0.96
INSR AlrAm 29 0.43 0.98 20 029 0748 1 0.75 0.75 1 0.75 075
19p13.3-p13.2 E.Asian 29 0.015 0.29 24 0.02 0.095 - - - - - -
Europ 42 0.46 0.76 35 0.42 0.gg 1 0.73 0.73
Hisp 7 0.48 0.68 6 0.66 0.26 - - - - -
S.Asian 16 0.39 0.029 5 0.14 0.021 - - - - - -
WES (all) 123(127) 017 0.62 90(96) 0.1z 0.99 2(9) 0.8 0.64 1(4) 0.75 0.75
ExArmay T67{10) 0.0066 0.035 B67(6) 0.0074 0.033 - - - - - -
WES (all) + ExArray 880 0.0074 0.14 757 0.0055 0.81 2 0.8 0.64 1 0.75 0.75
ZMPSTE24 AfrAm 1 0.28 0.28 1 0.28 0.28 1 0.28 0.28 1 0.28 0.28
1p34 E.Asian [} 062 0.86 6 0.62 0.86 4 0.83 0.79 - - -
Europ 10 0.35 0.85 9 0.54 0.84 G 0.54 0.53 5 0.42 0.52
Hisp 8 0.75 0.49 8 0.75 0.49 5 0.53 0.87 4 0.49 0.74
5. Asian & 0.072 0.84 8 0.072 0.94 1 0.18 0.18 - - -
WES (all) 33(51) 0.23 0.82 32(46) 0.3 0.56 17(22) 0.73 0.62 10(9) 0.54 0.74
ExAray B(2) 0.011 0.078 8(2) 0.011 0.078 - B - - - -
WES (all) + ExArray 41 0.016 0.36 40 0.024 0.18 17 0.73 0.62 10 0.54 0.74
CFTR AfrAm 37 0.39 0.5 43 0.34 04 30 0.2 0.19 2 0.16 0.16
7gq31.2 E.Asian 99 0.45 0.76 67 0.25 0.43 20 0.32 0.045 1 0.55 0.55
Europ 179 0.27 0.26 109 017 07 52 0.35 041 7 0.98 0.57
Hisp 107 0.015 0.66 74 0.0096 0.043 42 0.0073 0.074 - - -
S Asian 50 0.0021 0.92 41 0.0016 0.36 23 0.0039 0.13 2 0.23 0.8
WES (all) 474(248) 0.031 0.36 335(218) 0.012 0.11 168{100) 0.011 0.027 12(27) 0.76 0.48
ExArray 3410(54) 0.58 0.8z 3851(50) 0.53 0.31 2140(25) 0.27 0.049 28(7) 0.076 0.34
WES (all) + ExArray 3884 012 0.65 4186 0.063 0.11 2308 0.021 0.0057 40 0.3 0.38
ZFP5T AfrAm 30 0.45 074 5 1 0.93 - - - - - -
6p221  E.Asian T4 0.58 0.42 1 0.21 0.21 - - - - -
Europ 1 0.49 0.4 - - - - - - - -
Hisp 20 1 1 . - -
5. Asian ] 0.15 0.24 4 0.093 0.093 - - - - -
WES (all) 141(55) 077 0.76 10{17) 0.27 0.59 - - - - -
ExArray 243(10) 0.65 0.41 401) 0.0077 0.0077
WES (all) + ExArray 384 078 0.63 14 0.016 0.061 - - - - -
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Fasting insulin PTV PTV+NS;caa PTV+NS,1/ice PTV-only
Gene Ancestry MAC (No. P value SKAT P value Burden MAC (No. P value SKAT P value Burden MAC (No. P value P value Burden MAC (No. P value P value
vars) vars) vars) SKAT vars) SKAT Burden
PCNT AfrAm 129 0.31 0.34 36 0.28 0.057 3 0.043 0.52 = - -
219223 E.Asian 252 0.51 0.85 92 0.64 0.61 1 0.95 095 - - -
Europ 174 0.043 0.61 75 0.16 011 3 0.12 0.12 - - -
Hisp 110 0.32 0.87 32 0.53 0.36 2 0.55 0.88 - -
S.Asian 40 0.99 0.54 18 0.88 0.52 - - - - - -
WES (all) 706{531) 0.14 094 254(230) 0.4 0.16 9(14) 0.083 0.52 - - -
ExArray 3805(86) 0.58 0.85 2205(39) 0.88 0.98 5(2) 0.63 0.99 = - -
WES (all) + ExArray 4511 0.26 0.91 2459 0.75 0.75 14 0.23 0.96 - - -
PTGS2 Alfr. Amer. 2 0.74 0.74 - - - - - - - - -
1925.2-q253  E.Asian 23 0.042 0.0062 4 0.27 0.29 - - - - - -
European 13 0.0024 0.0043 T 0.72 0.49 1 0.41 0.41 - -
Hispanic 5] 0,29 0.39 - - - - - - - -
S.Asian 2 0.43 043 e 0.43 043 2 0.43 043 = = -
all sequencing 46(31) 0.0041 0.00011 13(21) 064 0.16 3(5) 0.51 0.26 - - -
ExArray 200(5) 0.71 0.28 110(2) 0.61 0.57 - - - - - -
WES (all) + ExArray 246 0.069 0.0013 123 0.68 0.28 3 0.51 0.26 - - -
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Fasting gl PTV+mi PTV+NS, 0ad PTV+NS, et PTV-only
MAC MAC MAC P value MAC P value
Gene Ancestry (No. vars) P value SKAT P value Burden (No. vars) P value SKAT P value Burden (No. vars) SKAT P value Burden (No. vars) P value SKAT Burden
BscL2 AfrAm 10 077 0.46 4 0.66 0.48 - - - - - -
11g13  EAsian 26 0.15 0.16 23 0.17 0.18 2 0.026 0.026 2 0.026 0.026
Europ 38 0.00072 0.00034 4 0.88 0.63 - - - - - -
Hisp 29 0.49 0.58 14 0.77 0.88 <1 0.41 0.41 <1 0.41 0.41
S.Asian 12 06 0.16 8 0.36 0.058 1 0.9 0.9 1 0.9 0.9
WES (all} 116(60) 0.0013 0.048 53(36) 0.4 0.74 3(5) 0.049 0.24 3(5) 0.049 0.24
ExArray 574(13) 0.08 0.022 288(9) 0.021 0.0043 102(2) 0.033 0.0067 102(2) 0.033 0.0067
WES (all) + ExArray 690 0.00088 0.0046 341 0.051 0.081 105 0.0068 0.012 105 0.0068 0.012
CAVT Afram 2 0.14 0.05 2 0.14 0.05 1 0.095 0.085 . - -
79311 EAsian 5 0.027 0.23 5 0.027 0.23 4 0.022 0.1 - - -
Europ 9 017 0.0065 6 0.13 0.018 3 017 0.064 2 0.36 0.36
Hisp 1 0.098 0.1 11 0.098 0.1 - - - - - -
S.Asian 5 0.69 0.36 2 0.92 0.68 1 0.79 0.79 - - -
WES (all) 32(18) 0.032 0.00017 26(16) 0.025 0.00065 a(8) 0.019 0.0051 2(1) 0.36 0.36
ExArray 77(4) 0.31 0.35 77(4) 0.31 0.35 . . - - - -
WES (all) + ExArray 109 0.049 0.0025 103 0.041 0.0055 9 0.019 0.0051 2 0.36 0.36

MAC (No. vars): Minor allele count (number of variants in the test)

Variant masks:

PTV: containing only variants predicted to introduce a premature stop codon

PTV+NS: containing variants in the PTV group and protein-altering variants with MAF<1%

PTV+NSstrict: composed of variants in “PTV” and protein-altering variants predicted damaging by SIFT, LRT, MutationTaster, polyphen2
HDIV, and polyphen2 HVAR

PTV+NSbroad: composed of “PTV+NSstrict” and NS variants with MAF<1% and predicted damaging by at least one prediction algorithm.
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Supplementary Table 7B. Single variant association results with FG levels from the monogenic genes exhibiting enrichment of association
signals.

A %
% RE ; Inverse Normalized Effect Untransformed Effect
Gene set and Variant Group Location SNP F # Gene Protein change (Standard error, Effect Allele, Effect allele frequency) (Standard Error) BF P N
Monogenic - PTV 11:62458267 rs149907021 G A BsCL2 p.Q271" 1.621 (0.39; A; 0.001) 0.844 (0.185) 33 3.3E-05 4513
Manogenic - PTV + Nsstrict 11:62458267 rs149907021 G A BSCL2 p.Q271" 1.621 (0.39; A; 0.001) 0.844 (0.185) 3.3 3.3E-05 4513
7:33545217 rs61764068 A T BBsg p.ET53V -0.576 (0.19; A; 0.998) -0.27 (0.086) 16 24E-03 8754
11:62458267 rs149907021 G A BSCL2 p.Q271" 1.621 (0.39; A; 0.001) 0.844 (0.185) 3.3 3.3E-05 4513
Monogenic - PTV + Nsstrict + 2:737B6157 rs34398445 G Cc ALMS1 P.KI423N 0.673 (0.188; C; 0.018) 0.221 (0.065) 23 3.4E-04 5935
Nebioed 3:1707 15865 rs140138702 G C  SLC2AZ  p.lL4BBY 0.641 (0.197; C; 0.012) 0.267 (0.081) 1.7 1.2E-03 1104
7:33545217 rs61764068 A T BBSY p.ETS3V -0.576 (0.19; A; 0.998) -0.27 (0.0886) 1.6 2.4E-03 8754
11:66287196 rs35520756 G A BBS1 p.E234K 0.275 (0.095; A; 0.102) 0.086 (0.032) 14 3.8E-03 1352
11:62458267 rs149907021 G A 8scLz p.Q271* 1.621 (0.39; A; 0.001) 0.844 (0.185) 33 3.3E-05 4513
Monogenic glucose - 2:73786157 rs34398445 G C  ALMS1 p.K3423N 0.673 (0.188; C: 0.018) 0.221 {0.065) 23 3.4E-04 5935
FTY#Naaticl Nebroad 3:170715865 rs140138702 G C  SLC242  plasev 0.641 (0.197; C; 0.012) 0.267 (0.081) 1.7 1.2E-03 1104
11:62458267 rs149907021 G A BsCcL2 p.Q271" 1.621 (0.39; A, 0.001) 0.844 (0.185) 33 3.3E-05 4513
Monogenic glucose - 2:73786157 rs34398445 G C  ALMS1 p.K3423N 0.673 (0.188; C; 0.018) 0.221 (0.065) 23 3.4E-04 5935
PTV+Missense 3:170715865 rs 140138702 G Cc SLC242 p.LAGEY 0.641 (0.197; C; 0.012) 0.267 (0.081) 1.7 1.2E-03 1104
9:4286344 rs113754532 T C  GLIS3 p.l28v 0.418 (0.144; T; 0.998) 0.213 (0.071) 1.2 3.6E-03 19883
2:73677876 var 2 73677876 G A ALMS1 PN14071 -0.949 (0.357; A; 0.001) -0.44 (0.169) 1.2 7.8E-03 4513

BF: log10( Bayes factor) for association
P: P value for association test
N: Total Sample size contributing to analysis
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Supplementary Table S8.

GTEX tissue differential expression of AKT2 compared to AKT1 and AKT3. Listed are the tissues from the GTEx project pilot phase
release where AKT2 expression was assessed.

Tissue abbreviation * Tissue description ** N P (AKT2 > AKT1) P (AKT2 > AKT3)

ADPSBQ Adipose - Subcutaneous 04 1 5.08x10 "
ADPVSC Adipose - Visceral (Omentum) 19 1 2.74x10”
ADRNLG Adrenal Gland 12 1 5.37E-10
ARTAORT Artery - Aorta 24 1 0.03
ARTCRN Artery - Coronary 9 1 0.8
ARTTBL Artery - Tibial 112 1 1
BREAST Breast - Mammary Tissue 27 1 2.12x10"
BRNACC Brain - Anterior cingulate cortex (BA24) 17 1 1
BRNAMY Brain - Amygdala 23 1 1
BRNCDT Brain - Caudate (basal ganglia) 36 1 0.12
BRNCHA # Brain - Cerebellum 30 3.04x10” 8.94x10"
BRNCHB # Brain - Cerebellar Hemisphere 24 6.60x10™ 2.41x10"
BRNCTXA Brain - Cortex 23 1 1
BRNCTXB Brain - Frontal Cortex (BA9) 24 1 1
BRNHPP Brain - Hippocampus 24 1 0.99
BRNHPT Brain - Hypothalamus 23 1 0.99
BRNNCC Brain - Nucleus accumbens (basal ganglia) 28 1 2.15x10"
BRNPTM Brain - Putamen (basal ganglia) 20 1 0.02
BRNSNG Brain - Substantia nigra 25 1 0.67
BRNSPC Brain - Spinal cord (cervical c-1) 16 1 0.16
CLNTRN Colon - Transverse 12 1 2.24x107”
ESPMCS Esophagus - Mucosa 18 1 3.13x10"°
ESPMSL Esophagus - Muscularis 20 1 3.39x10”
FIBRBLS Cells - Transformed fibroblasts 14 1 1.78x10™
HRTAA Heart - Atrial Appendage 25 1 1.45%x10"
HRTLV Heart - Left Ventricle 83 1 9.20x10™°
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Tissue abbreviation * Tissue description ** N P (AKT2 > AKT1) P (AKT2 > AKT3)

KDNCTX Kidney - Cortex 3 0.71 0.1
LCL Cells - EBV-transformed lymphocytes 39 1 1.74x10
LIVER Liver 5 0.97 6.56x1C
LUNG Lung 119 1 5.24x10°
MSCLSK # Muscle - Skeletal 138 1.47x10™ 7.76x10°
NERVET Nerve - Tibial 88 1 3.19x10°
OVARY Ovary 6 0.53 4.03x1C
PNCREAS Pancreas 19 1 1.19x10
PRSTTE Prostate 9 1 2.38x1C
PTTARY # Pituitary 13 0.03 8.55x10°
SKINNS Skin - Not Sun Exposed (Suprapubic) 23 1 1.05x10°
SKINS Skin - Sun Exposed (Lower leg) 96 1 1.99x10°
STMACH Stomach 12 1 3.64x1C
TESTIS Testis 14 0.84 2.87x1C
THYROID Thyroid 105 0.13 7.22x10°
UTERUS Uterus 7 0.99 0.C
VAGINA Vagina 6 0.99 1.09x1C
WHLBLD Whole Blood 156 1 1.43x10"

N = sample size per tissue; P(AKT2 > AKT1) = P value for the test of expression in
AKT2 compared to AKT1; P(AKT2 > AKT3) = P value for the test of expression in
AKT2 compared to AKT3. * The tissue abbreviation used in Fig. S13 and Fig. S14. **
The corresponding tissue description. *** The one-sided paired t-test P-values for the
comparison of AKT2 expression with AKT1 and AKT3. # The tissues where AKT2
expression is significantly (P < 0.05) higher than both AKT1 and AKT3 expression.
BRNCHA/BRNCHB and BRNCTXA/BRNCTXB are sampled from the same regions,
cerebellum and cortex, respectively, but in separate collections.
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Supplementary Table SO.

Expression analysesin adiposetissuein the METSIM, EuroBATS and GTEXx studies.

Supplementary Table 9A. The associations of the two eSNPs discovered in METSIM (rs8104727) and EuroBATS (rs11880261) with AKT2
transcript levels. Results are presented for all the three cohorts queried (METSIM, EuroBATS and GTEXx). The eSNPs are in linkage

disequilibrium: R2 = 0.847 and D' = 0.92 in 1000 Genomes European population samples and R2 =1 and D' =1 in 1000 Genomes Finnish
population samples.

GenelD Cohort Tissue N SNP SNP origin Effect allele Other allele EAF Beta effect SE P“‘“‘A‘I':T(ZS)NP'
AKT2 GTEx Adipose Subcutaneous 94 rs11880261 EuroBATS eSNP T c 0.25 0.186 0.103 7.56E-02
AKT2 EuroBATS Adipose 720 rs11880261 EuroBATS eSNP T c NA 0.206 0.037 2.27E-08
AKT2 METSIM Adipose 770 rs8104727 METSIM eSNP T c 0.35312 0.4026 0.05214 3.595E-14
AKT2 METSIM Adipose 770 rs11880261 EuroBATS eSNP T C 0.35239 0.3983 0.05219 6.882E-14
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Supplementary Table 9B. Associations of the AKT2 eSNPs with FI are displayed for the METSIM and EuroBATS studies.

GenelD Cohort N SNP SNP origin Effect allele Other allele Adiustment Effect SE P-value (eSNP-FI)
AKT2 METSIM 10081 rsB104727 METSIM eSNP T (o] Age, BMI -0.016 0.01523 0.2857
AKT2 METSIM 10081 rs11880261 EuroBATS eSNP T c Age, BMI -0.017 0.01527 0.2661
AKTZ2 EuroBATS 710 511880261 EuroBATS eSNP T c Age, BMI -0.015 0.0555131 0.7842
AKT2 METSIM 10081 rsB104727 METSIM eSNP T c Age -0.00088 0.01523 0.9541
AKT2 METSIM 10081 rs11880261 EuroBATS eSNP T c Age -0.0011 0.01527 0.9436
AKT2 EuroBATS 710 rs11880261 EuroBATS eSNP T c Age -0.0094 0.05497855 0.8649
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Supplementary Table 9C. Associations of AKT2 expression with FI are shown for the METSIM and EuroBATS studies.

GenelD Cohort N Adjustment Effect SE P-value (AKT2-Fl)
AKT2 METSIM 770 Age, BMI -0.33 0.07 0.00000949
AKT2 METSIM 770 Age -0.42 0.06 3.293E-11
AKT2 EuroBATS 710 Age, BMI -0.05 0.11 6.28E-04
AKT2 EuroBATS 710 Age -0.04 0.01 1.14E-03
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Supplementary Table 9D: The association between AKT2 expression and age was queried in adipose tissue in the METSIM, EuroBATS and
GTEx cohorts.

GenelD Study Tissue N ChiSq (age) P-value (age) Effect (age)
AKT2 METSIM Adipose 770 8.46 0.00362 0.02
AKT2 EuroBATS Adipose 720 0.143 0.71 0.001
AKT2 GTEx Adipose Subcutaneous 89 3.49 0.06 -0.02
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Supplementary Table 9E. The association between AKTZ2 expression and BMI was queried in adipose tissue in the METSIM, EuroBATS

and GTEx cohorts.

" "GenelD i Study Tissue "N ChiSq (BMI) P-value (BMI) Effect (BMI)
AKT2 METSIM Adipose 770 28.772 8.143E-08 -0.06
AKT2 EuroBATS Adipose 720 120.07 6.10E-28 -0.07
AKT2 GTEx Adipose Subcutaneous 89 0.30 0.58 -0.01

NA: The data was not available

GenelD: The name of the gene investigated

Cohort: The cohort the association was studied in

Tissue: The tissue the expression data is from

N: The sample size in analysis

SNP: The rsID of the SNP for which the association is shown

SNP origin: The cohort where the SNP was most associated with AKT2 expression

Effect allele and Other allele: The effect and non-effect alleles of the SNP
EAF: The frequency of the effect allele

Beta effect: The effect estimate for the effect allele

SE: Standard error for the effect estimate

P-value (SNP-AKT2): The P-value for the SNP-expression association
Study: Study in which the association was studied

Adjustment: The covariate adjustment for fasting insulin

P-value (eSNP-FI): The P-value for the SNP-fasting insulin association
P-value (AKT2-FI): The P-value for the gene-fasting insulin association
ChiSq (age): Chi squared test statistic for the expression-age association
P-value (age): P-value for the SNP-expression association

Effect (age): Effect estimate for the age in the model

ChiSq (BMI): Chi squared test statistic for the expression-BMI association
P-value (BMI): P-value for the SNP-expression association

Effect (BMI): Effect estimate for the BMI in the model
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Supplementary.Table S10.

Mendelian randomization analysisto assess the causality of AKT2 expression for fasting insulin (FI) levels.

The results from the meta-analysis of the EuroBATS and METSIM data and for the instrumental variable (IV) estimator are shown for the

EuroBATs eSNPs (rs11880261) additionally separated by whether BMI adjustment was used for SNP-FI and AKT2-FI analyses.

No BMI adjustment

BMI adjusted

Association N Effect SE P-value P-value for difference Effect SE P-value P-value for difference
SNP-AKT2 1490 0.270 0.030 1.89E-19 0.270 0.030 1.89E-19
SNP-FI 10791 -0.002 0.014 9.13e-1 -0.017 0.014 2.44E-01
AKT2-FI 1480 -0.050 0.011 4.39E-06 -0.064 0.013 5.95E-07
v -0.006 0.054 9.13E-01 0.41 -0.063 0.054 2.4BE-01 0.99

Association: The pair of traits tested or the instrumental variable (IV)

N: The sample size in meta-analysis
Effect: The effect estimate in the association

SE: Standard error

P-value: The P-value for the association

P-value for difference: The P-value for the difference between the IV estimator and the AKT2-FI estimate
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