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Methods

1. Source data from the MIGen discovery and WTCCC validation samples

Discovery sample: The Myocardial Infarction Genetics (MIGen) study is a collaborative study whose aim
is to explore the genetic basis of myocardial infarction (Ml). Our initial study consisted of 2,967 cases of
early-onset myocardial infarction (in men <50 years old or women <60 years old) and 3,075 age- and
sex-matched controls free of Ml from six international sites in the US (Boston — Massachusetts General
Hospital Premature Coronary Artery Disease Study; Seattle - Heart Attack Risk in Puget Sound), Sweden
(Malmo Diet and Cancer Study), Finland (FINRISK), Spain (REGICOR) and Italy (ATVB) (see[1] for details).
At each site, Ml was diagnosed on the basis of autopsy evidence of fatal Ml or a combination of chest
pain, electrocardiographic evidence of M, or elevation of one or more cardiac biomarkers (creatine
kinase or cardiac troponin). Mean age at the time of Ml was 41 years among male cases and 47 years
among female cases. All participants were of European ancestry. For these individuals, genotype data
were obtained for ~2.55 million single nucleotide polymorphisms, either through direct genotyping
(Affymetrix 6.0 GeneChip) or by imputation (MACH 1.0 software[2]), using phased chromosomes from
the HapMap CEU sample[1].

Validation sample: Validation of the top results in the discovery sample was performed in a sample of
1,766 cases of coronary artery disease (CAD) and 2,938 controls from the Wellcome Trust Case Control
Consortium([3]. CAD cases presented a history of myocardial infarction or coronary revascularization

(including coronary bypass surgery or coronary angioplasty) before the age of 60 (see table).

Mi Status N Additional Cardiovascular Phenotype Age Proportion of females
Angina PCi CABG mean (SD) %
Ml 1280 908 279 561 47,9 (7,1) 19,3
No Ml 486 471 176 366 50,5 (6,2) 22,2

PCl, percutaneous coronary intervention; CABG, coronary artery bypass grafting

The control subjects were selected from 2 different studies: a) a British cohort of people born in 1958
(1958 Birth Cohort Controls, 58C); and b) blood donors (UK Blood Services Controls, NBS). Mean age of
cases and controls was 48.6 years and 43.7 years, respectively.

Extended details of the methods implemented in these studies are provided in the original

manuscripts.

2. Selection of Risk Factor SNPs and Marginal SNPs

2.1. Source literature for SNP selection



To perform interaction analyses for SNPs associated with cardiovascular risk factors, we obtained data
from published GWA studies that studied these traits. We identified SNPs of interest by, i) filtering the
NHGRI catalogue of GWA studies[4], and ii) mining data from a series of recently published large meta-
analyses of GWA studies of cardiovascular risk factors (S.F1).

From the NHGRI catalogue (accessed June 30th, 2010), we filtered the list of reported phenotypes to
identify those we considered relevant to cardiovascular disease (S.F1, second column), and identified
48 GWA studies of interest. For subsequent analyses, the accuracy of the all reported associations (p-
values, direction of effect, effect allele, etc.) for all SNPs in all relevant articles was verified in the
original report, and in cases of discrepancy the data from the original report was used. We also
identified eight large meta-analyses of GWA studies of phenotypes of interest that were published

after June 30th, 2010 (S.F1, third column). Data for SNPs selected in this process are shown in S.T1.

2.2. Definition of risk factor phenotype categories

We grouped the phenotypes reported in these studies into 11 categories broadly definable as distinct
cardiovascular risk factors or cardiovascular endpoints. These were LDL cholesterol (LDL), HDL
cholesterol (HDL), Triglycerides (TG), Smoking (SMK), Blood Pressure (BP), Carbohydrate Metabolism
(including Type 2 Diabetes (T2D), see below) (CH), Obesity/Body Mass (OB), Plasma LP(a) levels (LP(a)),
Concentration of Small LDL Particles (smallLDL), and Coronary Artery Disease (CAD).

We defined the category CH because, in addition to variants associated with overt T2D, we wanted to
be able to capture variants that may contribute to cardiovascular risk through association with T2D-
related traits, but that may or may not have also been declared as being associated with T2D as a
clinical endpoint. Thus, this category contains variants associated with insulin and plasma glucose traits
as well as variants associated with overt T2D[5,6]. We used data from a recent GWAS of NMR-based
measurements related to lipid quality[7] to test for interaction between variants associated with
relative concentrations of small LDL particles and those associated with other CVRFs. The BP category
was composed of SNPs associated with either systolic or diastolic blood pressure because in the
original reports, most of these SNPs were not observed to have markedly dissimilar effects on these

phenotypes.

2.3. Selection of risk factor SNPs
From the studies mentioned above we selected SNPs with a reported p-value of <5x10° for association

with the phenotype of interest, irrespective of their level of association with other phenotypes in the



case of overlap/pleiotropy. This literature search resulted in a list of 364 SNPs, of which 242 remained
after LD pruning (see S3.2). Details of the SNPs included in the pair-wise interaction analysis are given

in S.T1. These SNPs were included in the analyses performed in Analyses 1 and 2.

2.4. Selection of marginal SNPs

For Analyses 2 and 3, we used a threshold approach to select SNPs between which interaction testing
was to be performed. We selected SNPs that achieved an arbitrary p-value of <107 (Analysis 2 and 3a)
or <10 (Analysis 3b) for association with Ml in the discovery phase of the MIGen study. These lists of

SNPs were pruned to remove redundancy through LD (S3.2).

3. Statistical Analysis
All statistical analyses were carried out using packaged or custom functions written in R v2.11 (R
Foundation for Statistical Computing, Vienna[8]; packages and functions indicated below by

<package>::<function>), or using PLINK v1.07[9] where indicated.

3.1. Tests for association with Ml for risk factor SNPs
The selection of marginal SNPs was based on the results of the test for single locus association with
early-onset Ml (age- and sex-matched, with adjustment for ancestry principal components, analyzed

using PLINK), as reported previously[1]. See S.T1 for single locus association results for risk factor SNPs.

3.2. Filtering SNP lists to remove redundancy via LD (pruning)

To remove redundancy between SNPs, we applied an LD-based pruning technique implemented in the
- -1 ndep- pai rwi se function in PLINK. This procedure allowed us to ensure that interaction testing
was performed only between mutually independent SNPs, with pair-wise r’<0.5. We also avoided
redundancy between Analyses by eliminating from Analyses 2, 3a and 3b any SNPs that had been
included in a previous Analysis or that were in LD (r’20.5) with any SNPs from a previous Analysis. LD

calculations were also performed using PLINK (S.F2).

3.3. Statistical tests for gene-gene interaction
Test A — Model-free case-control test: SNPs were coded as factors with three levels corresponding to

their three genotypes. Thus, this test can be thought of as the two-locus equivalent of a single locus



2df genotypic test, in that it assumes no genetic model, but simply searches for differences between
cases and controls in the frequencies of the 9 possible compound genotypes (4df; degrees of freedom).
In Analyses 1 and 2, we tested for interaction between SNPs by using a likelihood ratio test to compare
the fit of a logistic regression model (stats::glm) containing a SNP-SNP interaction term to that of an
equivalent model lacking this interaction term. These models were adjusted for age, sex and the first

two principal components (PC) from an IBS analysis.

Ml ~ SNPA + SNPB + SNPA X SNPB + AGE + SEX + PC1l + PC2
| I
Dichotomous Main effects (3 Interaction terms Covariates
response categories; 4 (4 parameters) (incl. I1BS principal
variable parameters) components)

Test B — Allelic interaction test: Due to the computational requirements of Analysis 3, we performed
this analysis using the allelic interaction test implemented in the more efficient - - f ast - epi st asi s
function implemented in PLINK, which uses a joint case-control/case-only strategy to compare a 1df
test for correlation between alleles among cases to that among controls[9]. Low MAF for some SNPs
leads to low counts in some cells in the genotype collapsing procedure used in this test, such that the
test cannot be performed for all pairs; however, this should not lead loss of information because

power to detect interaction is very limited for SNPs with low MAF.

3.4. Multiple testing

Pair-wise gene-gene interaction testing involves a very large multiple testing burden, requiring
appropriate adjustment. However, these tests cannot be considered to be independent because each
SNP is involved in multiple tests (N-1 tests for a set of N SNPs), which would make a Bonferroni
correction excessively stringent. We approached this problem by estimating the distribution of the
most significant p-value in each Analysis under the null hypothesis (simulated by randomizing Ml
status), which is expected to follow a beta-distribution with parameters determined by the number of
tests and the level of correlation between them. To estimate these parameters we computed an
approximation to the beta-distribution by taking the most significant p-value from each of large
number of permutations of the analysis under HO, and setting the 95" percentile of the resulting beta-
distribution as the significance level required to achieve a overall Type | error rate of a=0.05 within
each Analysis. A priori, the distribution of the minimum p-value for a given set of SNPs is not affected
by the type of test used, so we performed the permutations for all Analyses using the more

computationally efficient - - f ast - epi st asi s function in PLINK. The parameters of the beta-



distribution were estimated using 10,000 permutations in Analysis 1. We observed that estimations of
these parameters, and consequently of the significance thresholds, were stable after ~200-300
permutations (see Figure 2 in the main manuscript). Therefore, the estimations of these parameters in
Analyses 2, 3a and 3b were based on just 1,000, 1,000 and 200 permutations, respectively (See S.F3).
We set the p-value threshold for declaring statistical significance in the validation of top results in the
WTCCC as 0.05 with a standard Bonferroni correction for the number of pairs for which we attempted
validation in each Analyses (thresholds shown in the results section of the main manuscript).

For the meta-analysis, we set the p-value threshold for declaring statistical significance to be equal to

the thresholds used in the discovery analysis of each Analysis (S7).

3.5. Quantile-Quantile plots

To construct a quantile-quantile (QQ) plot in a GWAS setting, the observed test statistics (e.g. x* values)
are plotted against their expected distribution under HO. Since the majority of SNPs will not to show
any true association with the phenotype under study (in the absence of population stratification), their
test statistics will be mutually independent and will follow a parametric distribution (e.g. the ¥
distribution). However, because of the potential non-independence between pair-wise gene-gene
interaction tests, their results may not follow a parametric distribution under HO. To estimate this
expected distribution, we used a permutation-based approach similar to that used to compute the
threshold for statistical significance in each stage of the interaction analysis (see S3.4).

We performed 1,000 permutations of the analyses under HO (randomized Ml status), and obtained the
rank order of all tests within each permutation. Then, for each rank we took the median across all
permutations as the expected value for that rank under HO, and plotted this median against the
observed value for that rank. The 95% confidence interval of the estimation of the expected
distribution was computed by taking the 2.5" and 97.5" percentiles all permutations within each rank.
QQ plots for Analysis 1 are provided in Figure 2 in the main manuscript, and for Analyses 2, 3a and 3b

in S.F3.

3.6. Post-hoc power calculations
We considered that the power of our analysis to detect interactions was a function of sample size
(fixed for this study), an acceptable Type | error rate (a, derived from the beta-distribution), the

interaction effect size, the interaction model (e.g. dominant-recessive, etc.), and the frequency of the



compound genotype(s) that carry additional risk. Since the latter three parameters are expected to
vary for every pair of SNPs, it is not possible to compute a single value to describe the study's power.
Thus, we have dealt with these unknown parameters as follows:
Interaction effect size: Since the true interaction effect size we may expect to find is unknown and will
change for every SNP pair, we have expressed the power of the study in terms of the effect size that
could be detected with 80% power (B°%).
Interaction model: Since the true interaction model is unknown, we computed power to detect
interactions under 3 different interaction models: a model with recessive x recessive effects, which is
intrinsically the least powerful model because the non-reference group is small; a model with
dominant x dominant effects, which is one of the most powerful models because the non-reference
group is large, while being very simple because it is driven by the presence of the interacting alleles for
each SNP; and a model with additive x additive effects, which is arguably the most biologically
plausible for complex diseases. The recessive x recessive and dominant x dominant interaction models
mentioned in this paper correspond to those referred by Li and Reich[10] as models M1 (RR), which
requires two copies of the interacting allele from both loci to modify disease risk, and M27 (DD), which
requires at least one copy of the interacting allele from both loci to modify disease risk. In classical
genetics these models are also called 'recessive complementary' and 'dominant complementary'
epistasis or 'duplicate dominant' and 'duplicate recessive' epistasis, respectively. The additive x
additive model corresponds to that referred to as Model 2 by Marchini et al.[11], in which the In(odds)
for disease risk has a baseline value unless both loci have at least one disease-associated allele, after
which In(odds) increases additively within and between genotypes.
Frequency of the risk compound genotype(s). Within the range of MAFs from 0.02 to 0.5, we defined
MAF bins of 0.02 (i.e. 0.02>MAF>0.04, 0.04>MAF>0.06, etc.; 24 bins for each SNP, giving 24°=576 bin
combinations). For each bin combination, we computed (see below) the mean B%® (effect size
detectable with high power) of 10 randomly selected pairs of SNPs whose MAFs fell within these bins.
Power Computation: For each pair of SNPs selected, we computed B2 as follows:

- A model free logistic regression model including a term for interaction SNPs was fit, from which the

block of the estimated variance-covariance matrix, V, corresponding to the 4 interaction effects
was obtained.

- The 4-component vector corresponding to the values of the 4 interaction terms under the

alternative hypothesis, £, was defined under the 3 interaction models as follows:



a. recessive x recessive: /j; = (0,0,0,,6’0'8 )t
b. dominant x dominant: E = (,30'8,,30'8,,30'8,,30'8)t

c. additive x additive: E = (,80'8 2B 23° 43°° )t
- Finally, %% was obtained by solving the following equation
08=P(x2(y) >¢),

where c is the 95 percentile of )(f, )(f (p) is a chi-squared variable with 4 degrees of freedom and

non-centrality parameter )y = EtV "12 .
In Analyses 1, 2 and 3a, data on variance, V, for each of a series of SNP pairs, was obtained from the
actual interaction tests performed in that Analysis. For Analysis 3b, we assumed that variances would
be similar to those computed for Analysis 3a, so we computed power from these variances, but using
the Type | error rate (a) computed for Analysis 3b.

The results of these power calculations are shown in S.T3 and S.F4.

3.7. Analysis of Lp(a) variants

Recent studies have highlighted the potential relevance of lipoprotein(a) (Lp(a), encoded by the LPA
gene) as a cardiovascular risk factor (see[12]). Clarke et al.[13] observed that two SNPs in LPA,
rs3798220 and rs10455872, were strongly associated with risk of CAD, and noted that rs3798220 was
in strong LD (r’=0.86) with a four-SNP haplotype previously reported by Trégouét et al[14] as also being
associated with CAD.

While neither of these SNPs was available in the MIGen genotype data, the four SNPs (rs2048327,
rs3127599, rs7767084 and rs10755578) that comprised the Trégouét haplotypes were available. To
attempt to capture the CAD risk-associated variation in LPA we re-constructed the Trégouét haplotypes
in the MIGen sample (S.9), verified the association between these haplotypes and risk of Ml, and then
tested for interaction between these haplotypes and the CVRF SNPs.

We tested for direct association between MI and these haplotypes using the haplo.stats::haplo.gim
function[15] to fit a logistic regression model of Ml risk on haplotype effects, while accounting for
ambiguity in the assignment of haplotypes; this model was adjusted for age, sex and IBS principal
components.

To test for evidence of interaction between these haplotypes and the 242 CVRF SNPs as a predictor of

Ml risk, we used a likelihood ratio test to compare the fit of a regression model (fit using



haplo.stats::haplo.gim) containing an haplotype-SNP interaction term to an equivalent model lacking
this term, again with adjustment for age, sex and IBS principal components. We used a Bonferroni
correction to set the threshold for declaring statistical significance. The results of the test for
association between these haplotypes and Ml risk, and those for interaction between the haplotypes

and CVRF SNPs are shown in S.9.

3.8. Validation and meta-analysis of top results

Validation. We selected all SNP pairs with p-values for interaction in the MIGen discovery sample
within 3 orders of magnitude of the significance threshold within each Analysis: p<1.51 x 1073, p<3.13
x 10, p<2.93 x 10 and p<3.57 x 10° for Analyses 1, 2 and 3a and 3b, respectively. Using the same
interaction testing procedure (reproduced faithfully in the discovery and validation samples using a
standardized R-script to perform data formatting, quality control and interaction testing), we validated
these top results in a sample of CAD cases and controls from the WTCCC (S1). [Note that the top results
in Analyses 3a and 3b, which were initially computed using Test B in the MIGen sample, were
reproduced using Test A in the MIGen sample for the purpose of including them in the meta-analysis.]
Meta-analysis. We performed a fixed effects meta-analysis by pooling the B-coefficients of the
interaction terms from the models for each study, weighted by the inverse of their variances, as
follows:

For each interaction term (j=1, 2, 3, 4), the pooled B-coefficient of the interaction term was computed

- _ A1) (i) + B,(1) ()

as ,Bpoo,ed(j) W)+ w()) , Where ,5’1 and ,5’2 were the B-coefficients and W, and w,

the weights of the interaction terms for the MIGen and WTCCC samples, respectively. The variance-

. . o _l _l _l
covariance matrix of the B, vector was computed as V, =B/l +V, ] , where, V, and V, are

pooled
the variance-covariance matrices of beta-coefficients of the interaction terms for the MIGen and
WTCCC samples, respectively. The vector weights, W, and w, were computed as Wl(j) =1/V1(j, j) and
w,(j)=1/V,(j, j), where M(j,]) is the j-th element of the diagonal of the matrix M. The test for

interaction consisted of testing whether or not all interaction terms are equal to zero [HO:

Bosoiea = (0000)"; H1: Bes # (0,00,0)' ] by computing the following statistic, which corresponds to a

Wald test: y* = B;mledv °

moled,épmled . This test statistic follows a x* distribution with 4 degrees of freedom

under the null hypothesis.



Results

4. Risk factor SNP Selection

We selected 242 independent SNPs for interaction analysis on the basis of their association with CV
risk factors or clinical endpoints. dbSNP rs# identifiers, reported phenotype, local gene(s), p-value for
association with Ml in the MIGen study, minor allele frequency in MIGen controls, and references of
studies that discovered or verified the association are shown in S.T1. The literature sources and

process used to select these SNPs are described in S.F1.

5. Single locus test for association between risk factor SNPs and Ml in the MIGen study.
A full list of the results of the single locus test for association between the CVRF SNPs and Ml is given in

S.T1.

6. Pair-wise SNP-SNP interaction analysis

Results for SNP pairs that showed a p-value for interaction within 3 orders of magnitude of the
threshold for statistical significance in Analyses 1, 2, 3a and 3b are shown in S.T2. These SNP pairs were
brought forward for validation in the WTCCC sample; results for interaction in WTCCC and for meta-

analysis of both studies are also shown in S.T2.

7. Adjustment for multiple testing

Figure 2 in the main manuscript and S.F3 show the distribution of the minimum p-values for a large
number of permutations under the null hypothesis, as well as the corresponding beta distribution from
which the threshold for declaring statistical significance was computed in each Analysis. The following
table compares Bonferroni corrected significance levels (a=0.05/number of tests) in each Analysis to

the empirically derived thresholds:

Empirical Bonferroni Threshold  Number of tests

Threshold
Analysis 1 1.51x10° 1.71x10° 29,161
Analysis 2 3.13x 10" 3.21x107 155,606
Analysis 3a 2.93x10” 2.42x107 201,537
Analysis 3b 3.57x10° 2.75x10° 17,470,706
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8. Post-hoc power calculation

For a range of MAFs and interaction models, we computed the interaction effect size that our study
could detect with 80% power (S.T3, S.F4). These calculations give a two dimensional array of effect
sizes (one dimension for each SNP) for three interaction models, recessive x recessive, dominant x

dominant and additive x additive (S.T3, S.F4).

9. Analysis of Lp(a) variants

Analysis of direct association between Trégouét haplotypes and Ml risk. We tested for association
between haplotypes reported by Trégouét et al.[14] and risk of Ml in the MIGen study and found
similar results, with the CCTC (p=0.000077; OR [95%CI]=1.71 [1.31,2.22]) and CTTG (p=0.0278; OR=1.14
[1.01,1.28]) haplotypes showing similar effects on risk (more common in cases) to those previously

reported, and in the same direction.

Frequency in MIGen odds ratio 95% Cl association

controls cases p-value
TCTC 0.503 0.495 reference haplotype
cccCa 0.148 0.141 0.97 0.87,1.08 0.610541
CCcCTC 0.019 0.031 1.71 1.31,2.22 0.000077
CCTG 0.021 0.018 0.91 0.70,1.19 0.481655
CTTSG 0.115 0.125 1.14 1.01,1.28 0.02776
TTTC 0.018 0.016 0.93 0.69,1.25 0.63506
TTTG 0.158 0.157 1.00 0.90,1.11 0.991476

Trégouét haplotypes are shown in columns 1 to 4, with SNPs in the following order: rs2048327,
rs3127599, rs7767084, rs10755578

Analysis of interaction between Trégouét haplotypes and CVRF SNPs as a predictor of MI risk. We
observed no significant evidence for interaction between the Trégouét haplotypes and 240 of the 242
CVRF SNPs, after correction for multiple testing (significance threshold, p=0.00021). The haplo.gim
regression models containing terms for interaction between the Trégouét haplotypes and rs1800961
and rs6919346 failed to converge. rs1800961 lies at the HNF4A locus and was previously reported to
be associated with total and HDL cholesterol levels[16,17]. rs6919346 lies within LPA and was reported
by Ober et al.[18] to be associated with plasma Lp(a) levels. The most significant p-value for interaction
was observed for rs2068888 (p=0.0039), which lies in CYP26A1 and was previously reported to be

associated with plasma triglyceride levels (S.T1).
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Tables

Table 1: Cardiovascular risk factor SNPs. Details of the SNPs associated with cardiovascular risk factors

(CVRF) and clinical endpoints that were selected for interaction analysis in this study. The following

data are shown for each of the 242 SNPs: the reported phenotype(s); nearby gene(s), if reported; p-

value for association with Ml in the MIGen study; MAF in MIGen controls; references for studies that

discovered or replicated the association.

. p-value  MAFin
Nearby Gene, if .
SNP Chr Reported Phenotype for Mlin MIGen Reference
reported a
MiGen™ controls
rs1333049 9 Coronary disease Intergenic; CDKN2A; 3.42e-07 0.483 [19,3]
CDKN2B
rs6725887 2 Myocardial infarction (early onset)  WDR12 8.55e-05 0.126 [16]
rs1121980 16 Body mass index FTO 0.00012 0.437 [20]
rs17465637 1 Myocardial infarction (early onset)  MIA3 0.00015 0.293 [16]
rs1746048 10 Myocardial infarction (early onset)  CXCL12 0.000161 0.173 [16]
rs1122608 19 Myocardial infarction (early onset)  LDLR 0.000172 0.264 [16]
rs12526453 6 Myocardial infarction (early onset) PHACTR1 0.00046 0.362 [16]
rs2000999 16 TC; LDL 0.000726 0.208 [17]
rs9982601 21 Myocardial infarction (early onset)  SLC5A3; MRPS6; KCNE2 0.000782 0.128 [16]
rs964184 11 HDL cholesterol; Triglycerides; TC; APOA1; APOC3; APOA4; 0.00122 0.152 [21,17,22]
LDL; HDL; TG; CAD APOAS; ZNF259; APOA5-A4-
C3-Al1
rs10423928 19 Two-hour glucose challenge; CH GIPR 0.0014 0.19 [5,6]
rs7205804 16 TG 0.00148 0.471 [17]
rs2521501 15 BP 0.00153 0.333 [23]
rs3184504 12 Diastolic blood pressure; Systolic SH2B3 0.00157 0.483 [24]
blood pressure
rs649129 9 LDL 0.00295 0.231 [17]
rs7350481 11 Hematological and biochemical APO-A cluster 0.00322 0.079 [25]
traits
rs12779790 10 Type 2 diabetes CDC123; CAMK1D 0.00357 0.178 [26]
rs2814944 6 HDL 0.0038 0.145 [17]
rs6511720 19 LDL cholesterol; TC; LDL LDLR 0.0047 0.104 [16,27,17]
rs13139571 4 BP 0.00575 0.273 [23]
rs16948048 17 Diastolic blood pressure ZNF652; PHB 0.0076 0.368 [28]
rs6544713 2 LDL cholesterol ABCGS8 0.0106 0.334 [16]
rs2844479 6 Weight AIF1; NCR3 0.0109 0.43 [29]
rs2967605 19 HDL cholesterol ANGPTL4 0.0196 0.169 [16]
rs3177928 6 TC; LDL 0.0209 0.135 [17]
rs11206510 1 LDL cholesterol; Myocardial PCSK9 0.0212 0.196 [21,16,27]
infarction (early onset)
rs7593730 2 Type 2 diabetes RBMS1; ITGB6 0.0221 0.219 [30]
rs17114036 1 CAD PPAP2B 0.0233 0.109 [22]
rs4773144 13 CAD COL4A1; COL4A2 0.0247 0.459 [22]
rs1532085 15 HDL cholesterol; TC; HDL LIPC 0.0259 0.373 [31,32,17]
rs17584499 9 Type 2 diabetes PTPRD 0.0277 0.181 [33]
rs12970134 18 Body mass index; Weight; Waist MC4R 0.0303 0.26 [29,34]
circumference and related
phenotypes
rs16998073 4 Diastolic blood pressure FGF5; PRDMS; c4orf22 0.032 0.207 [28]
rs1004467 10 Systolic blood pressure CYP17A1 0.033 0.104 [24]
rs2412710 15 TG 0.034 0.029 [17]
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rs261342
rs11556924
rs181362
rs2650000
rs2072183
rs4846914
rs17321515
rs1689800
rs17609940
rs7957197
rs12670798
rs6922269
rs599839
rs4420638

rs6474412
rs419076
rs9818870
rs6548238
rs2929282
rs1501908
rs7134375
rs1129555
rs1564348
rs1013442
rs10850411
rs16969968
rs10946398
rs4373814
rs2652834
rs4082919
rs46522
rs2479409
rs4607103
rs1424233
rs2068888
rs7395662
rs10938397
rs28927680

rs2902941
rs1552224
rs3846662
rs16942887
rs7941030
rs386000
rs2247056
rs4810479
rs3136441
rs3742207
rs2814982
rs6450176
rs7206971
rs805303
rs2877716
rs7120118
rs5756931

4
11

20
11

16
11
19

TG

CAD

HDL

LDL cholesterol
TC

HDL cholesterol; Triglycerides; HDL

Triglycerides

HDL

CAD

T2D

LDL cholesterol; LDL

Coronary disease

LDL cholesterol; Coronary disease

LDL cholesterol; TC; LDL; HDL

Smoking behavior; SMK
BP

Coronary artery disease
Body mass index
TG

LDL cholesterol
HDL

LDL

TC; LDL

SMK

BP

SMK

Type 2 diabetes
BP

HDL

HDL

CAD

TC; LDL

Type 2 diabetes
Obesity

TG

HDL cholesterol
Body mass index

Triglycerides

LDL

T2D

LDL cholesterol
HDL

TC

HDL

TG

TG

HDL

Arterial stiffness
TC

HDL

TC

BP

Two-hour glucose challenge; CH

HDL cholesterol
TG

ZC3HC1

HNF1A

GALNT2
TRIB1

ANKS1A

HNF1A

DH11

MTHFDI1L

CELSR2; PSRC1; SORT1

APOE; APOC1; APOC4;
APOC2
CHRNB3; CHR6

MRAS
TMEM18

TIMD4; HAVCR1

CDKAL1

UBE2Z; GIP; ATP5G1; SNF8

ADAMTS9
MAF

MADD; FOLH1
GNPDA2

APOA1; APOC3; APOA4;
APOAS5; ZNF259; BUD13

CENTD2
HMGCR

COL4A1

ADCY5
NR1H3

0.0442
0.0464
0.0535
0.0582
0.0583
0.0583
0.0585
0.0618
0.063
0.0648
0.0692
0.0702
0.0777
0.0814

0.0816
0.0843
0.0873
0.0902
0.0904
0.0953
0.0973
0.0978
0.0979
0.0981
0.103
0.106
0.107
0.111
0.112
0.112
0.112
0.113
0.116
0.117
0.124
0.126
0.128
0.128

0.143
0.145
0.151
0.153
0.159
0.162
0.169
0.171
0.18
0.183
0.184
0.186
0.192
0.205
0.21
0.21
0.213

0.205
0.353
0.196
0.355
0.209
0.404
0.459
0.383
0.144
0.208
0.195
0.248
0.213
0.156

0.227
0.491
0.137
0.194
0.059
0.39
0.395
0.325
0.155
0.271
0.32
0.388
0.306
0.441
0.209
0.49
0.472
0.337
0.292
0.49
0.484
0.37
0.431
0.074

0.303
0.13
0.44

0.119

0.358

0.155

0.168

0.232

0.131

0.353
0.08

0.288

0.483

0.346

0.214

0.251

0.404

(17]

[22]

(17]

[16]

(17]
[21,16,17]
[21,27]
[17]

[22]

(35]
[31,17]
[19]
[36,27,19]
[21,16,36,27,17]

(37]
[23]
(38]
(39]
(17]
[16]
(17]
(17]
(17]
[40]
(23]
[40]
[41]
[23]
(17]
[17]
(22]
[17]
[26]
[42]
(17]
(31]
(27]
[21]

(17]
(35]
(31]
(17]
(17]
(17]
(17]
[17]
(17]
[43]
(17]
[17]
(17]
[23]
(5,61
(32]
(17]
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rs13082711
rs6759321
rs1515100
rs12310367
rs7396835
rs11084753
rs217386
rs987237
rs11220462
rs10195252
rs243021
rs12946454

rs11136341
rs2384550
rs17216525
rs925946
rs11953630
rs7255436
rs174570
rs737337
rs581080
rs255049
rs11776767
rs1367117
rs174601
rs4148008
rs3096277
rs17608766
rs2126259
rs7961581
rs6754295
rs326
rs12130333
rs645040
rs4689388
rs391300
rs2254287
rs7034200
rs1961456
rs2568958
rs6919346
rs7498665
rs442177
rs10761731
rs1084651
rs864745
rs7811265
rs10832963
rs1800961
rs3905000
rs11649653
rs3825807
rs7647305
rs514230
rs12190287
rs2895811

11
20

16
15

14

BP

TC

HDL

TG

Quantitative traits
Body mass index
LDL

Adiposity

LDL

TG

T2D

Systolic blood pressure

TC; LDL
Diastolic blood pressure
Triglycerides

Body mass index; Weight
BP

HDL

LDL cholesterol

HDL

TC

HDL cholesterol

TG

TC; LDL

HDL

HDL

Blood pressure

BP

TC; LDL

Type 2 diabetes

HDL cholesterol; Triglycerides

Triglycerides
Triglycerides
TG

Type 2 diabetes and other traits

Type 2 diabetes
LDL cholesterol

Fasting glucose-related traits; CH

TC

Body mass index; Weight
Plasma Lp (a) levels

Body mass index; Weight
TG

TG

HDL

Type 2 diabetes

TG

TC

HDL cholesterol; TC; HDL
HDL cholesterol

TG

CAD

Body mass index; Weight
TC; LDL

CAD

CAD

Intergenic
KCTD15

TFAP2B

BCL11A

PLCD3; ACBD4; HEXIM1;
HEXIM2

TBX3; TBX5
NCAN; CILP2; PBX4
BDNF

FADS2; FADS3

LCAT

CDH13

TSPANS; LGRS

APOB

LPL; C80rf35; SLC18A1
ANGPTL3; DOCK7; ATGAC

WES1; PPP2R2C
SRR

B3GALT4

GLIS3

NEGR1

LPA
SH2B1; ATP2A1

JAZF1

HNF4A

ABCA1

ADAMTS7
SFRS10; ETV5; DGKG

TCF21
HHIPL1

0.215
0.216
0.231
0.235
0.236
0.242
0.247
0.247
0.259
0.263
0.263
0.291

0.297
0.306
0.316
0.318
0.319
0.325
0.333
0.335
0.337
0.345
0.354
0.355
0.357
0.357
0.362
0.367
0.372
0.372
0.374
0.376
0.379
0.382
0.384
0.387
0.389
0.39
0.397
0.398
0.4
0.404
0.409
0.412
0.415
0.415
0.418
0.419
0.421
0.422
0.431
0.44
0.44
0.442
0.444
0.452

0.215
0.491
0.374
0.365
0.156
0.351
0.453
0.17
0.132
0.394
0.458
0.269

0.412
0.371
0.075
0.259
0.399
0.469
0.117
0.085
0.205
0.211
0.381
0.288
0.341
0.337
0.195
0.144
0.089
0.307
0.256
0.327
0.175
0.226
0.393
0.382
0.435
0.486
0.321
0.336
0.19
0.324
0.395
0.428
0.134
0.491
0.162
0.284
0.025
0.145
0.428
0.433
0.204
0.468
0.368
0.399

[23]
(17]
(17]
(17]
[44]
(27]
(17]
(45]
(17]
(17]
(35]
(28]

[17]
[24]
[16]
[29]
[23]
(17]
(31]
(17]
[17]
(32]
(17]
(17]
(17]
(17]
[24]
(23]
(17]
[26]
(31]
[46]
[21]
(17]
[47]
(33]
[27]
(6]
[17]
[29]
(18]
[29,39]
[17]
(17]
[17]
[26]
(17]
(17]
[16,17]
(31]
(17]
[22]
[29]
(17]
[22]
[22]
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rs1167998
rs340874
rs3741414
rs11558471
rs1799945
rs1329650
rs4759375
rs10892151

rs2075292

rs17367504

rs13107325
rs3757354
rs11920090
rs231362
rs10885122
rs2293889
rs4939883
rs515135
rs11153594
rs4149268
rs643531
rs2290159
rs10146997
rs2332328
rs12936587
rs11634397
rs4731702
rs1030431
rs7944584
rs12328675
rs10830963

rs7129220
rs1111875
rs2166706
rs11014166
rs932764
rs2681492
rs7826222
rs7578597
rs2923084
rs1327235
rs6102059
rs2277862
rs2807834
rs3774372
rs2191349
rs1173771
rs11071657
rs492602
rs3733829
rs10096633

rs7515577
rs4105144

11
10
11

10
12

11
20
20
20

15
19
19

19

Triglycerides

Fasting glucose-related traits; CH
HDL

Fasting glucose-related traits

BP

Smoking behavior; SMK

HDL

Triglycerides

Triglycerides
Systolic blood pressure

HDL; BP
TC; LDL

Fasting glucose-related traits; CH
T2D

Fasting glucose-related traits; CH
HDL

HDL cholesterol; smallLDL

LDL cholesterol

LDL

HDL cholesterol

HDL

TC

Waist circumference

LDL

CAD

T2D

HDL

TC; LDL

Fasting glucose-related traits; CH
HDL

Fasting glucose-related traits;
Fasting plasma glucose; CH
BP

Type 2 diabetes

Fasting plasma glucose

Diastolic blood pressure

BP

Systolic blood pressure
Adiposity

Type 2 diabetes

HDL

BP

LDL cholesterol

TC

TC; LDL

BP

Fasting glucose-related traits; CH
BP

Fasting glucose-related traits; CH
TC

Smoking behavior; SMK

Triglycerides; Other metabolic
traits
TC

Smoking behavior; SMK

DOCK7
PROX1

SLC30A8

LOC100188947

APOA1; APOC3; APOA4;
APOAS5; DSCAML1
APOA1; KIAAD999;
LOC645044

MTHFR; NPPA; CLCNE;
NPPB; AGTRAP

SLC2A2
KCNQ1
ADRA2A

LIPG
APOB

ABCA1

NRXN3

RASD1; SMCR3; PEMT

ZFAND6

MADD

MTNR1B

HHEX
MTNR1B
CACNB2
ATP2B1

MSRA
THADA

MAFB

DGKB; TMEM195

C2CD4B

CYP2A6; EGLN2
LPL

CYP2A6; RABAD

0.462
0.465
0.467
0.47
0.479
0.48
0.49
0.511

0.52

0.523

0.525
0.529
0.532
0.533
0.536
0.552
0.554
0.555
0.558
0.578
0.596
0.607
0.611
0.616
0.618
0.619
0.621
0.624
0.625
0.63
0.633

0.638
0.641
0.641
0.643
0.647
0.65
0.658
0.667
0.67
0.68
0.694
0.697
0.698
0.701
0.705
0.709
0.713
0.713
0.714
0.716

0.716
0.717

0.307
0.489
0.193
0.282
0.157
0.259
0.061
0.032

0.133

0.129

0.083
0.196
0.151
0.486
0.129
0.398
0.159
0.186
0.411
0.392
0.138
0.215
0.188
0.484
0.43
0.341
0.462
0.36
0.317
0.139
0.281

0.116
0.393
0.42
0.375
0.415
0.198
0.192
0.107
0.192
0.458
0.27
0.18
0.322
0.204
0.451
0.394
0.363
0.479
0.368
0.156

0.189
0.284

(31]
(6]

(17]
(6]

[23]
[40]
(17]
(48]

[46]
(28]

[17,23]
[17]
(6]
[35]
(6]
[17]
[31,16,7]
[16]
[17]
[27]
[17]
[17]
[49]
[17]
[22]
[35]
[17]
[17]
(6]
[17]
[6,50]

[23]
[51,52,53]
[54]
[24]
[23]
[24]
[45]
[26]
[17]
[23]
[16]
[17]
[17]
[23]

(6]

[23]

(6]

[17]
[40]
[31,32]

(17]
(37]
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rs381815
rs10923931
rs7134594
rs1260326

rs9989419
rs4506565

rs560887

rs3025343
rs7832552
rs909802
rs5215
rs896854
rs17271305
rs2605100
rs2737229
rs881844
rs2925979
rs9686661
rs838880
rs11605924
rs2237892
rs4607517

rs633185
rs1800562
rs693
rs35767

rs6015450
rs2932538
rs7225700
rs8042680
rs6495122
rs10913469
rs6499640
rs6769511
rs12027135
rs4660293
rs2383208
rs1530440

rs1531343
rs10838738
rs13292136
rs605066
rs7819412

11

12

16
10

20
11

15

17
16

12
11
11

11

12

20

17
15
15

16

10

12
11
9
6
8

Systolic blood pressure

Type 2 diabetes
HDL

Triglycerides; Other metabolic
traits; Two-hour glucose challenge;
CH; TC; TG; largeHDL.

HDL cholesterol

Type 2 diabetes; Fasting glucose-

related traits

Fasting glucose-related traits; Other
metabolic traits; Fasting plasma

glucose; CH

Smoking behavior; SMK

Body mass (lean)
LDL

Type 2 diabetes
T2D

CH

Adiposity

TC

HDL

HDL

TG

HDL

Fasting glucose-related traits; CH

Type 2 diabetes

Fasting glucose-related traits;
Fasting plasma glucose; CH

BP
TC; LDL
LDL cholesterol

Fasting glucose-related traits;
Fasting insulin-related traits; CH

BP
BP
LDL
T2D

Diastolic blood pressure

Weight

Body mass index; Weight

Type 2 diabetes
TC; LDL

HDL

Type 2 diabetes

Diastolic blood pressure

T2D

Body mass index
T2D

HDL
Triglycerides

PLEKHA7

NOTCH2; ADAM30

GCKR

CETP
TCF7L2

G6PC2; ABCB11

DBH
TRHR

KCNJ11
TP53INP1

LYPLALL

CRY2
KCNQ1
GCK

APOB
IGF1

PRC1

CSK; ULK3
SEC16B; RASAL2
FTO

IGF2BP2

CDKN2A; CDKN2B

c100rf107; TMEM26;
RTKN2; RHOBTB1; ARID5B

HMGA2
MTCH2
CHCHD9

XKR6; AMAC1L2

0.726
0.735
0.736
0.743

0.744
0.747

0.749

0.754
0.755
0.759
0.761
0.765
0.768
0.769
0.77
0.771
0.772
0.791
0.8
0.814
0.815
0.823

0.841
0.857
0.861
0.865

0.868
0.886
0.888
0.896
0.903
0.914
0.915
0.918
0.93
0.934
0.935
0.944

0.945
0.953
0.955
0.961
0.967

0.252
0.098
0.442
0.474

0.404
0.356

0.281

0.101
0.278
0.469
0.361
0.474
0.368
0.272
0.285
0.328
0.298
0.217
0.323
0.468
0.054
0.191

0.27
0.037
0.461
0.181

0.104
0.275
0.336
0.361
0.493
0.171
0.389
0.313
0.494
0.225
0.193
0.187

0.141
0.339
0.053
0.414
0.492

[24]
[26]
(17]
[16,32,5,6,17,7]

[55,27]
[3,6]

[6,32,50,56]

[40]
[57]
[17]
[41]
[35]
(6]
[45]
[17]
[17]
[17]
[17]
[17]
(6]
[51,58]
[6,50]

(23]

(17]
[31,32,21]
(6]

(23]
[23]
(17]
(35]
[24]
[29]
[29]
(59]
(17]
[17]
(51]
(28]

(35]
(39]
(35]
(17]
(16]

a

genetic principal components

p-value for association with Ml in the MIGen study, with adjustment for age, sex and
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Table 2: Results for top interactions in MIGen, validation in WTCCC, and meta-analysis. SNP pairs with

p-value for interaction in the MIGen study within 3 orders of magnitude of the significance threshold in

each Analysis are shown in order of decreasing significance. Results for Analyses 2, 3a and 3b are

shown on the following three pages.

Analysis 1
Discovery Discovery MiGen WTCCC Meta:
MAF MAF . R . . analysis
SNP1 SNP2 a a Phenotype Phenotype interaction interaction . .
SNP1™ SNP2 interaction
SNP1 SNP2 p-value p-value
p-value
rs2072183  rs1013442 0.209 0.271 TC; LDL SMK 5.54E-06 8.39E-01 2.08E-02
rs11220462 rs5756931 0.132 0.404 TC; LDL TG 8.32E-06 3.99E-01 7.25E-04
rs7120118 rs4810479 0.251 0.232 HDL TG; HDL 4.75E-05 5.77E-01 7.55E-03
rs2737229  rs381815 0.285 0.252 TC BP 6.83E-05 8.62E-02 2.78E-04
rs3774372  rs2923084 0.204 0.192 BP HDL 8.77E-05 9.36E-01 9.91E-03
rs1800562  rs7350481 0.037 0.079 TC; LDL TG 1.22E-04 9.00E-01 3.83E-02
rs11776767 rs10146997  0.381 0.188 TG OB 1.67E-04 9.12E-02 1.85E-01
rs3177928  rs925946 0.135 0.259 TC; LDL OB 1.72E-04 4.07E-01 2.75E-03
rs12190287 rs1030431 0.368 0.360 MI/CAD TC; LDL 2.34E-04 5.05E-01 2.18E-04
rs645040 rs12190287 0.226 0.368 TG CAD 2.85E-04 4.13E-03 1.37E-01
rs2126259  rs1129555 0.089 0.325 TC; LDL; HDL TC; LDL 2.88E-04 4.28E-01 9.06E-02
rs11558471 rs231362 0.282 0.486 CH CH 3.01E-04 2.54E-01 2.10E-02
rs2807834  rs9982601 0.322 0.128 TC; LDL MI/CAD 3.05E-04 2.37E-01 6.98E-04
rs6759321 rs7961581 0.491 0.307 TC CH 3.08E-04 8.04E-01 3.06E-03
rs6474412  rs1746048 0.227 0.173 SMK MI/CAD 3.23E-04 1.87E-02 5.81E-02
rs10892151 rs6102059 0.032 0.270 TG LDL 3.55E-04 9.27E-01 1.92E-02
rs1329650 rs16969968  0.259 0.388 SMK SMK 5.56E-04 4.73E-01 2.08E-03
rs2247056  rs11556924  0.168 0.353 TG MI/CAD 5.85E-04 3.65E-01 8.09E-03
rs693 rs2254287 0.461 0.435 LDL LDL 5.94E-04 4.27E-01 3.39E-02
rs7578597 rs11953630 0.107 0.399 CH BP 6.11E-04 5.23E-01 6.86E-02
rs12027135 rs11920090 0.494 0.151 TC; LDL CH 6.12E-04 5.10E-02 9.70E-03
rs599839 rs7129220 0.213 0.116 LDL; MI/CAD BP 6.60E-04 2.27E-02 1.23E-01
rs10096633 rs1121980 0.156 0.437 TG OB 6.80E-04 5.16E-01 6.96E-02
rs4607103  rs6919346 0.292 0.190 CH LP(a) 7.18E-04 1.70E-02 1.49E-05
rs13082711 rs7255436 0.215 0.469 BP HDL 7.24E-04 6.79E-01 8.63E-02
rs7832552  rs4939883 0.278 0.159 OB HDL; smallLDL  7.51E-04 3.18E-01 7.49E-03
rs2650000 rs12946454  0.355 0.269 LDL BP 7.53E-04 4.17E-01 4.93E-03
rs7350481 rs12946454  0.079 0.269 TG BP 7.92E-04 6.45E-01 1.42E-02
rs16998073 rs2166706 0.207 0.420 BP CH 8.08E-04 9.71E-01 3.79E-02
rs9818870 rs6450176 0.137 0.288 MI/CAD HDL 8.14E-04 5.38E-01 5.34E-03
rs11220462 rs6495122 0.132 0.493 TC; LDL BP 8.31E-04 5.20E-01 4.46E-02
rs7826222  rs4810479 0.192 0.232 OB TG; HDL 8.87E-04 - -
rs391300 rs2277862 0.382 0.180 CH TC 8.93E-04 2.67E-01 4.95E-04
rs514230 rs881844 0.468 0.328 TC; LDL HDL 8.98E-04 4.36E-01 5.83E-03
rs1333049 rs11071657 0.483 0.363 MI/CAD CH 9.18E-04 1.60E-01 1.02E-02
rs46522 rs1327235 0.472 0.458 MI/CAD BP 9.29E-04 6.59E-01 5.36E-03
rs11014166 rs1746048 0.375 0.173 BP MI/CAD 9.31E-04 6.44E-01 9.06E-03
rs2075292  rs2412710 0.133 0.029 TG TG 9.50E-04 8.13E-02 1.48E-01
rs605066 rs6495122 0.414 0.493 HDL BP 9.95E-04 8.13E-02 9.39E-02
rs13292136 rs909802 0.053 0.469 CH TC; LDL 9.98E-04 3.00E-01 =
rs3905000 rs10761731  0.145 0.428 HDL TG 1.02E-03 6.14E-01 2.54E-03
rs2844479  rs12779790 0.430 0.178 OB CH 1.06E-03 2.81E-01 1.95E-02
rs4846914  rs1800961 0.404 0.025 HDL; TG TC; HDL 1.10E-03 2.35E-01 3.32E-02
rs605066 rs1084651 0.414 0.134 HDL HDL 1.12E-03 5.76E-01 2.49E-03
rs1367117  rs6544713 0.288 0.334 TC; LDL LDL 1.15E-03 1.31E-01 2.40E-04
rs7350481 rs2902941 0.079 0.303 TG TC; LDL 1.17E-03 4.77E-01 2.81E-02
rs1129555  rs4506565 0.325 0.356 TC; LDL CH 1.20E-03 3.92E-01 9.80E-02
rs987237 rs28927680 0.170 0.074 OB TG 1.31E-03 3.31E-02 1.44E-02

a

Minor allele frequency in MIGen controls

Data were available for both SNPs in this pair, but the meta-analysis model returned an

unreliable result due to extreme variance in for some of the interaction terms
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Analysis 2

Meta-

MAF MAF p-value for p-value for | MIGe? ) WTCC,C analysis

SNP1 SNP2 a a ¢ ¢ interaction interaction . .
SNP1 SNP2 MI, SNP1™ MI, SNP2 interaction

p-value p-value p-value

rs3136441  rs9990208 0.123 0.091 1.80E-01 1.20E-04 9.48E-07 8.36E-02 1.52E-02
rs3733829  rs7141502 0.368 0.333 7.14E-01 9.68E-04 9.78E-06 1.24E-01 1.65E-03
rs2293889  rs4076319 0.398 0.171 5.52E-01 7.26E-04 9.83E-06 1.67E-01 4.50E-05
rs12328675 rs12899875 0.137 0.073 6.30E-01 5.39E-04 1.21E-05 3.25E-01 1.80E-04
rs805303 rs12511169  0.346 0.365 2.05E-01 1.36E-04 1.84E-05 2.06E-01 3.07E-03
rs11776767 rs929280 0.38 0.038 3.54E-01 6.15E-04 2.86E-05 1.00E+00 3.79E-03
rs12328675 rs2406422 0.137 0.265 6.30E-01 5.06E-04 3.23E-05 3.76E-01 2.31E-03
rs4846914  rs974819 0.404 0.292 5.83E-02 7.01E-04 3.58E-05 3.92E-02 5.44E-04
rs11920090 rs890022 0.15 0.109 5.32E-01 7.38E-04 4.44E-05 2.18E-01 5.09E-01
rs693 rs7085495 0.461 0.004 8.61E-01 2.56E-04 5.05E-05 2.00E-01 1.25E-01
rs3846662  rs1457480 0.44 0.089 1.51E-01 1.54E-04 5.60E-05 5.90E-01 3.33E-02
rs2166706  rs17202030 0.406 0.444 6.41E-01 8.05E-04 5.96E-05 8.00E-01 1.56E-02
rs1746048 rs4864534 0.173 0.016 1.61E-04 3.04E-04 6.75E-05 1.42E-01 1.54E-01
rs7961581 rs11227513  0.307 0.099 3.72E-01 4.11E-04 8.07E-05 5.60E-01 7.66E-03
rs16942887 rs12619970 0.119 0.282 1.53E-01 3.59E-04 8.09E-05 - -

rs3905000 rs7161989 0.145 0.262 4.22E-01 3.01E-04 8.10E-05 1.09E-01 6.94E-03
rs1333049  rs4686947 0.483 0.167 3.42E-07 2.83E-04 8.28E-05 1.33E-01 1.41E-05
rs7826222 rs4876804 0.167 0.266 6.58E-01 8.05E-04 9.24E-05 = =

rs12936587 rs7940379 0.434 0.204 6.18E-01 9.33E-04 9.34E-05 8.46E-01 2.92E-03
rs1530440 rs12941859 0.187 0.205 9.44E-01 3.82E-04 9.38E-05 8.07E-01 1.02E-02
rs1531343  rs6000401 0.141 0.026 9.45E-01 2.28E-04 9.40E-05 8.09E-01 1.16E-01
rs340874 rs1573809 0.487 0.055 4.65E-01 6.01E-04 1.05E-04 2.58E-01 6.68E-04
rs10423928 rs299467 0.097 0.311 1.40E-03 7.61E-04 1.05E-04 1.40E-01 4.48E-03
rs11605924 rs12346989  0.468 0.048 8.14E-01 6.43E-04 1.08E-04 4.94E-01 4.33E-01
rs3741414  rs12641856  0.137 0.053 4.67E-01 6.08E-04 1.09E-04 3.38E-01 4.66E-02
rs28927680 rs4490836 0.074 0.475 1.28E-01 6.68E-04 1.22E-04 1.66E-01 1.96E-02
rs6548238  rs12595857 0.19 0.51 9.02E-02 9.26E-04 1.26E-04 4.48E-01 2.26E-04
rs492602 rs17069996  0.424 0.058 7.13E-01 1.25E-04 1.28E-04 = =
rs1329650 rs4876804 0.259 0.266 4.80E-01 8.05E-04 1.36E-04 8.03E-02 4.16E-04
rs11084753 rs12497236 0.351 0.099 2.42E-01 7.49E-04 1.45E-04 1.92E-01 2.00E-02
rs231362 rs736288 0.47 0.048 5.33E-01 1.00E-03 1.54E-04 2.60E-01 7.98E-03
rs4373814  rs10050400 0.443 0.028 1.11E-01 9.64E-04 1.58E-04 3.04E-01 8.30E-04
rs599839 rs12286002  0.213 0.056 7.77E-02 6.29E-04 1.73E-04 3.87E-01 1.06E-01
rs1689800 rs9939575 0.381 0.081 6.18E-02 7.73E-04 1.73E-04 7.94E-02 2.10E-01
rs16948048 rs751984 0.368 0.071 7.60E-03 3.23E-04 1.90E-04 7.55E-01 1.61E-02
rs3825807 rs12320080 0.438 0.083 4.40E-01 4.43E-05 1.90E-04 6.00E-01 5.73E-02
rs2237892  rs749146 0.052 0.465 8.15E-01 7.05E-04 2.02E-04 6.77E-02 3.62E-03
rs2072183  rs3794986 0.131 0.418 5.83E-02 4.89E-04 2.14E-04 6.35E-01 1.21E-02
rs649129 rs4298013 0.231 0.448 2.95E-03 4.72E-04 2.17E-04 8.93E-01 1.73E-02
rs2814944  rs4241895 0.145 0.21 3.80E-03 9.59E-04 2.23E-04 9.92E-01 1.53E-02
rs2605100  rs2890593 0.272 0.423 7.69E-01 8.15E-04 2.25E-04 5.88E-01 8.45E-04
rs7129220 rs11723612 0.116 0.296 6.38E-01 9.70E-04 2.36E-04 6.47E-01 4.02E-02
rs11136341 rs12806315 0.358 0.025 2.97E-01 1.91E-04 2.39E-04 6.20E-01 2.66E-02
rs11014166 rs10483099 0.375 0.166 6.43E-01 5.75E-04 2.50E-04 4.86E-01 6.92E-03
rs6015450  rs3112998 0.103 0.412 8.68E-01 4.19E-04 2.57E-04 7.61E-01 2.80E-02
rs2191349  rs10003420 0.452 0.043 7.05E-01 1.60E-05 2.66E-04 9.59E-01 1.22E-01
rs12190287 rs12211268 0.368 0.463 4.44E-01 9.60E-04 2.69E-04 4.60E-01 4.10E-02
rs3846662  rs4947084 0.44 0.127 1.51E-01 7.04E-04 2.80E-04 2.63E-01 1.13E-02
rs7515577  rs4917465 0.189 0.247 7.16E-01 5.97E-04 2.82E-04 8.28E-01 3.71E-03
rs2605100 rs7634628 0.272 0.172 7.69E-01 4.70E-04 2.86E-04 7.14E-02 2.50E-04
rs6474412  rs7272983 0.177 0.114 8.16E-02 3.58E-04 2.96E-04 9.45E-01 2.51E-01
rs4939883  rs9533737 0.159 0.33 5.54E-01 5.37E-04 3.05E-04 9.73E-01 1.69E-02

Minor allele frequency in MIGen controls

Data were available for both SNPs in this pair, but the meta-analysis model returned an
unreliable result due to extreme variance in for some of the interaction terms

p-value for association with Ml in the MIGen study (adjusted for age, sex and IBS principal
components; additive genetic model)




Analysis 3a

Meta-

SNP1 SNP2 MAF MAF  p-value for p-value for 'ntlzl::cetpon ’nYZ:-aci%n analysis
SNP1®  SNP2® MI,SNP1¢ M, SNP2° ' 'on Interaction .+ eraction

p-value p-value p-value

rs761174 rs167490 0.257 0.016 1.75E-05 5.92E-04 3.49E-06 5.90E-03 9.63E-03
rs7614572  rs4241895 0.335 0.21 5.92E-04 9.59E-04 3.19E-05 9.23E-01 1.29E-01
rs17081749 rs11138270 0.09 0.071 4.75E-04 5.59E-04 3.88E-05 7.60E-01 2.66E-02
rs16920992 rs6540043 0.009 0.502 5.75E-04 8.03E-04 4.11E-05 9.51E-01 8.75E-02
rs2906289  rs2871006 0.481 0.296 9.49E-04 8.93E-04 5.44E-05 7.86E-02 1.06E-04
rs2513403  rs11616460 0.27 0.375 6.22E-04 8.09E-04 6.51E-05 8.74E-01 8.73E-03
rs2034441  rs7932813 0.196 0.183 7.56E-04 9.37E-04 6.71E-05 9.28E-01 2.50E-02
rs5882 rs2434853 0.286 0.101 3.10E-04 6.64E-04 6.78E-05 4.13E-01 1.15E-03
rs12941859 rs12626156  0.205 0.008 3.82E-04 2.50E-04 6.91E-05 - -
rs1034383  rs12341867 0.413 0.044 3.66E-04 3.19E-05 7.19E-05 8.51E-01 7.20E-03
rs4233508  rs550517 0.302 0.478 7.57E-04 9.45E-04 7.56E-05 3.63E-01 7.13E-04
rs2353579  rs742487 0.511 0.061 8.83E-04 3.14E-04 7.85E-05 1.53E-01 3.60E-04
rs6852986  rs17149981 0.09 0.032 9.10E-05 1.82E-05 8.90E-05 1.51E-01 3.80E-02
rs10510786 rs7809551 0.395 0.209 3.28E-04 6.33E-04 8.95E-05 4.38E-01 2.59E-02
rs4696618  rs4767329 0.219 0.473 2.27E-04 3.50E-04 9.31E-05 - -

rs12674115 rs10492761 0.19 0.461 5.36E-04 7.59E-04 1.12E-04 7.43E-01 1.01E-02
rs969368 rs8087353 0.074 0.268 5.75E-04 5.69E-04 1.13E-04 6.85E-01 2.51E-02
rs17360414 rs1909218 0.056 0.153 6.44E-04 9.40E-04 1.14E-04 3.09E-01 4.02E-03
rs2324982  rs1870146 0.039 0.11 7.21E-04 5.14E-04 1.15E-04 9.72E-01 1.33E-01
rs3765857  rs477262 0.456 0.307 4.34E-05 9.88E-04 1.23E-04 = =

rs10239003 rs7161989 0.372 0.262 5.33E-04 3.01E-04 1.26E-04 3.77E-01 4.11E-02
rs10510786 rs10050400 0.395 0.028 3.28E-04 9.64E-04 1.29E-04 3.19E-01 8.37E-04
rs8011392  rs3790076 0.2 0.439 5.83E-04 7.89E-04 1.35E-04 8.28E-01 1.82E-02
rs9990208 rs1570647 0.091 0.119 1.20E-04 9.04E-04 1.39E-04 2.28E-01 1.24E-01
rs17350838 rs7193186 0.221 0.076 3.68E-04 7.38E-04 1.47E-04 4.83E-01 3.92E-03
rs2295514  rs442965 0.12 0.209 8.45E-04 5.44E-04 1.48E-04 3.46E-01 3.75E-02
rs2930382  rs17089546  0.346 0.246 3.40E-04 5.17E-06 1.53E-04 8.92E-01 2.44E-02
rs606452 rs289742 0.146 0.148 8.25E-04 5.87E-05 1.76E-04 3.43E-01 3.83E-03
rs7830977  rs5882 0.254 0.286 5.36E-04 3.10E-04 1.77E-04 - -

rs12529747 rs17735525 0.176 0.08 2.71E-04 8.33E-04 1.78E-04 3.01E-01 5.53E-02
rs12672541 rs12626156  0.408 0.008 9.54E-04 2.50E-04 1.82E-04 9.98E-01 -

rs6852986  rs4767329 0.09 0.473 9.10E-05 3.50E-04 1.86E-04 6.00E-01 1.11E-01
rs12497236 rs12626156  0.099 0.008 7.49E-04 2.50E-04 1.89E-04 - -

rs6578453  rs1345117 0.061 0.43 2.57E-05 2.86E-05 1.97E-04 3.69E-01 3.61E-03
rs1407837 rs17619273  0.229 0.031 5.86E-05 6.40E-04 2.00E-04 8.22E-01 2.50E-02
rs4233508 rs10239003 0.302 0.372 7.57E-04 5.33E-04 2.04E-04 2.93E-02 1.63E-01
rs12120351 rs9316444 0.011 0.275 7.73E-04 6.36E-04 2.08E-04 6.75E-01 4.79E-02
rs1486563 rs11656173  0.505 0.4 8.37E-04 6.88E-04 2.08E-04 5.24E-01 2.65E-02
rs7138263  rs11179868 0.23 0.101 6.90E-04 8.29E-04 2.09E-04 5.43E-01 7.99E-03
rs1839022 rs9577914 0.18 0.309 4.74E-04 9.80E-04 2.17E-04 = =

rs234029 rs10811650  0.041 0.514 5.86E-04 7.72E-07 2.20E-04 3.39E-01 4.46E-03
rs7550312  rs974819 0.008 0.292 7.54E-04 7.01E-04 2.22E-04 = =

rs12211268 rs7927116 0.463 0.007 9.60E-04 1.14E-04 2.33E-04 7.56E-01 2.18E-02
rs7518519  rs467634 0.291 0.137 8.63E-04 9.95E-04 2.43E-04 2.47E-01 1.55E-04
rs2182861 rs11660701  0.398 0.423 6.50E-04 5.23E-04 2.49E-04 9.35E-01 7.96E-03
rs4298013 rs12529747 0.448 0.176 4.72E-04 2.71E-04 2.72E-04 2.42E-02 1.93E-03
rs4696618 rs17470826  0.219 0.042 2.27E-04 9.00E-04 2.72E-04 - -

rs925669 rs11656173  0.425 0.4 1.91E-04 6.88E-04 2.76E-04 1.27E-01 1.66E-01
rs12529747 rs1788823 0.176 0.365 2.71E-04 6.94E-04 2.77E-04 2.09E-01 6.90E-04
rs4241895 rs10827949 0.21 0.257 9.59E-04 4.07E-04 2.85E-04 6.54E-01 2.51E-02
rs12511169 rs289742 0.365 0.148 1.36E-04 5.87E-05 2.85E-04 4.69E-01 4.75E-02
rs17202030 rs16956631 0.444 0.043 8.05E-04 6.51E-04 2.86E-04 6.02E-01 3.01E-02
rs17167126 rs11212823 0.04 0.147 4.91E-05 7.97E-04 2.87E-04 5.83E-01 2.62E-02
rs232540 rs3020839 0.376 0.437 4.05E-04 7.95E-04 2.90E-04 7.84E-01 3.06E-02

Minor allele frequency in MIGen controls

Data were available for both SNPs in this pair, but the meta-analysis model returned an
unreliable result due to extreme variance for some of the interaction terms

p-value for association with Ml in the MIGen study (adjusted for age, sex and IBS principal
components; additive genetic model)




Analysis 3b

Meta-

SNP1 SNP2 MAF MAF  p-value for p-value for 'ntlzl::cetl'qon ’nYZ:-aci%n analysis
SNP1®  SNP2® MI,SNP1¢ M, SNP2° ' 'on Interaction .+ eraction

p-value p-value p-value

rs194243 rs4589969 0.285 0.231 3.97E-03 7.75E-03 5.51E-08 9.44E-02 4.78E-05
rs2844477 rs12684383  0.402 0.151 7.17E-03 2.02E-03 1.31E-07 6.25E-01 2.13E-03
rs10496796 rs7660421 0.169 0.099 3.22E-03 9.55E-03 2.56E-07 = =

rs6972638 rs7211960 0.198 0.235 1.91E-03 1.15E-03 3.38E-07 6.01E-02 7.01E-07
rs1414648 rs2203943 0.014 0.407 9.19E-03 4.20E-03 3.66E-07 3.50E-01 9.36E-03
rs6945902  rs7232613 0.221 0.005 6.26E-03 7.04E-03 3.98E-07 7.94E-02 3.83E-05
rs494620 rs12684383  0.493 0.151 1.00E-02 2.02E-03 4.57E-07 3.22E-01 3.39E-03
rs9458301 rs10237218 0.451 0.414 5.71E-03 8.30E-03 5.44E-07 - -

rs2290853  rs6754251 0.011 0.264 8.06E-03 5.93E-03 5.78E-07 4.81E-01 1.20E-01
rs7603414  rs2995214 0.042 0.219 9.80E-03 5.77E-03 6.99E-07 - -

rs2569248 rs11148656 0.436 0.152 3.08E-03 8.56E-03 8.10E-07 1.70E-01 6.47E-05
rs11209322 rs39387 0.43 0.435 9.49E-03 2.55E-03 8.63E-07 7.83E-01 7.64E-03
rs11540586 rs11760323  0.327 0.461 7.64E-03 6.07E-03 8.98E-07 8.86E-01 1.41E-02
rs7009235 rs12460041 0.427 0.062 5.82E-03 7.50E-03 9.18E-07 1.20E-01 2.54E-02
rs884799 rs12155347  0.123 0.024 5.30E-03 7.14E-03 1.06E-06 7.12E-01 1.77E-03
rs6796681  rs10520025 0.1 0.153 7.81E-03 3.40E-03 1.10E-06 5.22E-01 5.89E-03
rs767664 rs11914212  0.247 0.107 7.57E-03 4.42E-03 1.13E-06 4.84E-01 1.01E-03
rs12134558 rs1001415 0.022 0.094 8.88E-03 3.09E-03 1.17E-06 1.80E-01 9.85E-04
rs6599272  rs9341904 0.117 0.485 5.69E-03 4.20E-03 1.20E-06 9.24E-01 2.82E-03
rs7206390 rs1704497 0.163 0.422 4.18E-03 3.24E-03 1.24E-06 7.61E-01 7.69E-04
rs12636662 rs9949270 0.365 0.022 7.42E-03 2.09E-03 1.27E-06 3.46E-01 6.35E-03
rs11675475 rs4946000 0.476 0.013 4.63E-03 1.21E-03 1.28E-06 7.19E-01 4.84E-02
rs756465 rs11595511  0.298 0.015 8.68E-03 4.86E-03 1.45E-06 4.18E-01 1.27E-03
rs11579007 rs1383389 0.403 0.274 7.54E-03 6.47E-03 1.59E-06 4.19E-02 3.68E-05
rs13151220 rs2859369 0.096 0.091 1.00E-02 6.88E-03 1.62E-06 2.46E-01 1.15E-01
rs11660396 rs4945876 0.263 0.082 4.59E-03 5.29E-04 1.64E-06 1.32E-01 2.96E-03
rs4858670 rs17020483 0.334 0.073 3.20E-03 5.84E-03 1.71E-06 2.77E-01 1.78E-03
rs13257940 rs6867011 0.048 0.202 8.35E-03 6.46E-04 1.74E-06 7.29E-01 1.95E-03
rs10811032 rs10796850 0.091 0.33 1.64E-03 8.21E-03 1.75E-06 = =

rs4619848  rs12249208 0.477 0.028 7.73E-03 3.25E-03 1.76E-06 9.69E-02 4.19E-05
rs17045713 rs12457257 0.126 0.324 8.59E-03 8.29E-03 1.77E-06 7.26E-01 5.56E-03
rs12052288 rs4696822 0.122 0.244 8.49E-03 6.91E-03 1.79E-06 6.39E-01 7.18E-03
rs7558386  rs212046 0.379 0.171 1.00E-02 9.25E-03 1.87E-06 1.42E-01 1.65E-02
rs12995732 rs16881257 0.074 0.08 2.70E-03 9.73E-03 1.94E-06 1.35E-01 4.06E-03
rs12732279 rs2007324 0.397 0.439 7.34E-03 5.43E-03 1.96E-06 1.06E-01 1.03E-02
rs2258180 rs4667972 0.485 0.244 5.05E-03 9.74E-04 2.00E-06 2.27E-01 1.19E-02
rs1479027  rs3115512 0.115 0.142 6.49E-03 9.90E-03 2.08E-06 6.93E-01 2.33E-03
rs41561 rs11703137  0.027 0.153 6.30E-03 8.22E-04 2.12E-06 3.50E-01 1.55E-01
rs12244105 rs12277517 0.114 0.027 5.04E-03 1.28E-03 2.23E-06 6.30E-02 1.34E-01
rs243069 rs4734582 0.36 0.144 7.54E-03 6.79E-03 2.25E-06 4.42E-01 3.38E-02
rs6557475  rs4976349 0.107 0.046 9.01E-03 3.70E-04 2.26E-06 8.00E-01 5.45E-02
rs643064 rs4872179 0.072 0.452 3.11E-03 4.86E-04 2.33E-06 3.30E-01 3.42E-03
rs4658345  rs4459626 0.019 0.215 8.41E-03 3.97E-03 2.35E-06 3.30E-01 6.82E-03
rs138400 rs5747997 0.19 0.485 8.87E-03 5.00E-04 2.37E-06 - -

rs227723 rs2058318 0.284 0.382 7.28E-03 5.59E-04 2.56E-06 5.03E-01 7.64E-02
rs7350481 rs7276176 0.052 0.506 3.22E-03 8.97E-03 2.64E-06 5.55E-01 1.19E-02
rs17151028 rs10898329 0.32 0.361 4.21E-03 1.90E-03 2.79E-06 4.04E-01 3.52E-04
rs3971872  rs3788437 0.046 0.167 8.38E-03 3.14E-03 2.91E-06 4.51E-01 1.67E-02
rs867434 rs2302984 0.191 0.103 6.86E-03 7.23E-03 3.12E-06 1.15E-02 1.26E-03
rs13008578 rs16951125 0.164 0.09 4.00E-03 3.19E-03 3.15E-06 7.11E-02 1.33E-02
rs1864933 rs11641045 0.493 0.104 6.52E-03 2.26E-03 3.23E-06 6.56E-01 1.32E-03
rs7176821  rs1865093 0.086 0.093 6.79E-03 4.28E-03 3.37E-06 8.51E-01 8.46E-04
rs1421596 rs17677649 0.15 0.165 4.22E-03 9.65E-03 3.47E-06 4.44E-01 5.15E-04
rs3733471  rs6534832 0.218 0.352 7.50E-03 7.42E-03 3.48E-06 9.89E-01 1.51E-02
rs7560239  rs6446762 0.421 0.019 4.36E-03 7.68E-03 3.49E-06 5.09E-01 2.95E-02

Minor allele frequency in MIGen controls

Data were available for both SNPs in this pair, but the meta-analysis model returned an
unreliable result due to extreme variance in for some of the interaction terms

p-value for association with Ml in the MIGen study (adjusted for age, sex and IBS principal
components; additive genetic model)




Table 3. Power computation.

Effect sizes (B%®) for pairs of SNPs with MAFs between 0.02 and 0.5, under a additive x additive

interaction model (results for other models not shown). '--' denotes instances where the effect size

could not be calculated for any of the SNP pairs sampled because of the low frequency of the double

rare homozygote. See S3.6 for details of computation and S.F4 for a graphical representation of these

results, and also for dominant x dominant and recessive x recessive interaction models.

ANALYSIS 1. Additive x additive model
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ANALYSIS 2. Additive x add

tive model
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ANALYSIS 3b (marginal SNPs p<107). Additive x additive model
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Figures

Figure 1. Source literature and process for selection of cardiovascular risk factor SNPs. Details of

references supporting the inclusion of the selected SNPs is provided in S.T1
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{

209 SNPs © 155 SNPs
t """""" » Excluded SNPs with reported p-values >5 x 108
364 SNPs
":: """" » 3 SNPs were not in HWE in the MIGen Study
"""" » 119 SNPs excluded due to LD redundancy

242 Cardiovascular Risk Factor SNPs

(included in Stage 1 & 2 analyses)

a. National Human Genome Research Institute Catalogue of Published Genome-Wide Association Studies[4], queried June
30" 2010.

b. Data from some relevant additional studies that were not included in the NHGRI catalogue on the date of our search
were subsequently added to the list of CVRF SNPs. This is not an exhaustive list of all additional potentially relevant
studies that have been published to date.

c. Querying the NHGRI catalogue (June 30th 2010) using the search terms shown in the ‘Reported Phenotypes’ column
above returns more than 209 SNPs. This is because some search terms are of a general nature (e.g. biochemical
measures, quantitative traits), and some of the results they return relate to specific sub-phenotypes that were not
relevant for our analysis. We removed SNPs associated with these non-relevant phenotypes (unless they were also
associated with phenotypes of interest), resulting in a list of 209 unique SNPs related to phenotypes of interest.
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Figure 2. Graphical representation of interaction pairs tested in each Analysis.

Analysis
1 2 3a 3b

Marginal
SNPS

242
CVRF
SNPs

13 SNPs with
p<10- are also
CVRF SNPs

643 SNPs
with p<10-3
(and not in
CVRF SNP list)

p=103

5,410 SNPs with
103<p<102 (6,066
in total with p<10-?)

p=102

Sets of SNPs included in each Analysis are represented on the vertical axis (not to scale) and indicated by braces ('{' & '}';
CVRF SNP and marginal SNPs in the left and right columns, respectively). Individual pair-wise tests are represented
schematically as dotted grey lines connecting the elements (black dots) of two lists of SNPs (represented by vertical lines).
Analysis 1: 29,161 pair-wise tests among 242 CVRF SNPs; Analysis 2: 155,606 pair-wise tests between the 242 CVRF SNPs
and the 643 SNPs that had marginal p-value<10'3 for association with Ml in MIGen and that were not included in Analysis 1;
Analysis 3a: 206,403 pair-wise tests among the 643 marginal SNPs from Analysis 2; Analysis 3b: 18,180,305 pair-wise tests
among 6,066 SNPs with marginal p<10‘2 in MIGen after excluding tests from previous Analyses.

25



Figure 3. Distribution of observed results with respect to their empirical expected null distribution, and
computation of significance threshold to account for non-independence between tests (Analyses 2, 3a
and 3b shown in rows 1-3 respectively; see Figure 2 in the main manuscript for results of the Analysis 1
analysis).

QQ-plots (left column). Quantile-quantile plots showing rank-ordered observed results (black points; y-
axis) against expected results (x-axis) estimated from a large number of permutations of the analysis
under the null hypothesis (randomized Ml status). See S3.5 for computation methods. The shaded gray
area corresponds to the 95% confidence interval of the permuted expected results. Note that, while
our estimates of the expected results for Analyses 2-3 should be robust since they correspond to the
medians for each rank, the boundaries of the 95% Cl are less stable because they correspond to the
2.5™ and 97.5" percentiles of the results from a smaller number (shown) of permutations than in
Analysis 1 (main manuscript, Figure 2), particularly for Analysis 3b. The 95% Cl of a normal distribution
is indicated by the dotted lines.

Computation of significance threshold (right column). Data are shown as a density plot, indicating the
relative proportions (density, x-axis) of results throughout the range of maximum p-values (y-axis)
obtained in a large number (see S3.4) of permutations under the null hypothesis (Test B; dotted line). A
plot of the theoretical beta-distribution of these results, whose parameters were estimated using the
empirical distribution, is shown as a solid line. The top result for Test A, as well as the 95t percentile of
the beta-distribution, corresponding with the —logio(p-value) threshold required to achieve a Type 1

error rate of a=0.05 are indicated by the arrows (see S3.4 for methods).
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Figure 3. cont.
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Figure 4. Power computation.

Effect sizes for pairs of SNPs with MAFs between 0.02 and 0.5, under dominant x dominant, recessive x
recessive or additive x additive interaction models (Analyses 1, 2, 3a and 3b are shown in rows 1-4,
respectively). Allele bins for the SNPs compared are shown on the x- and y-axes, and the effect size our
study has 80% power to detect is shown on the z-axis. MAF pairs with missing data (value of 0 on the z-
axis) indicate instances where the effect size could not be calculated for any of the SNP pairs sampled
because of the low frequency of the double rare homozygote. Results are duplicated on either side of a

diagonal through the near apex. See S.T3 for raw results.
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Note 1

Joint case-control/case-only interaction analysis

1. Introduction

If we observe a correlation between the alleles or genotypes at two loci in a sample of disease cases,
but not in the general population, this would indicate that these variants interact to modulate disease
risk. In a case-only interaction analysis, we compute correlation statistics for SNP pairs that are
uncorrelated (i.e. in LD) in the general population. Additional power in a case-only analysis is gained
from the assumption that the correlation between loci in controls is 0; therefore, this proportion is not
an estimation and contains no error.

This approach has the disadvantage that interaction testing cannot be performed between variants
that are correlated in the general population. However, this design can be extended to a joint case-
control/case-only design, which formally tests for differences in the level of two-locus correlation
among cases compared to that among controls, allowing us to also consider SNPs that are correlated in

the general population, but that may have a different level of correlation among cases.

2. Methods

We have implemented this test by fitting a multinomial regression model, which tests for a significant
interaction between case-control status and the genotype of one SNP (SNP 1) as a predictor of the
genotype of another SNP (SNP 2); essentially, this compares the level of correlation between the two
SNPs among cases to that among controls (4 df).

SNP2 ~ SNP1 + MI + SNP1xMI + AGE + SEX + PCl1 + PC2
I I [

3-level Main effects Interaction Covariates
response term
variable

Similarly to the main case-control analysis reported in this manuscript, we tested for interaction by
using a likelihood ratio test to compare the fit of a multinomial regression model containing the SNP 1
x Ml status term to an equivalent model lacking this term, with adjustment for age, sex and the first

two genetic principal components (PC).
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3. Results
We compared the results obtained using the case-control test reported in the main manuscript and
those obtained using the joint case-control/case-only models, and observed a strong correlation

(Pearson correlation coefficient, r’=0.985 and r?=0.972 for Analyses 1 and 2 respectively; Figure).

4. Comments

The gain in power expected by using the case-only interaction design is likely to be neutralized by the
additional error involved in estimating the two-locus correlation among controls in the more general
joint case-control/case-only design. Mathematically, the case-control (Test A) and joint case-
control/case-only are very similar, with the result that we observe a strong correlation between the
results under each design.

The joint case-control/case-only design was previously reported by Zhao et al.[60] to be more powerful
than a standard logistic regression, but as highlighted by Cordell[61], this might be because of the
smaller numbers of degrees of freedom that results from using an allelic test. This allelic test only
considers additive interaction models, which may be a disadvantage depending on whether additive x
additive models are truly the most common type of gene-gene interaction. Our implementation of the
joint case-control/case-only design allows us to capture all interaction models, and also has the

advantage of allowing for covariate adjustment.
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Note 1, Figure. Comparison of results using the case-control (Test A) and joint case-control/case-only
designs.
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Note 2

Logic Regression analysis

1. Introduction
Logic regression was used to perform a preliminary scan for complex interactions, and to investigate
whether higher orders of interaction (e.g. pair-wise, 3-way, 4-way, etc.) are more informative in terms
of improving the fit of a regression model. Logic regression is an adaptive regression methodology
developed mainly for exploring high-order interactions in genomic data[62,63]. It is also useful for
predicting the outcome in regression problems based on Boolean combinations of logic variables (for
instance a SNP coded as the rare homozygote genotype or not) using logical expressions (e.g. 'AND',
'OR!, etc.) (see ref[63] for further details). These combinations are known as logic trees, L.
The order of interactions expressed by a logic tree is given by its size, which corresponds to the
number of combinations of SNPs it contains, each connected by a logical expression. Moreover, for
complex diseases we may want to simultaneously consider the additive effects of more than one logic
tree as potential predictors of the outcome of interest. Thus, we can model these variables (as
predictors of the likelihood of a dichotomous outcome, for example) as follows:

logit(P(Y =1 X)) = b, +bX +Z]:b| L,

i=1

where each Lj is a separate logic tree, Y is the outcome (Y=0 for controls, Y=1 for cases) and X denotes
covariates (e.g. age, sex, eigen vectors, etc.). Note that, since this technique searches for logical
combinations of genetic risk factors, the SNPs being analyzed must necessarily be coded under
dominant/recessive models, such that risk may be associated with the presence or absence of either

allele.

2. Methods

In order to assess the relative gain of information that might be available by exploring higher order
interactions, we used a cross-validation approach implemented in the LogicReg::logreg function to
search for robust models containing up to 5 SNPs distributed across up to 5 logic trees. The sample was
partitioned into a training set, in which these models were fit, and a test set, in which the robustness of

the best fitting models was assessed. The “quality” of the models under consideration is assessed using
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a score function, which in our case (logistic regression of predictors on the dichotomous Ml response)
reflects the model deviance, where the best fitting models are those that have the lowest total
deviance. Having estimated the optimal model type/complexity, we then performed an exhaustive
search of the dataset to identify the best fitting scenario (combination of SNPs and logic trees).

We performed this model search among the 242 risk factor SNPs analyzed in Analysis 1, and the 643
SNPs with marginal association with M| that were analyzed in Analysis 3a. We were unable to use the
logic regression approach to search for interactions between the SNPs included in Analysis 2 because
this consisted of two mutually exclusive sets of SNPs (S.F2), whereas LogicReg::logreg is currently
restricted to searching for interactions within a single set of SNPs. Moreover, due to computational
restrictions, we were unable to perform a joint search of all 6,066 SNPs in Analysis 3b of the main
analysis, so we limited this search to a random sample of 2,000 of the Analysis 3b SNPs. All of these

analyses were adjusted for sex.

3. Results

In the following figures, we present the results of the model search (left column) and the search for the
best fitting scenario under the optimal model (right column). The results of the model search are
presented as a graph of the average deviances (y-axis) of all models tested (black squares), where the
best fitting model has the lowest deviance. The number of logic trees in the model is shown in the

black squares, and the number of variants distributed across these trees indicated on the x-axis.

Analysis 1 — SNPs strongly associated with CAD risk or with classical cardiovascular risk factors.

tree 1out of 4total sizeis 5 tree 2 out of 4total sizeis 5

Paraneter = 0.273 Parameter =-0.2235
and
g rs17465637
] e - rs200099! rs3185504 rare
§ g B N BTN rare rare
5 o
LM
¥ + tree 3out of 4 total sizeis 5 tree4out of 4total sizeis 5
g Paraneter = 0.2797 Parameter =-0.276
§ rs1333049 rs1121980
T T T T T rare homozygot| rare homozygote
1 2 3 4 5
nodel size
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The best scoring model contained 5 variants distributed over 4 logic trees, as follows:

Ml risk ~ 0.273*[presence of rs2000999 rare AND rs3184504_rare] - 0.223*[presence of
rs17465637 rare] + 0.28*[absence of rs1333049 rare homozygote] - 0.276*[presence of
rs1121980 rare homozygote]

These results highlight the fact that model fit is improved primarily by the additive effects of individual
variants, and that interaction effects only begin to become relevant when the model is already very
complex. Note that, unlike in the subsequent Analyses, addition of multiple single loci significantly
improves model fit (i.e. improves the estimation of risk) because these variants are already known to

be relevant for cardiovascular risk factors or CAD endpoints.

Analysis 3a — SNPs with modest marginal association with Ml in the MIGen study (with p <107).

tree 1 out of 1 total sizeis 2

Paranmeter =-0.4677
8 or

+ rs10003420 rs12860374
rare rare homczygote

nodel size

The best scoring model contained 2 variants in a single logic tree, as follows:

Ml risk ~-0.468*[presence of rs10003420_rare OR rs12860374_rare homozygote]
On the basis of these results, we find no evidence to suggest that high-order interactions are important
for Ml risk. A second order interaction provided the best model fit, but this fit was not significantly

better that that of models that consisted of single SNPs or 3-, 4-, or 5-way interaction.
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Analysis 3b — A sample of 2000 SNPs with modest marginal association with Ml in the MIGen study
(with p 1072).

tree 1 out of 1 total sizeis 2

Parameter =-0.3677
! , and
é # rs1000342 rs12860374
g I ‘l# % common common
homozygote homozygote
T T T T T
1 2 3 4 5

nodel size

The best scoring model contained 2 variants in a single logic tree, as follows:

Ml risk ~ -0.368*[presence of rs1887797 _common homozygote AND rs31696_common homozygote]
The results of this analysis are consistent with those from Analysis 3a, in showing no significant
evidence to suggest that higher order interactions improve the estimation of disease risk over the

information provided by single loci.

4. Conclusion
In general, the results of this logic regression analysis are consistent with those of the analysis of gene-
gene interactions described in the main manuscript in that they indicate that little additional

information is to be gained from these data by exploring pair-wise or higher order interactions.
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Appendix 1

MIGen Investigators

MEMBERS

Sekar Kathiresan (leader), Benjamin F Voight, Shaun Purcell, Kiran Musunuru, Diego Ardissino, Pier M Mannucci, Sonia
Anand, James C Engert, Nilesh J Samani, Heribert Schunkert, Jeanette Erdmann, Muredach P Reilly, Daniel J Rader, Thomas
Morgan, John A Spertus, Monika Stoll, Domenico Girelli, Pascal P McKeown, Chris C Patterson, David S Siscovick,
Christopher J O'Donnell, Roberto Elosua, Leena Peltonen, Veikko Salomaa, Stephen M Schwartz, Olle Melander, David
Altshuler

Italian Atherosclerosis, Thrombosis and Vascular Biology Study. Diego Ardissino, Pier Angelica Merlini, Carlo Berzuini, Luisa
Bernardinelli, Flora Peyvandi, Marco Tubaro, Patrizia Celli, Maurizio Ferrario, Raffaela Fetiveau, Nicola Marziliano, Giorgio
Casari, Michele Galli, Flavio Ribichini, Marco Rossi, Francesco Bernardi, Pietro Zonzin, Alberto Piazza, Pier M Mannucci

Heart Attack Risk in Puget Sound. Stephen M Schwartz, David S Siscovick, Jean Yee, Yechiel Friedlander
Registre Gironi del COR. Roberto Elosua, Jaume Marrugat, Gavin Lucas, Isaac Subirana, Joan Sala, Rafael Ramos

Massachusetts General Hospital Premature Coronary Artery Disease Study. Sekar Kathiresan, James B Meigs, Gordon
Williams, David M Nathan, Calum A MacRae, Christopher J O'Donnell

FINRISK. Veikko Salomaa, Aki S Havulinna, Leena Peltonen

Malmo Diet and Cancer Study. Olle Melander, Goran Berglund

FUNDING SOURCES

HARPS. The HARPS study was supported by the grants (RO1HL056931, P30ES007033) and a contract (NO1HD013107) from
US National Institutes of Health.

REGICOR. The REGICOR study was partially funded by the Ministerio de Sanidad y Consumo, Instituto de Salud Carlos IlI
(Red HERACLES RD06/0009), the CIBER Epidemiologia y Salud Publica, the FIS and AGAUR Generalitat de Catalunya.

Massachusetts General Hospital. The MIGen study was funded by the US National Institutes of Health (NIH) and National
Heart, Lung, and Blood Institute’s STAMPEED genomics research program through a grant to D.A. S.K. is supported by a
Doris Duke Charitable Foundation Clinical Scientist Development Award, a charitable gift from the Fannie E. Rippel
Foundation, the Donovan Family Foundation, a career development award from the NIH and the Department of Medicine
and Cardiovascular Research Center at Massachusetts General Hospital. J.B.M. is supported by grant K24 DK080140 from
the NIH.

Broad Institute. Genotyping was partially funded by The Broad Institute Center for Genotyping and Analysis, which is
supported by grant U54 RR020278 from the National Center for Research Resources.

FINRISK. V.S. was supported by the Sigrid Juselius Foundation. L.P. was supported by the Center of Excellence in Complex
Disease Genetics of the Academy of Finland, the Nordic Center of Excellence in Disease Genetics and the Finnish Foundation
for Cardiovascular Research.
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Appendix 2

WTCCC Investigators

MEMBERS
Primary Investigators

David Bentley, Matthew A. Brown, Lon R. Cardon, Mark Caulfield, David G. Clayton, Alistair Compston, Nick Craddock, Panos
Deloukas, Peter Donnelly, Martin Farrall, Stephen C. L. Gough, Alistair S. Hall, Andrew T. Hattersley, Adrian V. S. Hill,
Dominic P. Kwiatkowski, Christopher G. Mathew, Mark I. McCarthy, Willem H. Ouwehand, Miles Parkes, Marcus Pembrey,
Nazneen Rahman, Nilesh J. Samani, Michael R. Stratton, John A. Todd, Jane Worthington

Management Committee

Paul R. Burton, David G. Clayton, Lon R. Cardon, Nick Craddock, Panos Deloukas, Audrey Duncanson, Dominic P.
Kwiatkowski, Mark I. McCarthy, Willem H. Ouwehand, Nilesh J. Samani, John A. Todd, Peter Donnelly, (Chair)

Data and Analysis Committee

Jeffrey C. Barrett, Paul R. Burton, Dan Davison, Peter Donnelly, Doug Easton, David Evans, Hin-Tak Leung, Jonathan L.
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Antony P. Attwood, James P. Boorman, Barbara Cant, Ursula Everson, Judith M. Hussey, Jennifer D. Jolley, Alexandra S.
Knight, Kerstin Koch, Elizabeth Meech, Sarah Nutland, Christopher V. Prowse, Helen E. Stevens, Niall C. Taylor, Graham R.
Walters, Neil M. Walker, Nicholas A. Watkins, Thilo Winzer, John A. Todd & Willem H. Ouwehand

1958 Birth Cohort Controls
Richard W. Jones, Wendy L. McArdle, Susan M. Ring, David P. Strachan, Marcus Pembrey
Coronary Artery Disease

Stephen G. Ball, Anthony J. Balmforth, Jennifer H. Barrett, D. Timothy Bishop, Mark M. lles, Azhar Magbool, Nadira
Yuldasheva, Alistair S. Hall (Leeds), Peter S. Braund, Paul R. Burton, Richard J. Dixon, Massimo Mangino, Suzanne Stevens,
Martin D. Tobin, John R. Thompson, Nilesh J. Samani

DNA, Genotyping, Data QC and Informatics
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