THE UMIVERSITY OF

NEWCASTLE

AUSTRALIA

NOVA
University of Newcastle Research Online

nova.newcastle.edu.au

Holliday, Elizabeth G.; Maguire, Jane M.; Malik, Rainer; McEvoy, Mark; Biros, Erik;
Lewis, Martin D.; Lincz, Lisa F.; Peel, Roseanne; Oldmeadow, Christopher; Smith,
Wayne; Moscato, Pablo; Barlera, Simona; Evans, Tiffany-Jane; Bevan, Steve; Bis, Joshua
C.; Boerwinkle, Eric; Boncoraglio, Giorgio B.; Brott, Thomas G.; Scott, Rodney J.; Levi,
Christopher; Attia, John; Koblar, Simon A.; Jannes, Jim; Sturm, Jonathan W.; Hankey,
Graeme J.; Baker, Ross; Golledge, Jonathan; Parsons, Mark W. ‘Common variants at
6p21.1 are associated with large artery atherosclerotic stroke”. Originally published
Nature Genetics Vol. 44, p. 1147-1153 (2012)

Available from: http://dx.doi.org/10.1038/ng.2397

Accessed from: http://hdl.handle.net/1959.13/1041721



http://dx.doi.org/10.1038/ng.2397
http://hdl.handle.net/1959.13/1041721

Common variants at 6p21.1 are associated with large artery atherosclerotic stroke

Elizabeth G. Holliday %, Jane M. Maguire ***, Tiffany-Jane Evans %°, Simon Koblar "%, Jim Jannes "2, Jonathan
11,12 11,13

W. Sturm >**° Graeme J. Hankey "%, Ross Baker ****, Jonathan Golledge '***, Mark W. Parsons *, Rainer
Malik *¢, Mark McEvoy 117 Erik Biros **, Martin D. Lewis "*8, Lisa F. Lincz **"*°, Roseanne Peel *"/, Christopher
Oldmeadow *’, Wayne Smith *’, Pablo Moscato %°, Simona Barlera %!, Steve Bevan %, Joshua C. Bis %, Eric
Boerwinkle %, Giorgio B. Boncoraglio % Thomas G. Brott *°, Robert D. Brown, Jr %/, Yu-Ching Cheng 8 John
3132 Myriam Fornage % Karen L. Furie *, Sélveig
Grétarsdottir 2, Andreas Gschwendtner **, Mohammad Arfan lkram 3%3°3¢, w. T. Longstreth, Jr 373839 jJames
F. Meschia *°, Braxton D. Mitchell %%, Thomas H. Mosley 0 Michael A. Nalls *, Eugenio A. Parati 2 Bruce M.

23,37,42,43 344 Gudmar Thorleifsson *3, Unnur Thorsteinsdottir ****,

W. Cole %, loana Cotlarciuc *°, William J. Devan

Psaty , Pankaj Sharma %0 Kari Stefansson
Matthew Traylor %?, Benjamin F.J. Verhaaren ***¢, Kerri L. Wiggins %, Bradford B. Worrall *°, The Australian
Stroke Genetics Collaborative *°, The International Stroke Genetics Consortium *¢, The Wellcome Trust Case
Control Consortium 2 ¢, Cathie Sudlow *’, Peter M. Rothwell *¢, Martin Farrall **°°, Martin Dichgans 16

Jonathan Rosand "%, Hugh S. Markus 2 Rodney J. Scott 2’6’51*, Christopher Levi 4*, John Attia ¥**

1  Centre for Clinical Epidemiology and Biostatistics, School of Medicine and Public Health, University of
Newcastle, New South Wales, Australia

2 Centre for Bioinformatics, Biomarker Discovery and Information-Based Medicine, Hunter Medical
Research Institute, Newcastle, New South Wales, Australia

3 School of Nursing and Midwifery, University of Newcastle, New South Wales, Australia
Centre for Brain and Mental Health Research, University of Newcastle and Hunter Medical Research
Institute, New South Wales, Australia

5 Department of Neurosciences, Gosford Hospital, Central Coast Area Health, New South Wales, Australia

6 School of Biomedical Sciences and Pharmacy, University of Newcastle, New South Wales, Australia

7  Stroke Research Program, School of Medicine, University of Adelaide, South Australia, Australia

8 Stroke Unit, Department of Neurology, Queen Elizabeth Hospital, Adelaide, Australia

9 Florey Neurosciences Research Institute , Melbourne, Australia

10 School of Medicine and Public Health, University of Newcastle, New South Wales, Australia

11 Royal Perth Hospital, Perth, Western Australia, Australia

12 School of Medicine and Pharmacology, University of Western Australia, Australia

13 Centre for Thrombosis and Haemophilia, Murdoch University, Perth

14 Vascular Biology Unit, School of Medicine and Dentistry, James Cook University, Townsville,
Queensland, Australia

15 Department of Vascular Surgery, The Townsville Hospital, Townsville, Queensland, Australia

16 Institute for Stroke and Dementia Research [ISD], Medical Center, Klinikum der Universitdt Minchen,
Ludwig-Maximilians-University, Munich, Germany

17 Hunter Medical Research Institute and University of Newcastle, New South Wales, Australia

18 Discipline of Genetics, School of Molecular & Biomedical Sciences, University of Adelaide, South
Australia

19 Hunter Haematology Research Group, Calvary Mater Newcastle Hospital, Newcastle, Australia



20

21

22
23

24

25

26
27
28
29
30
31
32

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51

School of Electrical Engineering and Computer Science, University of Newcastle, New South Wales,
Australia

Department of Cardiovascular Research, Istituto di Ricerche Farmacologiche “Mario Negri”, Milano,
Italy

Stroke and Dementia Research Centre, St George's University of London, London, United Kingdom
Cardiovascular Health Research Unit, Department of Medicine, University of Washington, Seattle, WA,
USA

Institute of Molecular Medicine and Human Genetics Center, the University of Texas Health Science
Center at Houston, Houston, Texas

Department of Cerebrovascular Diseases, Fondazione IRCCS Istituto Neurologico Carlo Besta, Milan,
Italy

Department of Neurology, Mayo Clinic, Florida, USA

Mayo Clinic, Rochester, MN, USA

Department of Medicine, University of Maryland, Baltimore, MD, USA

Baltimore Veterans Affairs Medical Center and University of Maryland School of Medicine, MD, USA
Imperial College Cerebrovascular Research Unit (ICCRU), Imperial College, London, UK

Program in Medical and Population Genetics, Broad Institute, Cambridge, MA, USA

Center for Human Genetic Research, Massachusetts General Hospital, Boston, MA and Department of
Neurology, Harvard Medical School, Boston, MA, USA

deCODE Genetics, Sturlugata 8, IS-101 Reykjavik, Iceland

Department of Epidemiology, Erasmus MC University Medical Center, Rotterdam, The Netherlands
Department of Neurology, Erasmus MC University Medical Center, Rotterdam, The Netherlands
Department of Radiology, Erasmus MC University Medical Center, Rotterdam, The Netherlands
Department of Epidemiology, University of Washington, Seattle, WA, USA

Department of Medicine, University of Washington, Seattle, WA, USA

Department of Neurology, University of Washington, Seattle, WA, USA

University of Mississippi Medical Center, Department of Medicine, Jackson, Mississippi, USA
National Institute on Ageing, National Institute of Health, Bethesda, MD USA

Department of Health Services, University of Washington, Seattle, WA, USA

Group Health Research Institute, Group Health, Seattle, WA, USA

Faculty of Medicine, University of Iceland, Reykjavik, Iceland

Department of Neurology, University of Virginia, Charlottesville, USA

Members are listed in a Supplementary Note

Division of Clinical Neurosciences, University of Edinburgh, Edinburgh, United Kingdom

University Department of Clinical Neurology, John Radcliffe Hospital, Oxford, United Kingdom
Wellcome Trust Centre for Human Genetics, University of Oxford, Oxford, UK

Department of Cardiovascular Medicine, University of Oxford, Oxford, UK

Division of Genetics, Hunter Area Pathology Service, Newcastle, New South Wales, Australia

"These authors jointly directed this work



Corresponding (submitting) author:

Dr Elizabeth Holliday

Hunter Medical Research Institute
Locked Bag 1, HRMC NSW 2310, Australia
Tel: +61 (0)2 49138823

Fax: +61 (0)2 49138148

Email: Liz.Holliday@newcastle.edu.au



Genome-wide association studies (GWAS) have not consistently detected replicable genetic risk factors for
ischemic stroke, potentially due to etiological heterogeneity of this trait. We performed GWAS of ischemic
stroke and a major ischemic stroke subtype (large artery atherosclerosis: LAA) using 1162 ischemic stroke
cases (including 421 LAA cases) and 1244 population controls from Australia. Evidence for a genetic
influence on ischemic stroke risk was detected, but this was higher and more significant for the LAA
subtype. We identified a novel LAA susceptibility locus on chromosome 6p21.1 (rs556621: OR=1.62,
P=3.9x10®) and replicated this in 1,715 LAA cases and 52,695 population controls from ten independent
population cohorts (meta-analysis replication OR=1.15, P=3.9x10"*; discovery and replication combined
OR=1.21, P=4.7x10®). This study suggests a genetic risk locus for LAA and supports the analysis of
etiological subtypes to better identify genetic risk alleles for ischemic stroke.

Stroke affects approximately 15 million persons worldwide each year * and is a leading cause of death and
adult acquired disability >*. The vast majority of strokes are ischemic, involving cerebral artery blockage by
atherosclerotic plaque or embolus. While clinical risk factors for ischemic stroke are well established *, the
genetic risk alleles are incompletely identified. Genetic influences on stroke risk are supported, however, by
higher concordance among monozygotic than dizygotic twins >, increased risk among family members of
affected individuals ® and high heritability of intermediate predictors including carotid intima-media

thickness (IMT: h’~30-60% ") and white matter lesions (h°~50-70% °'°).

With the exception of the 4¢25 locus associated with atrial fibrillation and ischemic stroke ***2, the 9p21

13,14

region associated with coronary artery disease and ischemic stroke >, and a recently described 7p21.1
association with LAA *°, genome-wide association studies (GWAS) for ischemic stroke have identified few
convincingly associated variants. Inability to replicate many reported associations may be attributable to
phenotypic heterogeneity, a challenge that could be partly addressed by more complete subtyping of
ischemic stroke etiology. At least three major ischemic stroke etiological types are commonly distinguished:
1) large artery atherosclerosis (LAA); 2) cardioembolism (CE) and; 3) small vessel occlusion (SVO) *°. Genetic
heterogeneity may contribute to this phenotypic diversity; a recent, well-powered GWAS of ischemic stroke
detected heterogeneity of risk locus effects across stroke subtypes *® and family studies have also identified
differences in subtype heritability, owing perhaps to variable roles of heritable intermediate phenotypes

such as hypertension and large vessel atherosclerosis *’. The greatest familial risk has been associated with

LAA, for which family history confers significant risk even beyond the seventh decade of life °.

We conducted a GWAS of ischemic stroke in an Australian sample of European ancestry involving 1230 cases
and 1280 population controls. The causal subtype of ischemic stroke was classified using TOAST criteria *°.

Demographic and clinical characteristics of the ASGC dataset are summarised in Supplementary Table 1.



After quality control of genotype data, data on 551, 514 SNPs from 1162 ischemic stroke cases and 1244
controls were used for genotype imputation and genetic analysis. Prior to GWAS, we assessed the genetic
contribution to ischemic stroke and the LAA, CE and SVO subtypes using a recent method *® which estimates
the proportion of phenotypic variance (V,/V,) attributable to variation in genotyped SNPs. For ischemic
stroke, the estimated genetic load was substantial (V,/V,, ;s = 0.39), with SNPs explaining a significant
proportion of phenotypic variation (P=4.5x10). For cases with the LAA subtype, we observed a higher, more
significant estimate of genetic load (V,/V,, 14a = 0.66; P=5.6x10"), consistent with previous reports of high
familial risk for LAA °. Evidence for genetic contribution was less significant for the CE and SVO subtypes

(V4/ Ve = 0.6, P=0.0026 and V,/V, svo = 0.1, P=0.33, respectively: see Table 1).

We performed two primary genome-wide association analyses (GWAS) in the Australian discovery sample,
comparing (i) all ischemic stroke cases (n=1162) and; (ii) LAA cases (n=421) with population controls
(n=1244). GWAS of the CE and SVO subtypes, which had both fewer cases and a less significant V,/V,
estimate, were performed as supplementary analyses (see Supplementary Tables 2-3, Supplementary
Figures 1-2). Genotype effects were estimated using logistic regression models (1 degree of freedom
additive trend test) adjusted for age and sex. Results were compared with a pre-specified significance
threshold of 5x10°, corresponding to Bonferroni adjustment for 10° independent tests. Q-Q plots
(Supplementary Figure 3) indicated excellent quality of the GWAS data and an absence of systematic bias by

population sub-structure or other artefacts.

Analyses of ischemic stroke detected the strongest signals at several SNPs within the SLC5A4 gene on
chromosome 22q12.3 (see Fig. 1, Supplementary Figure 4, Supplementary Table 4). Peak association was
detected at rs5998322 (Pyens=3.91x107, OR=1.97, 95% Cl 1.51 — 2.57) within exon 11. A strong signal was
also detected 4 Mb downstream of this peak at a number of SNPs located within and upstream of the APOL2
gene (peak association at rs4479522, Pirend=3.23x10°, OR=1.34, 95% Cl 1.18 — 1.51). Analysis of rs5998322
adjusted for allele dosage at rs4479522 produced similar results to the unadjusted analysis (Pireng=8.47x107),

suggesting independence of the two associated 22q loci.

The GWAS of LAA detected two associated SNPs on chromosome 6p21.1 exceeding the pre-specified
threshold for genome-wide significance (a:5><10'8; see Figures 1-2). These variants, rs556621 (P;enq=3.92x10°
8 OR: Aallele=1.62, 95% Cl 1.36 — 1.93) and rs556512 (Pye,q=4.25%x10%, OR: A allele=1.62, 95% CI 1.36 — 1.93)
are in perfect linkage disequilibrium (LD) in HapMap Phase Il CEU data (r’=1, D’=1)(see Supplementary Table
5), with a minor (A) allele population frequency of 0.33. SNP rs556621 was directly genotyped in our sample
while rs556512 was imputed with excellent reliability (imputation r’=0.99). Very similar effect sizes for
rs556621 were estimated in logistic models further adjusted for the first ten ancestry principal components

and several correlated clinical risk factors (see Supplementary Table 6), indicating a lack of confounding by



population substructure or clinically-related heritable traits. Consistent, but attenuated association of the
6p21.1 variants was observed for the broad ischemic stroke phenotype, with peak association also detected
at rs556621 (P=5.6x10", OR: A allele=1.29, 95% CI 1.14 — 1.47)(see Table 2). Supplementary analyses of CE
and SVO revealed no association with rs556621 (P=0.73 and P=0.39, respectively). In addition to the 6p21.1
locus the LAA GWAS also detected clusters of suggestively associated SNPs (P<1x107°) at 14g32.33 and the
second 22q12.3 locus detected in the GWAS of ischemic stroke (see Supplementary Table 7, Supplementary

Figure 5).

In a subsequent LAA GWAS adjusted for rs556621 genotype, no SNP showed evidence of strong,
independent association with LAA (peak P=5.6x10" for rs11625862 at 14g32.33). Haplotype association tests
across the 6p21.1 region also failed to detect multi-marker haplotypes that were more strongly associated

with LAA than the two index SNPs (results not shown).

The addition of rs556621 genotypes to a risk-prediction model containing various clinical traits associated
with LAA occurrence produced a small, but significant increase in the area under the receiver-operator
characteristic curve (AAUC=0.01; P=1.2x10" [see Supplementary Table 8]), although this AAUC estimate
may be inflated by estimation in the discovery cohort. To further assess internal validity of the association at
rs556621, the sample was randomly partitioned into training and test groups containing 2/3 and 1/3 of LAA
cases and controls, respectively. Association with LAA was evaluated in the training set, with genotyped
SNPs reaching P<1x10™ (n=44) then assessed for association in the test set (remaining 1/3 of the sample).
The index 6p21.1 SNP (rs556621) reached P=5.69x107 in the training set and was the only SNP associated
with LAA in the independent test set after permutation-based adjustment for testing 44 non-independent

SNPs (family-wise adjusted P=6.74x107)(see Supplementary Table 9).

External validity of the observed association of rs556621 with LAA risk was assessed in a replication study
involving ten (10) independent population cohorts contributing 1,715 LAA cases (1,323 European and 392
US) and 52,695 controls (39,509 European and 13,186 US) of confirmed European ancestry. Details of the
individual cohorts are provided in the Supplementary Note and Supplementary Table 10. Association
analyses for the index 6p21.1 SNP (rs556621) were performed separately within each of the 10 cohorts, with
the results combined using fixed effects, inverse variance-weighted meta-analysis. Because association
evidence was assessed for a single SNP in the independent replication study, no multiple testing adjustment

was indicated and the result was compared with a pre-specified significance threshold of 0.05.

The replication study confirmed association of rs556621 with LAA (Pyrend=3.9x10™, OR: A allele=1.15, 95% Cl
1.06 — 1.24), with no evidence of between-study heterogeneity (P=0.50, I°=0.0%) (see Figure 3, Table 2 and

Supplementary Table 11). The estimated population attributable risk for rs556621 in the replication study



was ~5%. When the discovery and replication cohorts were combined, meta-analyses yielded Pyreng=4.7x10"
(OR=1.21,95% CI 1.13 — 1.30). However the heterogeneity statistic for the combined analysis was
moderately significant (P=0.02, ’=43.4%,), indicating some inflation of the effect size in the discovery cohort
(“Winner’s Curse’). For this reason, the estimated effect in the independent replication study is likely a better
estimate of the true population effect. Meta-analyses of rs556621 for overall ischemic stroke in the
replication study showed no evidence for association, despite a greater than 5-fold increase in case numbers
(9,552 cases, 52,695 controls: P,.,,=0.29, OR: A allele=1.02, 95% Cl 0.98 — 1.06)(see Supplementary Figure
6). These results support the existence of a common 6p21.1 risk variant of modest but genuine effect
specific to the LAA stroke subtype. Neither this SNP, nor SNPs in high LD with rs556621, have previously

been reported to be associated with coronary heart disease risk.

Genomically, the 6p21.1 SNPs are located in an intergenic region of moderate LD (see Supplementary Figure
7), ~200 kb upstream of the SUPT3H gene (forward strand) and ~180 kb upstream of CDC5L (reverse strand).
SNPs rs556621 and rs556512 both lie within a small length of genomic sequence containing BCL3 and Pbx3
transcription factor binding motifs and enriched for enhancer/promoter-associated marks of histone protein
modification. The associated SNPs or other, correlated variants may thus function in regulating gene
expression, via altered responsiveness of key transcription factor binding sites *°. A number of predicted
microRNAs (miRNAs) also lie in the vicinity of rs556621 (see Supplementary Table 12), suggesting that
variants in LD with rs556621 could also potentially regulate gene expression via regulatory miRNA sequence
alteration. Queries of four public eQTL databases (see Supplementary Note) did not identify rs556621, or
proxy SNPs in high LD with rs556621 as cis eQTL in the assayed tissue/cell types. Future, targeted
investigations in atherosclerotic neurovascular tissue may help to elucidate the mechanisms by which the

associated SNPs influence LAA risk.

Suggestive association with both ischemic stroke and LAA was also detected for variants in a chromosome
22q12.3 region containing the APOL1-APOL4 gene cluster. These primate-specific genes are implicated in

20,21

lipid metabolism and vascular biology “**, where their expression is strongly induced by pro-inflammatory

22-24

cytokines . APOL2-APOL4 are thought to encode intracellular proteins; APOL2, across which association

evidence was strongest, is almost exclusively expressed in the brain, with reduced expression in the heart .

This is one of the first reported GWAS for large artery atherosclerosis, a major subtype of ischemic stroke.
We have detailed the discovery and replication of chromosome 6p21.1 variants that associate with LAA risk
in European-ancestry individuals. We also report a locus within the APOL1-APOL4 gene cluster that is
suggestively associated with both LAA and broad ischemic stroke. The potential pathological function of

these variants, and their contribution to stroke risk in non-European populations, remains to be determined.
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Figure Legends

Figure 1 Genome-wide association results for a) ischemic stroke and b) LAA. The plots show —logyo-
transformed P-values for genotyped and imputed SNPs with respect to their physical position. The threshold
for genome-wide significant association (P=5x10") is shown as the upper dashed line.

Figure 2 Regional association results for the chromosome 6p21.1 locus showing genome-wide significant
association with LAA. The index, associated SNP is labelled (rs556621: P=3.9x10%).

Figure 3 Forest plot showing association of rs556621 with large artery atherosclerotic stroke (LAA) across the
ten replication cohorts. For each cohort, the square and horizontal line show the estimated odds ratio (OR)
and 95% confidence interval, respectively, representing the effect of each additional copy of the risk (A)
allele upon the odds of disease. The size of the square is inversely proportional to the standard error of the
estimated allelic effect. An inverse variance-weighted fixed effects meta-analysis was used to combine
association evidence across cohorts. There was no evidence of effect size heterogeneity across the ten
cohorts (P-value=0.5).



Table 1 Proportion of case-control phenotypic variation explained by genome-wide SNP data® for all ischemic stroke, large artery atherosclerosis, small
vessel occlusion and cardioembolism.

Phenotype cases” controls® o’y /d’, (s.e)* LRT'  P-value
Ischemic stroke 1079 1172 0.39 (0.15) 536.95 4.5x10"
Large artery atherosclerosis (LAA) 400 1172 0.66 (0.21) 613.73  5.6x10~
Small vessel occlusion (SVO) 288 1172 0.10 (0.24) 653.58  3.3x10"
Cardioembolism (CE) 226 1172 0.60(0.25)  808.62  2.6x10°

®Genetic relationships between individuals were estimated using 457,533 SNPs. ®Smaller sample sizes compared with the GWAS owe to additional QC
conducted prior to this analysis. “Estimated proportion (standard error) of variation in case-control status explained by all SNPs. °Likelihood ratio test
statistic corresponding with a test of the null hypothesis that ozg = 0. °P-values were calculated assuming that the LRT is distributed as a 50:50 mixture of a
point mass at zero and sz under the null hypothesis.

Table 2 Association of rs556621 with large artery atherosclerosis (LAA) and overall ischemic stroke in discovery, replication and combined cohorts

SNP [minor allele] Discovery Replication Combined discovery and replication
Chr®.: position® RAF®  Phenotype pe OR' Nea p OR Nea p OR Nea
genes’ (95% Cl) N (95% Cl) N, (95% Cl) N,
rs556621 [A] 0.30 LAAd 3.9x10° 1.62 421, 3.9x10™ 1.15 1,715, 4.7x10° 1.21 2,136,
6p21.1: 44,702,137 (1.36-1.93) 1,244 (1.06-1.24) 52,695 (1.13 - 1.30) 53,939
CDC5L, SUPT3H

Ischemic 5.6x10° 1.29 1,162, 0.29 1.02 9,552, 0.03 1.04 10,714,

stroke (1.14 - 1.47) 1,244 (0.98-1.06) 52,695 (1.00 - 1.08) 53,939

®Chromosome and NCBI Human Genome Build 36.3 coordinates. ®Genes located closest to the annotated SNP. “Risk allele frequency in controls. °LAA: large
artery atherosclerotic stroke. °P-value from 1 d.f. trend test. fodds ratio with 95% confidence interval for the effect of each additional copy of the minor
allele, assuming an additive log-odds model. 8Number of cases (N.,) and controls (Ng).



Methods

Study participants: the Australian Stroke Genetics Collaborative (ASGC) discovery sample

ASGC stroke cases comprised European-ancestry stroke patients admitted to four clinical centres across
Australia (The Neurosciences Department at Gosford Hospital, Gosford, New South Wales (NSW); the
Neurology Department at John Hunter Hospital, Newcastle, NSW; The Queen Elizabeth Hospital, Adelaide ;
and the Royal Perth Hospital, Perth) between 2003 and 2008. Stroke was defined by WHO criteria as a
sudden focal neurologic deficit of vascular origin, lasting more than 24 hours and confirmed by imaging such
as computerised tomography (CT) and/or magnetic resonance imaging (MRI) brain scan. Other investigative
tests such as electrocardiogram, carotid doppler and trans-oesophageal echocardiogram were conducted to
define ischemic stroke mechanism as clinically appropriate. Cases were excluded from participation if aged
<18 years, diagnosed with haemorrhagic stroke or transient ischemic attack rather than ischemic stroke, or
were unable to undergo baseline brain imaging. Based on these criteria, a total of 1230 ischemic stroke cases
were included in the current study. Ischemic stroke subtypes were assigned using TOAST criteria, based on

clinical, imaging and risk factor data

ASGC controls were participants in the Hunter Community Study (HCS), a population-based cohort of
individuals aged 55-85 years, predominantly of European ancestry and residing in the Hunter Region, NSW,
Australia. Detailed recruitment methods for the HCS have been previously described *. Briefly, participants
were randomly selected from the NSW State electoral roll and contacted by mail between 2004 and 2007.
Consenting participants completed five detailed self-report questionnaires and attended the HCS data
collection centre, at which time a series of clinical measures were obtained. A total of 1280 HCS participants

were genotyped for the current study.

All study participants gave informed consent for participation in genetic studies. Approval for the individual

studies was obtained from relevant institutional ethics committees.

Study participants: Replication cohorts

Replication data were contributed by a total of eleven (11) cohorts involved in the Metastroke and
International Stroke Genetics Consortia (ISGC): the Atherosclerosis Risk in Communities Study (ARIC), the
Bio-Repository of DNA in Stroke (BRAINS), deCODE Genetics, the Baltimore Genetics of Early Onset Stroke
(GEOS) Study, the Heart and Vascular Health (HVH) Study, The Ischemic Stroke Genetics Study / Siblings With
Ischemic Stroke Study (ISGS/SWISS), The MGH Genes Affecting Stroke Risk and Outcome Study (MGH-
GASROS), the Milano stroke genetics study, the Rotterdam Study, the Wellcome Trust Case-Control



Consortium 2 — Munich (WTCCC2-Munich) and the Wellcome Trust Case-Control Consortium 2 — UK
(WTCCC2-UK). All replication cohorts defined ischemic stroke and the LAA, CE and SVO subtypes using
clinical criteria consistent with the ASGC discovery sample. Summary demographic data and clinical
phenotyping details for these individual cohorts are provided in the Supplementary Methods and

Supplementary Table 2.

Genomewide genotyping and quality control: ASGC Discovery sample

ASGC cases and controls were genotyped using the Illumina HumanHap610-Quad array. Quality control
excluded SNPs with genotype call rate <0.95, deviation from Hardy-Weinberg equilibrium (P<1x10®) or
minor allele frequency <0.01. At the sample level, quality control excluded individuals with: (i) genotype call
rate <95% (n=4); ii) genome-wide heterozygosity < 23.3% or > 27.2% (n=9); iii) inadequate clinical data or
inconsistent clinical and genotypic gender (n=45) and; iv) an inferred first- or second-degree relative in the
sample based on pair-wise allele sharing estimates (estimated genome proportion shared identical by
descent (IBD): pi-hat >0.1875 : n=37). Following these exclusions, Eigenstrat principal components analysis
(PCA) was performed, incorporating genotype data from Phase 3 HapMap populations (CEU, CHB, JPT, TSI,
YRI). In eigenvector plots, the majority of ASGC samples clustered closely with European (CEU and TSI)
reference populations. Eighteen samples (16 cases and 2 controls) showed prominent evidence of Asian
ancestry and were removed. Principal component and IBD analyses were performed using a pruned subset
of quasi-independent SNPs (~130,000 SNPs) to avoid confounding by linkage disequilibrium (LD). Following

quality control, 1162 cases and 1244 controls were available for association analyses at 551,514 SNPs.

Genotype imputation in the filtered sample was performed using MACH v1.0.16 *>*!, based on HapMap
Phase 2 (release #24) phased haplotypes for European-ancestry (CEU) samples. Subsequent quality control
excluded imputed SNPs with MAF <0.01 or ratio of observed dosage variance to expected binomial variance

of #<0.3.

Genotyping and quality control: Replication cohorts

Each replication cohort performed genome-wide genotyping, quality control and imputation as part of their
own primary study. The particular arrays and quality control filters used by the individual cohorts are
described in the Supplementary methods. Of the eleven cohorts, six had directly genotyped rs556621 and
five had imputed allelic dosages for this SNP. To ensure the accuracy of results, imputed data was only

included if the quality of imputation was high, defined as a ratio of observed to expected binomial dosage



variance (r?)>0.7. This resulted in the exclusion of one sample (HVH: r’=0.64). All other samples had r’>0.95

for rs556621.

Estimating the proportion of phenotypic variation attributable to genotyped SNPs

The proportion of case-control variation attributable to variation in genotyped SNPs was estimated in the

1826 \which uses genome-wide SNP data to estimate additive genetic

Discovery sample using GCTA software
relationships (correlations) between essentially unrelated individuals, using a linear mixed model (LMM) to
estimate the contribution of genotyped SNPs (and causal variants in LD with genotyped SNPs) to observed
variation in case-control status. Prior to analysis, additional QC of genotype data was performed to reduce
bias of variance estimates by the accrued effects of small genotyping errors *’. We excluded SNPs with
missingness >0.1% or Hardy-Weinberg P-value <1x10™ and individuals with >0.1% missing genotype data or
estimated relatedness >0.05 (approximately closer than second-cousins) *’. Following QC, genotypes at
457,533 SNPs were available for estimating genetic effects for 1079 ischemic stroke cases, 400 large artery
atherosclerosis cases, 288 small vessel occlusion cases and 226 cardioembolism cases. Each case group was
evaluated in a separate analysis using a common control sample of 1172 individuals; all fitted LMM models
were adjusted for age and sex. Genetic effects were first estimated in the ischemic stroke sample after
permuting (shuffling) case-control labels. The estimated proportion of phenotypic variation attributable to
genotyped SNPs in the permuted sample was 0.00, indicating an absence of bias due to genotyping or other
artifacts. Heritability estimates shown in Table 1 relate to the observed (binary) risk scale and case-control
proportions (see Table 1). We note that although these estimates do not represent heritability in the
conventional sense, the test statistics and their associated significance levels are invariant under adjustment

for ascertainment bias or liability scale %.

Genome-wide association analyses in the Australian Discovery cohort

Genome-wide association analyses were performed using one-degree of freedom trend tests assuming an
additive effect of allele dosage. Parameters were estimated using logistic regression models adjusted for age
and sex. Analyses were not adjusted for principal components of population ancestry, as observed genomic
inflation factors in unadjusted models (A=1.031, A;000=1.026 for ischemic stroke, A=1.007, A1p00=1.011 for
LAA) indicated an absence of bias due to population stratification. Meta-analysis genomic control inflation
factors (A) were calculated as previously described, as were standardised values for a sample of 1000 cases
and 1000 controls (Asg00) 2. Secondary analyses of peak regions were adjusted for ancestry principal

components and clinical traits including hypertension, hypercholesterolemia, diabetes mellitus, atrial



fibrillation, myocardial infarction and smoking status to investigate potential confounders of the observed
genetic associations. Association tests were performed using maximum likelihood estimated dosages for
imputed SNPs and observed integer dosages for genotyped SNPs. Logistic models were fitted using
mach2dat software, which calculates significance levels for estimated parameters using a likelihood-ratio

30,31

test . The two secondary logistic analyses conditioned on rs4479522 and rs556621 genotypes were

adjusted for age, sex and integer-valued dosage of the test allele at conditioned SNPs.

Pairwise linkage disequilibrium between SNPs was assessed and visualised using Haploview software *
based on European (CEU) HapMap Phase 2 data. Haplotype analyses of the 6p21.1 region used genotyped
data and maximum likelihood genotypes for SNPs imputed with high reliability (*>0.7). Sliding-window
haplotypes incorporating from 2 to 6 adjacent SNPs were estimated and assessed for association with LAA
case-control status using Unphased software **. Regional association plots were constructed using

LocusZoom software **.

Meta-analysis of rs556621 in replication cohorts

For rs556621, each replication sample performed logistic regression using a one-degree of freedom trend
test relating the presence of stroke (LAA or overall ischemic stroke) to allelic dosage, assuming an additive
effect of the test allele. The test allele, estimated beta coefficient, standard error and effective sample size
were provided for the combined replication analysis. Fixed effects, inverse variance-weighted meta-analyses
of the ten replication cohorts providing high quality data for rs556621 (see above) was performed using
METAL software. Between-study heterogeneity was investigated using Cochran’s Q statistic with its
associated P-value and the I metric, representing the percentage of between-study heterogeneity exceeding
the value expected by chance. Population attributable risk (PAR%) was estimated for rs556621 using the
formula:

100 x p(OR — 1)

of —__ P MTT T
PARY = o T T

where OR is the odds ratio estimated using independent replication data and p represents the prevalence of

risk alleles in controls *°.
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Supplementary Table 1. Clinical and demographic characteristics of study populations in the ASGC discovery cohort.

Large artery atherosclerosis
(LAA) cases (n=421)

Ischemic stroke
cases (n=1162)

2

Characteristic Controls (n=1244) P-value’  P-value

Gender (% male) 50.2 59.2 68.7 <0.0001 <0.0001
Age (years) 66.3+7.5 72.9+13.2 73.2+12.3 <0.0001  <0.0001
Age at stroke onset NA 71.0+13.1 70.2+12.1 — —
Stroke subtypes: frequency (%)
Large artery atherosclerosis (LAA) NA 421 (36.2) 421 (100) - -
Cardioembolic (CE) NA 240 (20.7) — — —
Small vessel disease (SVD) NA 310(26.7) — - -
Other/undetermined NA 191 (16.4) — — —
Cardiovascular risk factors: frequency (%)°
Hypertension 593 (48.3) 732 (64) 239 (56.8) <0.0001  <0.0001
Hypercholesterolaemia 513 (41.2) 435 (42.5) 161 (40.3) 0.36 0.12
Diabetes mellitus 126 (10.5) 249 (21.8) 85 (20.2) <0.0001  <0.0001
Atrial fibrillation 108 (9.1) 207 (21.5) 28 (8.6) <0.0001 0.08
Myocardial infarction 94 (7.9) 99 (12.9) 29 (13.9) 0.0003 0.005
Current smoker 80 (6.7) 207 (18.5) 77 (18.5) <0.0001 <0.0001

ISignificance of the difference between ischemic cases and controls for the characteristic’s mean (age) or proportion (all other variables). Significance was

assessed using t-tests and chi-square tests respectively. *Significance of differences between LAA cases and controls. *Percentages may differ from

estimates based on given sample sizes due to missing clinical data.



Supplementary Table 2. Details for all SNPs associated with Ischemic Stroke in the ASGC discovery cohort at P<1x10~.

Chr? SNP Position® Tested Allele  Freq® OR (95% CI)* P-value® Quality®
1 rs1887808 63,387,549 G 0.445 1.34(1.18-1.53) 4.62E-06 0.9023
1 rs10489319 173,587,369 T 0.916 1.77 (1.37 - 2.28) 8.46E-06 0.9188
1 rs2236886 173,588,259 C 0.916 1.76 (1.37 - 2.27) 8.29E-06 0.9407
1 rs16848329 173,605,712 A 0.906 1.68(1.34-2.12) 7.85E-06 0.9764
1 rs16848353 173,608,171 G 0.905 1.67 (1.33 - 2.10) 8.01E-06 —

1 rs12730963 173,609,108 T 0.906 1.67 (1.33 - 2.10) 8.15E-06 0.994
2 rs12467921 9,561,139 A 0.376 1.32(1.16 - 1.49) 9.12E-06 0.9981
2 rs2276338 9,563,240 C 0.376 1.32(1.17 - 1.49) 8.66E-06 —

2 rs7580419 9,563,839 C 0.376 1.32(1.17-1.49) 8.93E-06 0.9984
2 rs10211522 9,565,666 C 0.376 1.32(1.16 - 1.49) 9.25E-06 0.9976
2 rs17590793 9,565,825 G 0.376 1.32(1.16 - 1.49) 9.65E-06 0.9975
6 rs1845031 50,430,903 T 0.073 1.81(1.41-2.31) 1.52E-06 0.7757
8 rs2975509 116,915,038 C 0.947 3.19 (1.89-5.37) 5.78E-06 0.3455
10 rs11199512 122,471,078 T 0.056 2.10(1.53-2.88) 2.67E-06 0.6073
11 rs1498334 80,359,839 A 0.385 1.32(1.17-1.49) 9.45E-06 —

15 rs3826046 71,437,877 A 0.091 1.57 (1.29 - 1.90) 5.26E-06 —

18 rs11660660 10,646,460 T 0.006 5.84(2.55-13.38) 6.65E-06 0.6912
21 rs7277309 18,601,831 G 0.957 3.17 (1.90-5.29) 4.85E-06 0.4627
22 rs1467388 30,937,057 A 0.929 1.82(1.40 - 2.38) 6.87E-06 —

22 rs5998319 30,949,091 T 0.926 1.91 (1.46 - 2.50) 1.69E-06 0.9532
22 rs5998320 30,949,215 T 0.926 1.92 (1.46 - 2.51) 1.50E-06 0.9524
22 rs5998322 30,955,210 C 0.925 1.97 (1.51-2.57) 3.91E-07 0.9807
22 rs5998331 30,964,877 G 0.919 1.91(1.47 - 2.46) 4.55E-07 0.962
22 rs9610448 34,938,151 G 0.385 1.32(1.17 - 1.49) 5.27E-06 —

22 rs4820222 34,939,685 T 0.383 1.32(1.17 - 1.50) 4.66E-06 —

22 rs8140086 34,940,332 G 0.381 1.33(1.18 - 1.50) 4.17E-06 0.9863
22 rs8140384 34,940,517 T 0.380 1.33(1.18 - 1.50) 3.94E-06 0.9818
22 rs4479522 34,942,912 G 0.379 1.34(1.18 - 1.51) 3.23E-06 0.9673




®Chromosome and NCBI Human Genome Build 36.3 coordinates. bFrequency of tested allele in controls. “Odds ratio with 95% confidence interval for effect
of the tested allele, assuming an additive log-odds model. °P-value from 1 d.f. trend test. °Ratio of the observed dosage variance to the expected binomial
variance for imputed SNPs. Values range from 0-1, with larger values indicating better imputation accuracy. Missing values reflect directly genotyped SNPs.



Supplementary Table 3. Details for all chromosome 6p21.1 SNPs associated with LAA in the ASGC discovery cohort at P<1x10™.

SNP Position® Minor Allele Freq” OR (95% CI)° P-value® Quality® LD with index’
rs4714797 44,681,432 G 0.3677  1.46(1.23-1.73) 9.89E-06 0.99 0.81
rs4711790 44,681,800 T 0.3461  1.54(1.30-1.84) 7.10E-07 0.97 0.85
rs13202385 44,682,592 A 0.3675  1.46(1.23-1.73) 9.49E-06 0.99 0.82
rs9395035 44,684,643 G 0.3671  1.46(1.23-1.73) 8.86E-06 1.00 0.82
rs12526438 44,685,300 A 0.3669  1.46(1.24-1.73) 8.53E-06 — 0.82
rs9381341 44,686,052 G 0.385 1.48 (1.24 - 1.76) 8.63E-06 0.93 0.82
rs4714801 44,692,365 G 0.3181  1.61(1.35-1.92) 7.64E-08 — 0.92
rs900403 44,699,828 A 0.4297  1.51(1.27-1.80) 3.19E-06 0.92 0.63
rs9472313 44,700,684 A 0.3248  1.62(1.36-1.93) 5.43E-08 0.98 0.96
rs556621 44,702,137 T 0.3269  1.62(1.36-1.93) 3.92E-08 — 1
rs556512 44,702,170 A 0.3261  1.62(1.36-1.93) 4.25E-08 0.99 1
rs658726 44,703,120 G 0.3328  1.49(1.25-1.77) 8.12E-06 0.97 0.75
rs504615 44,703,190 G 0.3054  1.58(1.32-1.89) 4.58E-07 0.97 0.89
rs1767788 44,703,371 C 0.3046  1.58(1.32-1.88) 5.42E-07 0.97 0.89
rs646977 44,703,421 C 0.2114  1.65(1.32-2.05) 9.12E-06 0.78 0.55
rs497177 44,704,031 T 0.2828  1.63(1.35-1.96) 2.57E-07 0.94 0.81
rs632728 44,704,319 T 0.3011  1.55(1.30- 1.86) 1.15E-06 0.98 0.88
rs1680900 44,704,332 A 0.3002  1.55(1.30-1.85) 1.41E-06 0.98 0.89

®Chromosome and NCBI Human Genome Build 36.3 coordinates. "Minor allele frequency in controls. ‘Odds ratio with 95% confidence interval for minor
allele effect, assuming an additive log-odds model. “P-value from 1 d.f. trend test. °Ratio of the observed dosage variance to the expected binomial variance
for imputed SNPs. Values range from 0-1, with larger values indicating better imputation accuracy. Missing values reflect directly genotyped SNPs. fPairwise
linkage disequilibrium between the listed SNP and the most associated 6p21.1 SNP (rs556621; P=3.8 x 10®). Values are squared correlation coefficients (r’)
calculated using HapMap CEU Phase Il data.



Supplementary Table 4. Results of logistic regression models for the effect of rs556621 on LAA risk
adjusted for additional covariates.

Covariates® cases” controls® OR (95% Cl)* P-value®
Age, sex 421 1244 1.62 (1.36-1.93) 3.92E-08
Age, sex, PC1, PC2° 421 1244 1.62 (1.36 - 1.93) 5.96E-08
Age, sex, hypertension 421 1227 1.61(1.35-1.91) 7.87E-08
Age, sex, hypercholesterolaemia 400 1244 1.61(1.34-1.92) 1.79E-07
Age, sex, diabetes mellitus 421 1198 1.58 (1.33-1.89) 2.22E-07
Age, sex, current smoker 417 1199 1.52(1.27-1.82) 4.23E-06
Age, sex, atrial fibrillation 325 1184 1.52 (1.26—-1.84) 1.56E-05
Age, sex, myocardial infarction 208 1184 1.61 (1.29 - 2.00) 2.04E-05

®Covariates included in each logistic model estimating the effect of genotypes at rs556621 (1 degree of
freedom trend test) upon LAA risk. Clinical covariates are defined in the Online methods. "Number of cases
and controls used for parameter estimation. “Estimated odds ratio and 95% confidence interval for the risk
conferred by each additional copy of the A allele. °P-value for the likelihood ratio test (LRT) of the null
hypothesis that OR=1. °PC1 and PC2 are the first two eigenvectors calculated in ancestry principal
component analyses (PCA; see online methods).

Supplementary Table 5. Results of ROC curve predictive models incorporating clinical risk factors and

rs556621 genotype.
Hypothesis Model Covariates® Auc* AAUC® RS P-value®
Ho? Age, sex, htn", high—choli, DMWY, smoker® 0.76 (0.74-0.79)
H.C Age, sex, htn, high-chol, DM, smoker, rs556621 0.77 (0.74 — 0.80) 0.01 19.17 1.2x10°

®LAA predictor variables included in the model used to fit receiver-operator characteristic (ROC) curves.
°®Null model containing only clinical predictor variables. “Alternative model containing clinical predictor
variables plus rs556621 genotypes. “Area under the ROC curve for the null and alternative models.
®Increase in AUC resulting from the addition of rs556621 genotypes. ‘Likelihood ratio statistic for the
improvement in model fit, calculated as -2x(log likelihood(Ho) — log likelihood(H,)). 8P-value associated with
the LRS and AAUC. "Hypertension. 'Hypercholesterolaemia. ‘Diabetes mellitus. “Current smoker.



Supplementary Table 6. Association results for genotyped SNPs in random training and test sub-sets of the ASGC sample.

Training set (282 LAA Cases, 798 Controls)®

Test set (139 LAA Cases, 393 Controls)®

Chr° SNP BP® Al Freq* OR (95% Cl) P-value Freq* OR (95% Cl)° P-value' EmpPI® EmpP2"
2 rs17025300 101125782 G 0.13  1.75(1.33-2.30) 5.44E-05 0.17 1.02(0.68-1.52) 0.91 0.91 1
3 rs17043997 5981004 G 001  4.30(2.10-8.78) 6.16E-05 0.02 0.60(0.15-2.42) 0.48 0.37 1
3 rs9860560 7723736 C 041  1.54(1.25-1.91) 5.51E-05 0.40 1.18(0.86-1.63) 0.29 0.30 1
3 rs1504047 7723843 C 041  1.54(1.25-1.91) 5.51E-05 0.40 1.23(0.89-1.69) 0.20 0.20 1
3 rs1354407 7733042 G 042  1.54(1.25-1.91) 5.55E-05 0.41 1.18(0.86-1.61) 0.30 0.29 1
3 rs1471377 64228008 A 0.27 1.57(1.25-1.97) 7.92E-05 0.30 1.30(0.95-1.77) 0.10 0.10 0.96
3 rs4679898 152858265 A 0.47  1.53(1.24-1.89) 5.98E-05 0.44 1.32(0.97-1.81) 0.08 0.08 0.92
4 157683724 5210555 A 0.34  1.54(1.25-1.91) 6.06E-05 0.39 1.11(0.81-1.51) 0.50 0.50 1
4  rs7699404 86939862 A 0.50  0.65(0.52-0.80) 9.58E-05 0.46 1.14(0.84 - 1.55) 0.39 0.40 1
5 rs7717290 86329552 A 0.13  1.76(1.32-2.35) 9.96E-05 0.13 0.92(0.56 - 1.49) 0.75 0.75 1
5 rs10942487 86354951 A 0.23  1.69(1.33-2.14) 1.30E-05 0.22  1.00(0.69 - 1.46) 0.97 0.96 1
5 rs4283829 86367504 G 0.23  1.74(1.37-2.20) 3.74E-06 0.22 1.00(0.69 - 1.46) 0.97 0.96 1
5 rs7715840 86386634 A 022  1.75(1.38-2.21) 3.61E-06 0.22 1.00(0.68 - 1.46) 0.99 0.99 1
5  rs2544688 86414092 A 0.15  1.88(1.44-2.46) 3.57E-06 0.14 0.99(0.63 - 1.55) 0.98 0.99 1
5 rs2624189 86422321 G 0.23  1.68(1.33-2.12) 9.38E-06 0.23  0.96(0.66 - 1.41) 0.86 0.86 1
5 rs2112166 86445192 A 024  1.68(1.34-2.11) 7.71E-06 0.23  0.97 (0.66 - 1.40) 0.87 0.87 1
5 rs1004988 86446754 A 0.14  1.75(1.33-2.30) 5.95E-05 0.13 0.94(0.58 - 1.50) 0.80 0.80 1
6 rs9296440 44580832 G 0.29  1.58(1.26-1.97) 4.89E-05 0.32 1.11(0.79-1.56) 0.53 0.53 1
6  rs556621 44702137 A 031 1.55(1.25-1.92) 5.69E-05 0.28 1.79(1.31-2.45) 2.58E-04 1.81E-04 6.74E-03
6 rs7452888 169438189 G 0.53  0.64(0.51-0.79) 4.17E-05 0.51 1.10(0.66-1.23) 0.53 0.53 1
6 rs9505900 169448612 A 0.52  0.63(0.51-0.78) 2.36E-05 0.51 1.07(0.68-1.27) 0.66 0.65 1
8  rs10087900 144374793 A 0.48  0.63(0.51-0.79) 5.36E-05 0.44 0.93(0.68-1.28) 0.70 0.70 1
9 rs1325149 12560945 C 0.17  0.47(0.33-0.66) 2.09E-05 0.15 1.15(0.75-1.75) 0.50 0.50 1
9 rs10738284 12563829 G 0.17  0.46(0.33-0.66) 1.65E-05 0.14 1.15(0.76 - 1.76) 0.50 0.50 1
9 rs10124604 12575186 A 0.19  0.51(0.37-0.71) 4.98E-05 0.16 1.13(0.75-1.71) 0.54 0.54 1
10  rs2490689 7009822 G 043  1.58(1.28-1.95) 1.52E-05 0.48 0.91(0.67-1.24) 0.58 0.58 1
10 rs8190645 26560493 A 0.06  2.19(1.52-3.16) 2.41E-05 0.07 0.75(0.40 - 1.43) 0.39 0.39 1
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®Each case or control in the training set was randomly selected from the entire LAA case or control sample respectively, with probability 2/3. *The test
sample comprised cases and controls not selected for inclusion in the training set. Genotyped SNPs associated with LAA with P<1x10™ in the training set
were tested for association with LAA in the test set (n=44). ‘Chromosome and NCBI Human Genome Build 36.3 coordinates. “Minor allele frequency in

controls. ®Odds ratio with 95% confidence interval for minor allele effect, assuming an additive log-odds model. fp-value from 1 d.f. trend test. .Empirical

point-wise P-value calculated from 1,000,000 permutation tests. hEmpirical family-wise P-value from permutation tests, adjusted for testing the 44 non-

independent SNPs.



Supplementary Table 7. Details for additional SNPs associated with LAA in the ASGC sample at P<1x10”, excluding the 6p21.1 SNPs shown in

Supplementary Table 3.

Chr® SNP Position® Tested Allele  Freq® OR (95% CI)* P-value® Quality®
2 rs1897119 221,916,695 C 0.549 1.58(1.29-1.93) 5.05E-06 0.753
3 rs4679898 152,858,265 T 0.455 1.46(1.23-1.73) 9.18E-06 —

6 rs9457403 158,900,339 G 0.336 1.52(1.27-1.83) 4.76E-06 0.8826
8 rs1390939 20,084,992 T 0.424 1.47 (1.24 - 1.75) 8.22E-06 —
14 rs880616 104,713,183 T 0.589 1.49(1.25-1.77) 5.44E-06 0.9704
14 rs10139596 104,714,664 A 0.588 1.50(1.26 - 1.78) 3.78E-06 0.9726
14 rs1882848 104,715,196 C 0.588 1.51(1.26-1.79) 2.65E-06 0.976
14 rs10140111 104,715,327 G 0.587 1.52(1.27 - 1.81) 1.87E-06 0.9808
14 rs11625862 104,715,427 A 0.586 1.52(1.28 - 1.81) 1.33E-06 —
14 rs11625865 104,715,466 A 0.590 1.50(1.26 - 1.78) 2.50E-06 —
14 rs4983590 104,717,224 A 0.591 1.48 (1.25-1.76) 5.01E-06 —
14 rs11160839 104,720,008 A 0.579 1.48 (1.24-1.77) 7.41E-06 0.9456
22 rs4820222 34,939,685 T 0.383 1.46(1.23-1.73) 9.73E-06 —
22 rs8140086 34,940,332 G 0.381 1.47 (1.24 - 1.75) 7.01E-06 0.9863
22 rs8140384 34,940,517 T 0.380 1.48 (1.24 - 1.75) 6.25E-06 0.9818
22 rs4479522 34,942,912 G 0.379 1.49 (1.26 - 1.78) 3.75E-06 0.9673

®Chromosome and NCBI Human Genome Build 36.3 coordinates. *Frequency of the tested allele in controls. ‘Odds ratio with 95% confidence interval for
effect of the tested allele, assuming an additive log-odds model. °P-value from 1 d.f. trend test. *Ratio of the observed dosage variance to the expected
binomial variance for imputed SNPs. Values range from 0-1, with larger values indicating better imputation accuracy. Missing values reflect directly
genotyped SNPs.



Supplementary Table 8. Predicted microRNAs in the chromosome 6p21.1 region.

Position
Start End

Predicted miRNA Premature sequence Homolog miRNA

AAAUAGGGGCCAGGCACAGUGGCUCACACCUAUAAUCCCAGU
D1 ACUUUGGGAAGCUGAGGCAGGAGGAUCGCUUGAGACCGGGAGUCCAAG 44,726,966 | 44,727,055

CUGUCGCCCAGGCUGGAGUGCAGUGGCGGGAUCUCG
D2 GCUCACUGCAAGCUCCGCCUCCCGGGUUCACGCCAUUCUCCCGCCUCAGCCUCCCAAGUAGCUGGGACUACAGG 44,682,534 | 44,682,643

UAGAAAGUUUACCAAUCUCUUAGGUGUGGUGGUUUGAGCCUAUAGUCCCGUC
D3 UACCCAGGAGGCUGAGUGGGGAGGAUCAUUUGAGGCCGGGAGCCUGGGCAACAUA 44,711,805 | 44,711,911

GAAGCUGAGGCAGGAGGAUCGCUUGAGACCGGGAGUCCAAGGCUGUAGUGAGC .
D4 CAUGAUCACACCACUGCAUUCCAGCCUGGUCAACACAGUGAGACCCUGUCUC 44,727,015 | 44,727,113 | Hsa-mir-566

D5 UCAUCCCAUCUACUUGGAGGCUGAGGCGGAUGGAUUGCUUGAGCCCAAGAGCUCGAGACUGCAGUGA 44712110 | 44712 216
ACUAUGAUCAUGCCACUGCACUUCAGAUUAGGUGACAGUG T T

AGGAGGAUCGCUUGAGACCGGGAGUCCAAGGCUGUAGUGAGC
D6 CAUGAUCACACCACUGCAUUCCAGCCUGGUCAACACAGUGAGACCCUGUCUCA 44,727,026 | 44,727,120

UCGAGAGGCUGAGGUAGGAGAAUGGUGCGACCUGGGAGGCGGAGGUUGCAGUGAGC
D7 CAAGAUCGCACCAUUGCACCCCAGCCUGGGCA 44,684,384 | 44,684,471

CAGGCUGGGCGCGGUGGCUCACCCCUGUAAUCCCAGCACUUUGGGAGACCAAGGUGGGUGAAUCACU
ID8 UGAGGUUCAGA 44,688,550 | 44,688,627

AGGCCAGGUAGGCCAGGAGCAGUGGCUCAUGCCCAUAAUCCCAGCACUUUGGGAGGCUGAGGCGGGCGGAUAGCUUAA
DS GCCCGGGAGUUUGAGCCUGGGCAACAUGGUGA 44,681,294 | 44,681,403

D10 CAGAGGCAGAAGGCUGGGCACAGUGGCUCACGCCUGUAUCCCAGCACUUUGGGAGGCUGAGGCAGGAGGGUCAC 14735262 | 44735 358 Hsa-mir-619
UUGAGGCCAGGAGUUUGAGACCA 1132, 1132,

CCUGUCCGCCUCGGCCUCUGAAAGUGCUAGGAUUAUAGGUGUGAGCCACCGCACCUGGCCAG
D11 AGUGAUACCAAUUUUCUUCGUGUGUGCAGUGACAGGCAGAGCAGCG 44,673,804 | 44,673,911

AAAUAUUACGUUGGUGCAAAAGUAAUUGCUGUUUUUGC .
ID12 CAUUAAAAGUAAUGGCCACCCACGUCCUAAUGUAGGCCAUGCUGCAAUUACUUUCGCACCAACGUAAUAACA 44,726,750 | 44,726,859 | Hsa-mir-348-3

UACGUUGGUGCAAAAGUAAUUGCUGUUUUUGCCAUUAAAAGUAAUGG .
ID13 CCACCCACGUCCUAAUGUAGGCCAUGCUGCAAUUACUUUCGCACC 44,726,756 | 44,726,847 | Hsa-mir-548d-2

Notes: The human genomic sequence 50 kb upstream and downstream of rs556621 was assessed using the microRNA prediction tool, miRNAFinder. Red
highlighted regions in pre-miRNAs are predicted mature miRNAs.
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Supplementary Figure 1. Quantile-quantile plot comparing observed and expected —log;,-
transformed P-values for GWAS of A. Ischemic stroke (IS) and B. Large artery atherosclerosis (LAA).
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Supplementary Figure 2. Regional association plots for the A. chromosome 14g32.33 and B.
chromosome 22q12.3 loci associated with LAA in the ASGC dataset at P<1x10~.
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Supplementary Figure 3. Linkage disequilibrium (LD) pattern in the 6p21.1 region containing the
LAA-associated SNPs. LD was visualised using Haploview software
(http://www.broadinstitute.org/scientificccommunity/science/programs/medical-and-population-
genetics/haploview/downloads) and European (CEU) HapMap Phase 2 data spanning a 150kb
genomic region on chromosome 6 (44.627 Mb — 44.777 Mb). LD is shown as pairwise r* values;
values range from 0 (white pixel) to 1 (black pixel) with darker values indicating stronger LD.



