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Genetic risk variants in African Americans
with multiple sclerosis

ABSTRACT

Objectives: To assess the association of established multiple sclerosis (MS) risk variants in 3,254
African Americans (1,162 cases and 2,092 controls).

Methods: Human leukocyte antigen (HLA)-DRB1, HLA-DQB1, and HLA-A alleles were typed by
molecular techniques. Single nucleotide polymorphism (SNP) genotyping was conducted for 76
MS-associated SNPs and 52 ancestry informative marker SNPs selected throughout the genome.
Self-declared ancestry was refined by principal component analysis of the ancestry informative
marker SNPs. An ancestry-adjusted multivariate model was applied to assess genetic associations.

Results: The following major histocompatibility complex risk alleles were replicated: HLA-
DRB1*15:01 (odds ratio [OR] 5 2.02 [95% confidence interval: 1.54–2.63], p 5 2.50e-07),
HLA-DRB1*03:01 (OR 5 1.58 [1.29–1.94], p 5 1.11e-05), as well as HLA-DRB1*04:05 (OR 5

2.35 [1.26–4.37], p 5 0.007) and the African-specific risk allele of HLA-DRB1*15:03 (OR 5 1.26
[1.05–1.51], p 5 0.012). The protective association of HLA-A*02:01 was confirmed (OR 5 0.72
[0.55–0.93], p 5 0.013). None of the HLA-DQB1 alleles were associated with MS. Using
a significance threshold of p, 0.01, outside the major histocompatibility complex region, 8MSSNPs
were also found to be associated with MS in African Americans.

Conclusion: MS genetic risk in African Americans only partially overlaps with that of Euro-
peans and could explain the difference of MS prevalence between populations. Neurology�

2013;81:219–227

GLOSSARY
AIM 5 ancestry informative marker; CI 5 confidence interval; GWAS 5 genome-wide association studies; HLA 5 human
leukocyte antigen; LD 5 linkage disequilibrium; MAF 5 minor allele frequencies; MHC 5 major histocompatibility complex;
MS 5 multiple sclerosis; OR 5 odds ratio; PC 5 principal component; SNP 5 single nucleotide polymorphism.

Genome-wide association studies (GWAS) have contributed considerably to the understanding
of multiple sclerosis (MS) susceptibility through the identification of genetic variants influenc-
ing risk and quantitation of their effects. To date, the results of 9 GWAS1–9 and 2 meta-
analyses10,11 have been reported, generating a roster of nearly 60 candidate genes in support
of a polygenic model of pathogenesis12,13 driven primarily by relatively common alleles. Most
noteworthy is a recent multicenter GWAS8 that replicated nearly all of the previously GWAS-
suggested associations together with the identification of 29 novel susceptibility loci. Immuno-
logically relevant genes, including epistatic signals across the major histocompatibility complex
(MHC) region, dominate the genomic signature of this disease. Invariably, all reported MS
GWAS focused on high-prevalence datasets of European descent.14 The transferability of these
results to other ancestral groups remains to be addressed.
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African Americans have a lower disease risk
compared with Europeans and white Ameri-
cans, but appear to carry a greater risk of ambu-
latory disability.15,16 The differences in genome
linkage disequilibrium (LD) patterns and clini-
cal phenotype between African Americans and
white Americans were successfully leveraged to
probe and refine the genetics of MS using con-
ventional association, admixture, and genotype-
phenotype studies.15–21 Here, we extend these
studies and test the updated MS genetic map in
a well-characterized African American MS data-
set. After controlling for admixture, we confirm
the multiallelic human leukocyte antigen
(HLA)-DRB1 association, but only 8 of
63 tested non-MHC MS loci replicated in this
dataset.

METHODS Subjects. DNA samples from 1,162 African

American patients with MS and 2,092 controls, and 577 white

American cases and 461 controls were obtained through a recruit-

ment effort initiated in 2000 using stringent inclusion and exclu-

sion criteria as previously described.21 The African American

control dataset included 1,178 de-identified samples from the

National Marrow Donor Program. The African American dataset

overlaps approximately 48% with our previous report.21

Standard protocol approvals, registrations, and patient
consents. The University of California at San Francisco Institu-

tional Review Board and the National Marrow Donor Program

Institutional Review Board approved this study. For all non-

de-identified individuals participating in this study, written

informed consent was obtained.

Single nucleotide polymorphism genotyping. Fifty-two

ancestry informative marker (AIM) single nucleotide polymor-

phisms (SNPs) and 76 MS SNPs were genotyped using the Taq-

Man OpenArray genotyping technology (Life Technologies,

Carlsbad, CA). AIM SNPs were selected from previously pub-

lished studies22–27 to cover all chromosomes. MS SNPs were

selected from the latest GWAS8 and meta-analysis.11 Samples

were loaded into customized TaqMan OpenArray genotyping

plates with the OpenArray Autoloader and amplified in a Dual

Flat Block GeneAmp PCR System 9700, as recommended by the

manufacturer. The OpenArray Genotyping Analysis Software

was used for assigning genotypes.

Quality control. SNPs had to meet several criteria to be included

in the analysis: less than 10% missing genotypes, Hardy-Weinberg

proportion test p . 0.001 in controls, and no significant SNP call

rate differences between patients and controls in each population

(p . 0.001), whereas samples needed to have missing genotype

calls of less than 10%. This standard quality control removed

10 SNPs in total (7.8%): 2 AIM SNPs because of low SNP call

rates, 7 AIM SNPs because of violation of Hardy-Weinberg pro-

portion, and one MS SNP, rs2150702, located in MLANA,
because of a significant difference in call rates between cases and

controls in African Americans. The average sample call rate for 75

MS SNPs was 99.3%6 1.4% in African Americans and 99.4%6

1.2% in white Americans, whereas the call rate for 43 AIM SNPs

was 99.0% 6 2.4% in both populations. Altogether, 118 SNPs,

1,144 African American MS cases, 1,986 African American con-

trols, 569 white American MS cases, and 460 white American

controls were included in the association analysis.

HLA allele typing. Four-digit HLA-DRB1 allele data were

available for 454 African American patients with MS and 1,124

controls. For an additional 487 patients and 470 controls, only

HLA-DRB1*15:01, *15:03, *03:01, and *03:02 genotypes were

available. Four-digit HLA-DQB1 allele data were available for

455 patients and 520 controls. Additionally, to explore the asso-

ciation of putative protective allele HLA-A*02:01,8,28 we gener-

ated HLA-A genotypes for 456 patients and 1,199 controls. In

this dataset, 70.0% of HLA-DRB1 typing, 91.1% of HLA-

DQB1 typing, and 95.3% of HLA-A*02:01 typing were

obtained by the sequence-based typing technique, and the re-

maining data were typed by sequence-specific oligonucleotide

hybridization or sequence-specific priming.

Molecular assessment of genetic ancestry. The 43 AIM

SNPs (including 5 in the extended MHC region) exceeding estab-

lished quality-control thresholds were set in a principal component

(PC) analysis to identify the degree of European ancestry admixture

in each individual. Estimates were checked against our previously

reported percentages of European ancestry19,20,29 using Pearson cor-

relation test. To assess population stratification, the values of the

major PCs between cases and controls in both of the populations

were compared using Wilcoxon rank sum test.

Genetic association analysis. An additive model of multivari-

ate logistic regression was applied to assess the association of the

genetic variants with MS. As covariates, the ancestral PC values

and HLA class II alleles were used when relevant. For each MS

variant, the Cochrane Heterogeneity Q Test was performed to test

effect size differences between African Americans and Europeans.

Finally, to evaluate the statistical power embedded in the African

American dataset, 1,000 bootstrap simulations were performed in

the white reference dataset. For each simulation, the number of

MS SNPs validated by association analysis was returned and dis-

tribution of the numbers from those simulations was compared

with the actual number of validated MS SNPs in the African

American dataset. All of the analyses were conducted using R soft-

ware (version 2.13.0; R Foundation for Statistical Computing,

Vienna, Austria). Odds ratios (ORs) were used to reflect effect

sizes of MS risk. Confidence intervals (CIs) are given at 95%,

and all of the p values are provided uncorrected.

RESULTS Clinical and demographic features of the

enrolled participants. In this study, African American
patients with MS had a higher female to male
ratio and younger age at onset compared with white
Americans (table 1). The proportion of primary pro-
gressive or progressive relapsing MS was larger and
the MS severity score was significantly higher in
African American patients than in those of European
origin, which can be partially explained by the lower
proportion of progressive MS in this white American
group compared with that of white Americans in
the literature.8 Interestingly, family history of MS as
reported by the proband was 17.3%, which is within
the range of that reported for European datasets.30

PC analysis was used to assess ancestry and admix-
ture, and to control for the pervasive effects of
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population stratification in follow-up analyses. The
first component of the PC analysis explained
50.77% of the interindividual European ancestry var-
iance as informed by the 43 AIM SNPs (figure e-1A
on the Neurology® Web site at www.neurology.org).
PC2 explained 2.30% of the variances, and the biplot
showed that the main contributors for PC2 were
SNPs located in the extended MHC region (figure
e-1B). PC1 was correlated with the previously
reported percentage of European ancestry in African
Americans with MS18 (R 5 0.84, p , 2.2e-16), and
the mean percentage of European ancestry in African
Americans was 20.4%. From the scree plot and
biplot, both PC1 and PC2 were used to account
for population stratification in the association
analysis: PC1 as signals of genome-wide and PC2
as major MHC signals for ancestry. The values
of PC1 differentiated the African American and
white American groups (p , 2.2e-16), but were
not different according to the affectation status in
either population (figure e-1C). The variance of
PC1 was smaller in cases than in controls within
African Americans (p 5 7.22e-06), suggesting
higher heterogeneity in the African American
control dataset. PC2 values were not statistically
different based on the affectation status in African
Americans, but a trend was observed in white
Americans (p 5 0.039) (figure e-1D).

Association analysis for HLA alleles.HLA-DRB1*15:01
and HLA-DRB1*03:01 were significantly associated,
as expected, with disease risk in African Americans
(table 2). Adjustment of the association by the PC1
and (MHC-driven) PC2 retained the statistical signif-
icance. When fitting these 2 alleles in the multivariate

model, HLA-DRB1*15:03 frequencies were elevated
in African Americans with MS, as previously shown.31

HLA-DRB1*04:05 was confirmed as a risk allele,
whereas 2 alleles, HLA-DRB1*11:01 and HLA-
DRB1*04:01, were found to be associated with
reduced MS risk. No association of HLA-DQB1
alleles was detected for African American MS (table 3).
Additionally, association analysis for HLA-A*02:01
showed a protective effect for carriers, independent
of the top 2 HLA-DRB1 risk alleles of HLA-
DRB1*15:01 and HLA-DRB1*03:01 (OR 5 0.72
[95% CI 0.55–0.93], p 5 0.013).

In the association analysis for SNPs in the MHC
region, rs3129889, tagging HLA-DRB1, was the most
significantly associated with MS in both African Amer-
icans and white Americans, but with a different effect
size between the 2 populations, i.e., a larger effect in
whites (Q test p5 3.91e-07). No association was found
in African Americans for the HLA-B SNP, rs2523393,
tagging HLA-B*44 in Europeans (table e-1).10

Replication study of the MS-associated SNPs in non-

MHC regions. Among the 73 MS SNPs in non-MHC
regions that passed quality control, 15 SNPs were rep-
licated in African Americans with p values ,0.05
(tables 4 and e-1). Using the p , 0.01 threshold, 8
MS-validated risk markers—rs7200786 (CLEC16A),
rs1335532 (CD58), rs13333054 (IRF8), rs180515
(RPS6KB1), rs4613763 (PTGER4), rs1800693
(TNFRSF1A), rs7238078 (MALT1), and rs669607
(no gene)—were replicated in the African American
dataset. Among those validated SNPs in non-MHC
regions, no significant differences were detected for
each effect size between African Americans and pop-
ulations from European descent as reported in the lit-
erature (Q test p . 0.1). However, even though
rs2300603 (BATF) was replicated (p 5 0.017), the
direction of the effect size was reversed in African
Americans (OR 5 0.81) compared with that reported
in Europeans (Q test p 5 0.002).

In the white American dataset, 4 non-MHC SNPs
were replicated with p values ,0.01. To investigate
the role of sample size in our analysis, bootstrapping
of the white American dataset was conducted up to
the sample size of the African Americans. The mean
number of the statistically associated non-MHC
SNPs in each simulation in white Americans was
higher (mean 23.8) than the number of the statisti-
cally associated SNPs in African Americans (n 5 8),
suggesting that the observed disparity in the number
of validated SNPs between African Americans and
white Americans is not entirely attributable to the size
of the datasets.

Application of the frequently associated SNPs to the 1000

Genomes Project population. To address the hypothesis
that the worldwide distribution of MS correlates with

Table 1 Clinical and demographic features of the enrolled participants

African Americans
(n 5 3,130)

White Americans
(n 5 1,029)

MS, n (M:F) 1,144 (1:3.7) 569 (1:2.2)

Controls, n (M:F) 1,986 (1:3.4) 460 (1:2.1)

Age at onset, y, mean 6 SD (n) 32.59 6 10.22 (1,060) 33.58 6 9.42 (557)

Disease course

CIS 1 RR/SP (%) 682/257 (91.0) 491/48 (96.6)

PP 1 PR (%) 93 (9.0) 19 (3.4)

MSSS, mean 6 SD (n) 5.90 6 2.39 (939) 4.27 6 2.06 (557)

% European ancestry,a mean 6 SD (n) 20.36 6 10.90 (2,355)b

Abbreviations: AIM5 ancestry informative marker; CIS5 clinically isolated syndrome; MS5

multiple sclerosis; MSSS 5 multiple sclerosis severity score; PC 5 principal component;
PP 5 primary progressive; PR 5 progressive relapsing; RR 5 relapsing-remitting; SNP 5

single nucleotide polymorphism; SP 5 secondary progressive.
a The% European ancestry was imputed using the previously reported values18–20,29 and the
values of the PC1 of the PC analysis with 43 AIM SNPs. In further analyses, we applied the
original values of PC1 and PC2.
b In African American controls, the mean value of % European ancestry was 20.33% 6

11.41%.
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the frequency of the risk variants in each ancestral
group, the cumulative genetic risk scores accounting
for the minimal set of the 8 non-MHC SNPs with
p values ,0.01 in African Americans were computed
for samples included in the 1000 Genomes Project
dataset.32 The scores were significantly different
according to the populations (figure 1). The African
group had the lowest genetic risk scores and there
was an increasing gradient from Africans to African
Americans, Asians, Hispanics, and Europeans. This
distribution mimics the worldwide disease prevalence.
Additionally, the genetic burden scores of our MS case-
control datasets fit within the observed ancestral gradi-
ent, and patients were more loaded than controls in
both African Americans and white Americans (p 5

4.11e-13 and p 5 0.031, respectively).

DISCUSSION This is the largest genetic study of an
MS dataset of non-European ancestry. After adjusting

for admixture, we replicated established HLA-DRB1
allelic associations as well as 8 of the 73 validated
non-MHC MS SNPs discovered in European popula-
tions. African American patients with MS carry the
2 most prominent susceptibility HLA-DRB1 alleles
found in Europeans, HLA-DRB1*15:01 and HLA-
DRB1*03:01, as well as the African allele HLA-
DRB1*15:03.8,20,31 The role of HLA-DRB1*04:05
observed in this study was also reported in other pop-
ulations, including Japanese and Sardinian.33,34 We
also confirmed the protective association of HLA-
A*02:01 in African Americans, independent of the
HLA-DRB1 risk alleles. Also consistent with previous
reports,35 a lower frequency for HLA-DRB1*11 was
observed. Although the protective association of
HLA-DRB1*09:01 lost statistical significance after
adjustment, the direction of the effect matched pre-
vious results in Asians.33,36 No association of HLA-
DQB1 alleles was detected for African American

Table 2 Association of HLA-DRB1 alleles for MS in African Americansa

Multivariate model

Monovariate model Ancestry-adjustedc Ancestry- and MHC signal–adjustedd

HLA-DRB1 MS,b n (%) Controls,b n (%) OR 95% CI p OR 95% CI p OR 95% CI p

15:01 124 (6.6) 112 (3.5) 1.93 1.4822.51 9.70e-07 2.06 1.5722.69 1.44e-07 NA NA NA

03:01 195 (10.4) 224 (7.0) 1.54 1.2621.89 3.01e-05 1.56 1.2721.91 2.20e-05 NA NA NA

04:05 19 (2.1) 23 (1.0) 2.09 1.1323.88 0.019 2.05 1.1023.81 0.023 2.35 1.2624.37 0.007

15:03 252 (13.4) 369 (11.6) 1.20 1.0021.43 0.049 1.18 0.9921.41 0.069 1.26 1.0521.51 0.012

11:01 52 (5.7) 203 (9.0) 0.61 0.4420.84 0.002 0.61 0.4420.84 0.002 0.68 0.4920.93 0.017

04:01 9 (1.0) 52 (2.3) 0.43 0.2120.87 0.019 0.43 0.2120.89 0.022 0.48 0.2320.97 0.041

16:02 18 (2.0) 29 (1.3) 1.56 0.8622.84 0.146 1.54 0.8422.80 0.159 1.81 0.9923.30 0.054

14:01 11 (1.2) 52 (2.3) 0.53 0.2821.01 0.054 0.53 0.2821.01 0.053 0.55 0.2921.05 0.070

09:01 19 (2.1) 81 (3.6) 0.57 0.3520.95 0.031 0.58 0.3520.96 0.033 0.63 0.3821.05 0.079

08:04 52 (5.7) 104 (4.6) 1.25 0.8921.76 0.198 1.25 0.8821.76 0.208 1.34 0.9521.90 0.094

11:02 23 (2.5) 91 (4.1) 0.61 0.3820.98 0.039 0.61 0.3820.97 0.038 0.67 0.4221.08 0.100

07:01 97 (10.7) 220 (9.8) 1.10 0.8621.43 0.444 1.10 0.8621.43 0.445 1.23 0.9521.59 0.124

13:03 22 (2.4) 80 (3.6) 0.67 0.4121.08 0.102 0.67 0.4121.08 0.100 0.71 0.4421.16 0.170

01:02 27 (3.0) 91 (4.1) 0.73 0.4721.13 0.154 0.72 0.4721.12 0.148 0.79 0.5121.23 0.304

03:02 121 (6.4) 207 (6.5) 0.99 0.7821.25 0.929 0.97 0.7721.23 0.827 1.07 0.8521.35 0.575

13:01 41 (4.5) 117 (5.2) 0.86 0.6021.24 0.425 0.87 0.6021.24 0.434 0.96 0.6621.38 0.806

10:01 15 (1.7) 43 (1.9) 0.86 0.4721.56 0.618 0.85 0.4721.55 0.605 0.94 0.5221.72 0.845

13:02 57 (6.3) 153 (6.8) 0.92 0.6721.26 0.590 0.92 0.6721.26 0.592 0.97 0.7121.34 0.869

12:01 34 (3.7) 93 (4.1) 0.90 0.6021.35 0.610 0.89 0.5921.33 0.570 0.97 0.6521.45 0.876

01:01 20 (2.2) 55 (2.5) 0.90 0.5521.50 0.692 0.92 0.5521.52 0.739 1.03 0.6221.72 0.899

Abbreviations: CI 5 confidence interval; HLA 5 human leukocyte antigen; MHC 5 major histocompatibility complex; MS 5 multiple sclerosis; NA 5 not
applicable; OR 5 odds ratio; PC 5 principal component.
a All of the alleles in which frequencies in controls are $1.0% are shown.
b For HLA-DRB1*15:01, *15:03, *03:01, and *03:02, 941 patients and 1,594 controls were enrolled, whereas for the other HLA-DRB1 alleles, data from
454 patients and 1,124 controls were included.
c Adjusted by the values of PC1 (OR 5 1.01 [95% CI 0.96–1.06], p 5 0.769) and PC2 (OR 5 0.94 [95% CI 0.85–1.05], p 5 0.261).
dAdjusted by the values of PC1 (OR 5 0.97 [95% CI 0.91–1.03], p 5 0.343) and the doses of HLA-DRB1*15:01 (OR 5 2.02 [95% CI 1.54–2.63],
p 5 2.50e-07) and HLA-DRB1*03:01 (OR 5 1.58 [95% CI 1.29–1.94], p 5 1.11e-05).
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patients with MS, consistent with our previous study
highlighting the primary role of HLA-DRB1 vs HLA-
DQB1.31 Interestingly, all of these MS-associated al-
leles are found in various HLA haplotypes in different
populations,13,37 consistent with a primary role for
HLA-DRB1 and HLA-A alleles rather than other
HLA genes. When the effect size of HLA-DRB1*15
was compared in our African American and white
American datasets, it was different (Q test p 5

1.65e-06). Whether this difference reflects a true bio-
logical effect of the MHC in these 2 populations
remains to be addressed.

Outside the MHC, the number of statistically asso-
ciated MS SNPs in African Americans was far lower
than the mean number of MS-associated SNPs in
the bootstrapped white American dataset. There are
3 possible explanations for this partial replication. First,
differences in minor allele frequencies (MAF), espe-
cially for those SNPs with lower MAF in African
Americans, could have affected the power to detect
the associations. Indeed, among the MS SNPs with a
MAF less than 15% in African Americans, only the
SNP rs3129889 in the HLA-DRB1 region was repli-
cated. Second, the smaller size of African haplotype
blocks32,38 may have caused some of the MS SNPs
originally identified in Europeans to fail tagging puta-
tive causative variants in African Americans. For exam-
ple, our previous study in African Americans showed

associations for 2 SNPs in EVI5 (rs10735781 and
rs6680578).21 Although the SNP genotyped in this
study (rs11810217) locates between rs10735781 and
rs6680578 and appears to be within the same haplo-
type block in Europeans (measures of LD, R2, and d9
are strong among the 3 SNPs), the R2 between
rs11810217 and the other variants, rs10735781 and
rs6680578, is extremely low in African Americans.
Similarly, we can attribute the lack of replication for
CD6 and TYK2, despite suggestive association signals
in our previous report,21 to SNP selection and LD
haplotype differences between African Americans and
Europeans. The observed opposite direction of the
association of the SNP rs2300603 in BATF can be
interpreted as a possible difference in the LD pattern
between this SNP and the putative causative variants in
African Americans, considering the observed smaller
haplotype blocks at the locus in African Americans
than in Europeans.39 It is important to note that for
the 57 non-MHC SNPs reported by Sawcer et al.,8 the
number of possible genes corresponding to one SNP
signal ranges between 1 and 33. Finally, genetic heter-
ogeneity across populations is an additional conceiv-
able explanation for absence of replication, at least for
some of the loci (table e-2). It is of interest that the
individual accumulation of genetic risk alleles across
populations for this minimal set of common risk alleles
matches the disease prevalence in each ancestral group,

Table 3 Association of HLA-DQB1 alleles for MS in African Americansa

Multivariate model

Monovariate model Ancestry-adjustedc Ancestry- and MHC signal–adjustedd

HLA-DQB1 MS,b n (%) Controls,b n (%) OR 95% CI p OR 95% CI p OR 95% CI p

02e 221 (24.3) 225 (21.6) 1.17 0.9421.45 0.157 1.16 0.9421.44 0.173 0.99 0.7621.30 0.936

03:01 128 (14.1) 176 (16.9) 0.79 0.6121.02 0.074 0.79 0.6121.02 0.073 0.86 0.6621.13 0.292

03:02 40 (4.4) 36 (3.5) 1.26 0.8121.97 0.305 1.28 0.8222.00 0.279 1.29 0.8222.04 0.278

03:03 8 (0.9) 11 (1.1) 0.83 0.3322.08 0.688 0.85 0.3422.14 0.727 1.05 0.3922.86 0.916

04:02 72 (7.9) 82 (7.9) 1.00 0.7221.40 0.982 0.99 0.7121.39 0.969 1.16 0.8121.66 0.430

05:01 125 (13.7) 154 (14.8) 0.92 0.7121.18 0.502 0.91 0.7121.18 0.481 0.94 0.7221.22 0.628

05:02 24 (2.6) 23 (2.2) 1.20 0.6722.16 0.536 1.20 0.6722.16 0.543 1.10 0.6121.98 0.761

05:03 9 (1.0) 14 (1.4) 0.75 0.3321.69 0.484 0.75 0.3321.70 0.494 0.79 0.3421.83 0.579

06:02 207 (22.8) 234 (22.5) 1.01 0.8221.25 0.896 1.02 0.8221.26 0.869 0.97 0.7621.25 0.829

06:03 21 (2.3) 27 (2.6) 0.88 0.4921.59 0.678 0.91 0.5121.64 0.760 1.17 0.6122.24 0.644

06:04 17 (1.9) 24 (2.3) 0.81 0.4421.51 0.507 0.83 0.4421.54 0.551 0.91 0.4721.75 0.772

06:09 33 (3.6) 30 (2.9) 1.26 0.7722.06 0.364 1.25 0.7622.05 0.385 1.27 0.7622.12 0.361

Abbreviations: CI 5 confidence interval; HLA 5 human leukocyte antigen; MHC 5 major histocompatibility complex; MS 5 multiple sclerosis; OR 5 odds
ratio; PC 5 principal component.
a All of the alleles in which frequencies in controls are $1.0% are shown.
b For HLA-DQB1 alleles, data from 455 patients and 520 controls were included.
c Adjusted by the values of PC1 (OR 5 1.01 [95% CI 0.96–1.06], p 5 0.769) and PC2 (OR 5 0.94 [95% CI 0.85–1.05], p 5 0.261).
dAdjusted by the values of PC1 (OR 5 0.97 [95% CI 0.91–1.03], p 5 0.343) and the doses of HLA-DRB1*15:01 (OR 5 2.02 [95% CI 1.54–2.63], p 5

2.50e-07) and HLA-DRB1*03:01 (OR 5 1.58 [95% CI 1.29–1.94], p 5 1.11e-05).
e All the alleles with HLA-DQB1*02 were assembled together.
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Table 4 Replication study in African Americans for MS-associated SNPs in Europeansa

rsID Chr GOI

African Americans White Americans

Literatured

OR (95% CI)

Meta-analysis
No. (%) of alleleb in Ancestry-adjustedc No. (%) of alleleb in Ancestry-adjustedc

HETe Global
MS Controls OR (95% CI) p MS Controls OR (95% CI) p p ORf (95% CI)

rs3129889 6 HLA-DRB1 175 (7.7) 193 (4.9) 1.65 (1.3322.05) 5.30e-06 282 (25.1) 86 (9.4) 3.33 (2.5424.36) 3.27e-18 2.97 (2.7723.18) 3.91e-07 2.23 (1.2623.97)

rs7200786 16 CLEC16A 711 (31.1) 1,045 (26.3) 1.26 (1.1221.41) 6.43e-05 537 (47.4) 439 (47.8) 0.98 (0.8321.17) 0.863 1.15 (1.1121.20) 0.141 1.16 (1.1221.20)

rs1335532 1 CD58 1,257 (55.1) 1,987 (50.5) 1.21 (1.0921.34) 4.41e-04 1,019 (89.9) 789 (86.5) 1.40 (1.0721.85) 0.016 1.18 (1.1221.24) 0.669 1.19 (1.1321.24)

rs13333054 16 IRF8 556 (24.4) 829 (20.9) 1.22 (1.0821.37) 0.002 267 (23.5) 192 (20.9) 1.16 (0.9421.43) 0.169 1.12 (1.0821.17) 0.182 1.13 (1.0921.17)

rs180515 17 RPS6KB1 661 (29.4) 995 (25.8) 1.20 (1.0721.35) 0.002 372 (33.3) 301 (32.7) 1.03 (0.8521.24) 0.764 1.05 (0.9921.12) 0.047 1.08 (1.0221.14)

rs4613763 5 PTGER4 496 (21.8) 739 (18.6) 1.22 (1.0721.38) 0.003 136 (12.0) 114 (12.4) 0.96 (0.7421.25) 0.778 1.21 (1.1521.28) 0.907 1.21 (1.1521.27)

rs1800693 12 TNFRSF1A 904 (40.9) 1,406 (37.1) 1.17 (1.0521.30) 0.004 500 (44.5) 385 (42.6) 1.08 (0.9121.29) 0.388 1.12 (1.0821.16) 0.447 1.12 (1.0921.16)

rs7238078 18 MALT1 1,746 (77.8) 2,931 (74.7) 1.19 (1.0521.34) 0.007 862 (76.4) 681 (75.2) 1.08 (0.8721.33) 0.487 1.14 (1.0621.23) 0.556 1.15 (1.0821.23)

rs669607 3 No gene 429 (18.8) 640 (16.1) 1.21 (1.0521.38) 0.007 562 (49.6) 425 (46.3) 1.14 (0.9621.36) 0.140 1.15 (1.0821.23) 0.510 1.16 (1.0921.23)

rs2248359 20 CYP24A1 894 (39.3) 1,427 (36.1) 1.14 (1.0321.27) 0.013 660 (58.1) 549 (59.9) 0.93 (0.7821.11) 0.409 1.11 (1.0421.19) 0.675 1.12 (1.0621.18)

rs2300603 14 BATF 2,039 (89.2) 3,606 (91.1) 0.81 (0.6820.96) 0.017 856 (75.5) 696 (76.0) 0.97 (0.7921.19) 0.785 1.08 (1.0121.16) 0.002 0.95 (0.7121.25)

rs11129295 3 EOMES 826 (36.1) 1,318 (33.2) 1.14 (1.0221.27) 0.020 495 (43.5) 344 (37.5) 1.27 (1.0721.51) 0.007 1.09 (1.0221.16) 0.489 1.10 (1.0421.17)

rs4648356 1 MMEL1 1,270 (55.9) 2,073 (53.0) 1.13 (1.0221.25) 0.024 797 (70.0) 609 (66.6) 1.17 (0.9721.41) 0.100 1.16 (1.1221.21) 0.637 1.16 (1.1221.20)

rs12048904 1 VCAM1 1,690 (74.4) 2,829 (71.8) 1.14 (1.0221.28) 0.027 467 (41.6) 366 (40.1) 1.06 (0.8921.27) 0.511 1.08 (1.0121.15) 0.418 1.09 (1.0321.16)

rs13192841 6 OLIG3 441 (19.3) 679 (17.1) 1.16 (1.0121.32) 0.032 339 (29.8) 291 (31.7) 0.92 (0.7621.11) 0.363 1.10 (1.0621.15) 0.457 1.10 (1.0621.15)

rs10201872 2 SP140 239 (10.5) 354 (8.9) 1.20 (1.0121.44) 0.040 207 (18.3) 165 (17.9) 1.03 (0.8221.29) 0.821 1.15 (1.0621.24) 0.667 1.16 (1.0821.24)

Abbreviations: AIM 5 ancestry informative marker; Chr 5 chromosome; CI 5 confidence interval; GOI 5 gene of interest; HET 5 heterogeneity; MS 5 multiple sclerosis; OR 5 odds ratio; PC 5 principal component;
SNP 5 single nucleotide polymorphism.
aResults of all MS SNPs are available in table e-1.
b The allele frequency of the one reported to be a risk allele in Europeans.
cAdjusted by PC1 values. For those individuals without PC1 values because of missing genotype for at least one AIM SNP, the mean PC1 values of the individual’s population were applied.
dReferences 8 and 11.
eCochrane Heterogeneity Q Test.
f For SNPs in which the p values of the Cochrane Heterogeneity Q Test were ,0.01, a random-effect model was applied to calculate the global ORs and 95% CIs; otherwise, a fixed-effect model was applied.
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suggesting that the global frequency of the disease is
influenced, at least in part, by the distribution of risk
alleles and that these validated SNPs tag causative
variants across different populations.

Building on the success of the GWAS approach,
meta-analyses and dense genotyping in large datasets
will most likely result in the rapid identification of
additional risk alleles. Studies comparing the genomes
of different ancestral groups may prove to be highly
informative by leveraging the differences in genome
LD patterns and clinical phenotypes.
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