
Local Ancestry at the Major Histocompatibility Complex Region 
is Not a Major Contributor to Disease Heterogeneity in a 
Multiethnic Lupus Cohort

Olivia Solomon1, Cristina M. Lanata2, Cameron Adams1, Joanne Nititham2, Kimberly E. 
Taylor3, Sharon A. Chung3, Jinoos Yazdany3, Maria Dall’Era3, Bernado A. Pons-Estel4, 
Teresa Tusié-Luna5, Betty Tsao6, Eric Morand7, Marta E. Alarcón-Riquelme8, Lisa F. 
Barcellos1, Lindsey A. Criswell2

1University of California, Berkeley, Genetic Epidemiology and Genomic Laboratory

2National Human Genome Research Institute, NIH, Bethesda, Maryland;

3Russell/Engleman Rheumatology Research Center, University of California, San Francisco

4Centro Regional de Enfermedades Autoinmunes y Reumaticas (GO-CREAR), Rosario, 
Argentina

5Instituto Nacional de Ciencias Médicas y Nutrición Salvador Zubirán and Instituto de 
Investigaciones Biomédicas de la Universidad Nacional Autonoma de México, Mexico City, 
Mexico

6Medical University of South Carolina, Charleston, South Carolina

7Monash University Faculty of Medicine, Nursing & Health Sciences, Melbourne, Australia

8Center for Genomics and Oncological Research (GENYO). Pfizer—University of Granada—
Andalusian Government, Parque Tecnologico de la Salud, Granada, Spain.

Abstract

Objective.—Systemic lupus erythematosus (SLE) is an autoimmune disease resulting in 

debilitating clinical manifestations that vary in severity by race and ethnicity with a 

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which 
permits use and distribution in any medium, provided the original work is properly cited, the use is non-commercial and no 
modifications or adaptations are made.

Address correspondence via email to Lisa F. Barcellos, MPH, PhD, at lbarcellos@berkeley.edu.
AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically for important intellectual content, and all authors approved the 
final version to be published. Dr. Barcellos had full access to all of the data in the study and takes responsibility for the integrity of 
the data and the accuracy of the data analysis. This research was supported in part by the Intramural Research Program of the National 
Human Genome Research Institute, National Institutes of Health.
Study conception and design. Solomon, Lanata, Nititham, Taylor, Chung, Yazdany, Dall’Era, Pons-Estel, Tusié-Luna, Tsao, Morand, 
Alarcón-Riquelme, Barcellos, Criswell.
Acquisition of data. Solomon, Lanata, Nititham, Taylor, Chung, Yazdany, Dall’Era, Pons-Estel, Tusié-Luna, Tsao, Morand, Alarcón-
Riquelme, Bar-cellos, Criswell.
Analysis and interpretation of data. Solomon, Lanata, Adams, Barcellos, Criswell.

Additional supplementary information cited in this article can be found online in the Supporting Information section (http://
onlinelibrary.wiley.com/doi/10.1002/art.42766).

Author disclosures are available at https://onlinelibrary.wiley.com/doi/10.1002/art.42766.

HHS Public Access
Author manuscript
Arthritis Rheumatol. Author manuscript; available in PMC 2024 April 01.

Published in final edited form as:
Arthritis Rheumatol. 2024 April ; 76(4): 614–619. doi:10.1002/art.42766.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://creativecommons.org/licenses/by-nc-nd/4.0/
http://onlinelibrary.wiley.com/doi/10.1002/art.42766
http://onlinelibrary.wiley.com/doi/10.1002/art.42766
https://onlinelibrary.wiley.com/doi/10.1002/art.42766


disproportionate burden in African American, Mestizo, and Asian populations compared with 

populations of European descent. Differences in global and local genetic ancestry may shed light 

on the underlying mechanisms contributing to these disparities, including increased prevalence of 

lupus nephritis, younger age of symptom onset, and presence of autoantibodies.

Methods.—A total of 1,139 European, African American, and Mestizos patients with SLE were 

genotyped using the Affymetrix LAT1 World array. Global ancestry proportions were estimated 

using ADMIXTURE, and local ancestry was estimated using RFMIXv2.0. We investigated 

associations between lupus nephritis, age at onset, and autoantibody status with both global and 

local ancestry proportions within the Major Histocompatibility Complex region.

Results.—Our results showed small effect sizes that did not meet the threshold for statistical 

significance for global or local ancestry proportions in either African American or Mestizo 

patients with SLE who presented with the clinical manifestations of interest compared with those 

who did not.

Conclusion.—These findings suggest that local genetic ancestry within the Major 

Histocompatibility Complex region is not a major contributor to these SLE manifestations among 

patients with SLE from admixed populations.

INTRODUCTION

Systemic lupus erythematosus (SLE) is a heterogeneous autoimmune disease resulting in 

debilitating clinical manifestations that vary in severity by race and ethnicity.1 Disparities 

in presentation and prognosis of SLE place a disproportionate burden on African 

American, Mestizo (admixed individuals with Amerindian and European descent), and 

Asian populations. Differences in global ancestry, the percentage of the overall genome 

that comes from different ancestral populations for an individual, and local ancestry, the 

ancestral population from which a single nucleotide polymorphism (SNP) or other genetic 

variant originated, may contribute to these observed disparities.

Prior studies have established genetic ancestry related differences in risk of SLE; however, 

few have investigated the relationship between disease manifestations and global ancestry,2,3 

and no studies, to date, have investigated the role of local ancestry in relation to specific 

disease manifestations. Prior studies have shown that increased global European ancestry is 

associated with a decreased risk of lupus nephritis4 and a prior study that investigated global 

genetic ancestry in multiple racial and ethnic groups observed distinct genes and pathways 

associated with development of lupus nephritis in each population.2 Evidence for association 

between local ancestry and lupus nephritis has not been reported.

Additionally, previous genome-wide association studies in European patients have shown 

stronger associations of SLE risk loci in patients with anti-double-stranded DNA (dsDNA) 

autoantibodies.5 Further, ancestry has been associated with gene-expression related 

to autoantibodies, including anti-dsDNA.6 Because genetic profiles within the Major 

Histocompatibility Complex (MHC) have been linked to the production of autoantibodies, it 

is thought that racial and ethnic differences in autoantibody profiles are due to genetics.7
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In the current study, we used genotype data for a large multiethnic SLE cohort to investigate 

both global and local ancestry associations in the MHC region with SLE manifestations. 

Human leukocyte antigen (HLA) alleles in the MHC are highly polymorphic and strongly 

associated with lupus pathogenesis,8 making this area of the genome a strong candidate 

for elucidating local ancestry differences, which may contribute to SLE manifestations. We 

estimated global and local ancestry proportions for all patients and assessed the relationship 

between ancestry and lupus nephritis, age at onset, and autoantibody profiles.

MATERIALS AND METHODS

Participants.

Written informed consent was obtained from all study participants, and the institutional 

review board at each collaborating center approved the study (University of California, 

San Francisco; Oklahoma Medical Research Foundation, Monash Health; and University of 

California, Los Angeles).

Participants were patients from established SLE cohorts and included individuals of 

European, African American, and Mestizo race and ethnicities. A total of 1,139 SLE 

cases were obtained from the United States, Australia, Spain, and Mexico. All participants 

fulfilled the American College of Rheumatology revised classification criteria for SLE.9 

Participants were recruited from a variety of settings, including academic medical centers 

and community hospitals.

SLE manifestations.

Four clinical manifestations, including anti-dsDNA autoantibody status, anti-Smith 

autoantibody status, lupus nephritis, and age of SLE onset, were studied. Lupus nephritis 

was defined as fulfilling the American College of Rheumatology renal classification 

criterion (>0.5 grams of proteinuria per day or 3+ protein on urine dipstick analysis) or 

having evidence of lupus nephritis on kidney biopsy.

Sample collections and genotyping.

DNA was collected from blood or saliva (Oragene DNA sample collection kits, 

DNAGenotek) from all study participants. Samples were genotyped using the Affymetrix 

LAT1 World array at the University of California, San Francisco, Institute of Human 

Genetics Genomics Core Facility. The Affymetrix LAT1 World array covers 817,810 SNP 

markers across the genome and was designed to include coverage for multiple diverse ethnic 

populations. Quality control procedures have been previously described.2 Briefly, samples 

were filtered for a genotyping call rate less than 95%, discrepancies between reported and 

genetically assessed sex, and evidence of relatedness (one of each first-degree relative pairs 

removed, defined by identity by descent pi-hat >0.25). Departure from Hardy-Weinberg 

equilibrium was assessed using European and Asian patients without lupus nephritis or 

anti-dsDNA autoantibodies. SNPs were removed from analysis if evidence of departure from 

Hardy-Weinberg equilibrium was present (P < 5 E-08 in self-identified European patients 

and P < 1 E-05 in self-identified Asian patients) or if genotyping call rates were below 95%. 

Standard Affymetrix Axiom metrics were also applied (Dish QC ≥ 0.82 and default cluster 
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metrics of SNPolisher). After applying these quality control assessments, 1,139 participants 

and 722,240 SNPs were available for analysis.

Reference datasets.

We used 1000 Genomes (1000G)10 reference panel for individuals of European, African 

American, and Mestizo ancestry. To improve our reference on Indigenous American 

ancestry, we used an external dataset consisting of 43 individuals with more than 95% 

Indigenous American ancestry to identify the subset of 1000G with more than 95% 

Indigenous American ancestry.11 ADMIXTURE12 was run unsupervised including all 

Amerindian 1000G patients combined with the 43 nonadmixed patients, assuming 2 

subpopulations (K = 2, Indigenous American and other). Nonadmixed 1000G Indigenous 

American patients were used for downstream ancestry inference.

Global ancestry estimation.

We used ADMIXTURE to determine the percentage of the overall genome belonging to 

each ancestral population. We first combined our sample data with 1000G genotype data and 

pruned SNPs for linkage disequilibrium, removing each SNP with an R2 value greater than 

0.1 in a 50 SNP sliding window advanced by 10 SNPs each time, as recommended.12 This 

left 162,159 SNPs for global ancestry estimation. We then ran ADMIXTURE unsupervised 

assuming 5 subpopulations (K = 5, European, African, East Asian, South Asian, and 

Indigenous American). We used known labels from 1000G to determine the ancestry of 

the estimated proportions for each patient with SLE and placed them into European, African 

American, and Mestizo subgroups.

Phasing and HLA imputation.

To ensure a high density within the MHC region of the genome for local ancestry estimation, 

HIBAG13 was used to impute classical HLA alleles (HLA- A, B, C, DRB1, DQB1, DQA1, 

DQB1, and DPB1). HIBAG includes pretrained models for African American and Mestizo 

populations and is well suited for HLA allele imputation in the admixed SLE samples. 

Imputed alleles with more than 0.5 posterior probability were retained for downstream 

analysis, as recommended. Genotype data were phased with all populations together using 

BEAGLEv5.1,14 1000G as a reference panel, and GRCh37 genetic map positions in 

centimorgans.

Local ancestry inference.

Genome-wide local ancestry inference was estimated separately in African American and 

Mestizo patients using a machine learning algorithm, RFMixv2.0.15 For each population, 

RFMixv2.0 requires four inputs: (1) phased haplotypes admixed patients, (2) phased 

reference haplotypes, (3) a file with labels for the reference populations, and (4) genetic 

map positions. For African American samples, the reference population consists of all 

nonadmixed African and European 1000G patients. For Mestizo samples, the reference 

population consists of the 24 nonadmixed Indigenous American 1000G patients, as well 

as 24 randomly sampled African and European 1000G patients. RFMix was run using 

recommended input parameters of five minimum number of reference haplotypes per 
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tree node and three expectation maximization iterations. The number of generations since 

admixture occurred that were used as input parameters were 6 and 11 for African American 

and Mestizo patients, respectively, according to previous estimates for populations in the 

United States.16

Statistical analysis.

Global ancestry.—To test for association between global ancestry proportions and SLE 

manifestations, we used two-sample bootstrapping to compare the mean ancestry between 

patients with SLE manifestations (with lupus nephritis, younger than median age at onset, 

presence of anti-dsDNA autoantibodies, and presence of anti-Smith autoantibodies) with 

patients with SLE without these manifestations.

Local ancestry.—To test for the association between local ancestry and SLE 

manifestations, we performed the nonparametric test statistic proposed by Montana and 

Prichard17 for admixture mapping. The equation for the test statistic is included below.

T(I, k) = z‾l, d k − z‾l, c k − q‾d k − q‾c k
SD z‾l, d k − z‾l, c k

The variables are defined as follows: z‾l, d k  is the average local ancestry of those with 

the SLE manifestation (lupus nephritis, younger age at onset, presence of anti-dsDNA and 

anti-Smith autoantibodies) at locus I for ancestry k and z‾l, c k  is the average local ancestry 

for SLE without the manifestations. The term q‾d k  is the genome-wide average of ancestry 

k among cases and q‾c k  is defined similarly for controls. The variance V ar z‾l, d k − z‾l, c k  of 

the test statistic at a given locus was empirically estimated as the sum of variance of average 

ancestry among patients with SLE manifestations and without. The SD follows as the square 

root of the variance. These terms were estimated using RFMix.

Tests were conducted within the MHC region (chr6:28477797–33448354), extended to 

candidate SNPs previously known to be associated with either SLE or lupus nephritis risk 

(Total N = 191), and finally extended genome wide. A list of candidate SNPs can be found 

in the Supplementary Materials. Multiple hypothesis testing was addressed using the false 

discovery rate. For genome-wide analyses, tests were corrected for the total number of 

windows output by RFMix; for candidate SNP analyses, for the total number of windows 

spanning the preselected SNPs; and finally, for HLA-specific analyses, for the total number 

of windows estimated within the MHC region. Complete details of how RFMix defines 

windows for local ancestry inference are described in this article.15

RESULTS

Participants and global ancestry estimation.

Global ancestry estimation identified a total of 236 African American, 306 Mestizo, and 597 

European patients with SLE. Admixed patients (African American and Mestizo patients) 

were included in downstream analyses. On average, African American patients were 80.7% 
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African and 19.3% European, and Mestizo patients were 48.9% Indigenous American, 6.1% 

African, and 45.0% European (Table 1).

Global ancestry associations.

Within each racial and ethnic group, we tested for association between global ancestry 

proportions and SLE manifestations. There were no significant associations between global 

ancestry and SLE manifestations in African American or Mestizo patients.

Local ancestry associations.

We investigated the association between local ancestry and SLE manifestations. We 

investigated whether local ancestry spanning chromosome 6:28477797–33448345, which 

included HLA class I, II, and III regions, was associated with lupus nephritis, age at onset, 

anti-dsDNA autoantibody status, and anti-Smith autoantibody status, separately for each 

admixed population. In African American and Mestizo patients, RFMix estimated 50 and 85 

windows of local ancestry, respectively.

Local ancestry differences between patients with SLE with and without the manifestations 

of interest were small throughout all the windows in the MHC region. On average, the 

difference in European ancestry in African American patients was 3.62% for lupus nephritis, 

0.58% for age at onset, 0.20% for anti-Smith autoantibodies, and 0.01% for anti-dsDNA 

autoantibodies. In Mestizo patients, the average difference in European ancestry between 

patients with and without SLE manifestations was 3.30% for lupus nephritis, 0.14% for 

age at onset, 8.1% for anti-Smith autoantibodies, and 6.3% for anti-dsDNA autoantibodies. 

After correction for multiple hypothesis testing, no significant differences were observed in 

local ancestry between patients with SLE with and without the manifestations of interest in 

African American or Mestizo populations.

Results for anti-dsDNA autoantibodies showed the smallest nominal P values. Although 

no results reached statistical significance in our analysis, we report the top 10 results for 

differences in local ancestry with anti-dsDNA autoantibodies in both African American 

patients and Mestizo patients in Table 2. Figures 1A and 1B show the small differences 

in local ancestry observed in African American and Mestizo patients with SLE with and 

without anti-dsDNA autoantibodies.

DISCUSSION

Although SLE manifestations vary greatly by race and ethnicity, studies in multiethnic 

populations are lacking and reasons for the striking differences in clinical manifestations 

are poorly understood. Studies have previously identified differential genetic risk factors 

for different race and ethnicities; however, few studies have investigated genetic differences 

contributing to clinical manifestations, which have been observed to differ by race and 

ethnicity. In this study, we used two measures of genetic ancestry, global and local ancestry, 

to identify associations with clinical manifestations of SLE in two admixed populations, 

including African American and Mestizo patients. It is important to note that global ancestry 

associations with SLE outcomes might not be due to genetics alone. Global ancestry 

estimations can be a proxy for other race and ethnicity related characteristics, such as skin 
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color, physical appearance, and exposures such as structural racism.18 It is therefore difficult 

to disentangle the association of SLE disease manifestations from global genetic ancestry 

versus factors, which may be due to social determinants of health. In contrast, local ancestry 

measures are independently assorted throughout the genome, and therefore are a better 

measure to capture associations between genetic ancestry and SLE disease manifestations.

We did not observe any significant differences in local ancestry across the MHC region in 

African American or Mestizo patients with SLE with lupus nephritis status, age at onset, 

anti-dsDNA, or anti-Smith autoantibody status. The absence of differences in local ancestry 

according to the presence versus absence of more severe disease manifestations suggests that 

local ancestry is not a large contributor to the observed differences in SLE manifestation 

severity in African American and Mestizo patients in this study. Although some studies 

have suggested that genetics may be responsible for the observed differences, recent studies 

suggest that social determinants of health are a large contributor to these differences.19

A major strength of our study was the use of a clinically well-characterized multiethnic 

patient with SLE cohort allowing for analyses to extend beyond populations of European 

descent. Although SLE is more prevalent and severe in African American and Mestizo 

populations, multiethnic studies are lacking. Additionally, all patients were genotyped on 

the same Affymetrix LAT1 WorldArray platform, which has increased coverage for admixed 

populations.

Although the total sample size (n = 1,139) was large, we had limited power for genome-

wide analyses within each admixed subpopulation. The small sample size of each admixed 

population may be one reason for negative findings. Power for local ancestry analyses 

is dependent on multiple factors: the magnitude of the association between the SNP and 

the outcome of interest, the proportion of admixture, and the minor allele frequency 

difference between the ancestral populations. With a small sample size and a lack of 

previous genome-wide association studies to identify SNPs associated with the specific 

manifestations of interest, we are only powered to identify windows that have a large minor 

allele frequency difference between the ancestral populations. Additionally, local ancestry 

is highly dependent on the choice of reference panels and assumes that the populations 

included in reference panels are the same populations that gave rise to admixture in the study 

participants. Care was taken to select appropriate reference populations, such as excluding 

patients from the African Ancestry in Southwest US and African Caribbean in Barbados 

from African reference panels as well as selecting Indigenous American reference samples 

in 1000G using an external reference, but our reference population for local ancestry 

estimation in Mestizo patients was small (n = 24) and still contained a small (<5%) amount 

of admixture. Our results may be biased by our reference panels and can be improved as 

better references are developed.

To our knowledge, this is the first study to investigate local ancestry associations with 

specific manifestations of SLE. Within the MHC region, we did not observe large 

differences in local ancestry in either African American or Mestizo patients. Future studies 

with larger numbers of admixed individuals as well as more appropriate, larger reference 

datasets may lead to improved local ancestry estimates.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

REFERENCES

1. Yen EY, Singh RR. Brief report: lupus-an unrecognized leading cause of death in young females: 
a population-based study using nationwide death certificates, 2000–2015. Arthritis Rheumatol 
2018;70:1251–1255. [PubMed: 29671279] 

2. Lanata CM, Nititham J, Taylor KE, et al. Genetic contributions to lupus nephritis in a multi-
ethnic cohort of systemic lupus erythematous patients. PLoS One 2018;13:e0199003. [PubMed: 
29953444] 

3. Molineros JE, Maiti AK, et al. Admixture mapping in lupus identifies multiple functional 
variants within IFIH1 associated with apoptosis, inflammation, and autoantibody production. PLOS 
Genetics 2013;9:e1003222. [PubMed: 23441136] 

4. Richman IB, Taylor KE, Chung SA, et al. European genetic ancestry is associated with a decreased 
risk of lupus nephritis. Arthritis Rheum 2012;64:3374–3382. [PubMed: 23023776] 

5. Chung SA, Taylor KE, Graham RR, et al. Differential genetic associations for systemic lupus 
erythematosus based on anti–dsDNA autoantibody production. PLOS Genet 2011;7:e1001323. 
[PubMed: 21408207] 

6. Catalina MD, Bachali P, Yeo AE, et al. Patient ancestry significantly contributes to molecular 
heterogeneity of systemic lupus erythematosus. JCI Insight 2020;5:e140380. [PubMed: 32759501] 

7. Lau CS, Yin G, Mok MY. Ethnic and geographical differences in systemic lupus erythematosus: an 
overview. Lupus 2006;15:715–719. [PubMed: 17153840] 

8. Relle M, Schwarting A. Role of MHC-linked susceptibility genes in the pathogenesis of human and 
murine lupus. Clin Dev Immunol 2012;2012:584374. [PubMed: 22761632] 

9. Aringer M, Costenbader K, Daikh D, et al. 2019 European League Against Rheumatism/American 
College of Rheumatology classification criteria for systemic lupus erythematosus. Arthritis 
Rheumatol 2019;71:1400–1412. [PubMed: 31385462] 

10. Auton A, Brooks LD, Durbin RM, et al. ; 1000 Genomes Project Consortium. A global reference 
for human genetic variation. Nature 2015;526:68–74. [PubMed: 26432245] 

11. Mao X, Bigham AW, Mei R, et al. A genomewide admixture mapping panel for hispanic/latino 
populations. Am J Hum Genet 2007; 80:1171–1178. [PubMed: 17503334] 

12. Alexander DH, Novembre J, Lange K. Fast model-based estimation of ancestry in unrelated 
individuals. Genome Res 2009;19:1655–1664. [PubMed: 19648217] 

13. Zheng X, Shen J, Cox C, et al. HIBAG—HLA genotype imputation with attribute bagging. 
Pharmacogenomics J 2014;14:192–200. [PubMed: 23712092] 

14. Browning BL, Browning SR. Rapid and accurate haplotype phasing and missing-data inference 
for whole-genome association studies by use of localized haplotype clustering. Am J Hum Genet 
2007;81:1084–1097. [PubMed: 17924348] 

15. Maples BK, Gravel S, Kenny EE, Bustamante CD. RFMix: a discriminative modeling approach 
for rapid and robust local-ancestry inference. Am J Hum Genet 2013;93:278–288. [PubMed: 
23910464] 

16. Bryc K, Durand EY, Macpherson JM, et al. The genetic ancestry of African Americans, Latinos, 
and European Americans across the United States. Am J Hum Genet 2015;96:37–53. [PubMed: 
25529636] 

17. Montana G, Pritchard JK. Statistical tests for admixture mapping with case-control and cases-only 
data. Am J Hum Genet 2004;75:771–789. [PubMed: 15386213] 

18. Cerdeña JP, Grubbs V, Non AL. Genomic supremacy: the harm of conflating genetic ancestry and 
race. Hum Genomics 2022;16:18. [PubMed: 35585650] 

19. Hasan B, Fike A, Hasni S. Health disparities in systemic lupus erythematosus—a narrative review. 
Clin Rheumatol 2022;41:3299–3311. [PubMed: 35907971] 

Solomon et al. Page 8

Arthritis Rheumatol. Author manuscript; available in PMC 2024 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
(A) Difference in European ancestry in African American patients with and without anti-

dsDNA autoantibodies in the MHC region and (B) difference in Indigenous American 

ancestry in Mestizo patients with and without anti-dsDNA autoantibodies in the MHC. 

Anti-dsDNA, anti–double-stranded DNA; HLA, human leukocyte antigen; MHC, Major 

Histocompatibility Complex.
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Table 1.

Patient characteristics by global ancestry group*

African American (n = 236) Mestizo (n = 306)

Female, n (%) 224 (94.9) 282 (92.2)

Age at onset, mean (SD) 33 (13) 30 (11)

Lupus nephritis, n (%) 127 (54.0) 164 (53.6)

Anti-dsDNA, n (%) 156 (66.1) 181 (69.1)

Anti-Smith, N (%) 61 (26.0) 58 (26.5)

*
Anti-dsDNA, anti–double-stranded DNA.
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