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African-ancestry-specific variant IKKβ 
p.Glu502Lys confers high lupus risk
 

Gudny Ella Thorlacius    1,8  , Erna V. Ivarsdottir    1,8, Saedis Saevarsdottir1,2,3, 
Kristjan H. S. Moore    1, Sigurjon A. Gudjonsson1, Bjarni V. Halldorsson    1, 
Hilma Holm1, Aslaug Jonasdottir1, Frosti Jonsson1, Snaedis Kristmundsdottir1, 
Gisli Masson1, Olafur T. Magnusson1, Gudmundur L. Norddahl1, 
Asmundur Oddsson1, Thorunn A. Olafsdottir1,2, Pall I. Olason1, Aron Skaftason1, 
Lilja Stefansdottir1, Arni Sturluson1, Unnur Thorsteinsdottir1,2, 
Gudmar Thorleifsson1, Valentin Y. Walker1,4, Florian Zink1, 
Eirikur Steingrimsson    4, Daniel F. Gudbjartsson1,5, Ingileif Jonsdottir1,2,6, 
Agnar Helgason    1,7, Patrick Sulem1 & Kari Stefansson    1,2 

Cutaneous lupus erythematosus (CLE) is an autoimmune disease of the 
skin, occurring with or without systemic lupus erythematosus (SLE). People 
with African ancestry have a higher risk than people with other ancestries of 
developing lupus1 but have been underrepresented in genetic studies. We 
whole-genome-sequenced 27,820 Americans with genetically inferred African 
ancestry from the Diverse Ancestry Cohort, including people with CLE (n = 211) 
and/or SLE (n = 574). We discovered an association with a rare missense variant 
in IKBKB, rs115698972G>A, IKKβE502K, exclusive to people with African ancestry, 
conferring an odds ratio (OR) of 5.4 for CLE and 3.3 for SLE. These associations 
replicated in the All of Us and VA Million Veteran Research Programs for CLE 
(ORmeta = 3.8, Pmeta = 5.3 × 10−20, n = 1,243) and SLE (ORmeta = 3.2, Pmeta = 1.0 × 10−19, 
n = 1,697). In this cohort, IKKβE502K accounts for 10.4% of CLE cases and 6.4% of 
SLE cases, confers a high lupus risk, and contributes substantially to the disease 
prevalence among people with African ancestry. This highlights the value of 
including diverse ancestries in genetic association studies.
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There is substantial overlap between those who receive a CLE and SLE 
diagnosis, but SLE patients can present without cutaneous involvement 
and CLE patients can present without systemic manifestations. Lupus 
erythematosus can manifest in several ways that vary greatly among 
affected patients. Both the prevalence and presentation of CLE and 
SLE differ between people with African and European ancestries2–5. 
Severe manifestations such as lupus nephritis have a higher preva-
lence in Americans with African ancestry than in people with European 

ancestry1,6, and discoid lupus, one of the most severe forms of CLE, is 
over ten times more prevalent in people with African ancestry5.

Despite this, only 1 of the 33 studies on SLE presently documented 
in the genome-wide association studies (GWAS) Catalog (www.ebi.
ac.uk/gwas) included people with African ancestry7. That study 
described six loci outside the human leukocyte antigen (HLA) region 
to associate with SLE in their African ancestry cohort subset: IRF5, 
BLK, ITGAM, two near PTTG1 and the PLAT-IKBKB locus. All but the 
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variant, compared to 2.0% of the controls (Fig. 2a). The penetrance of 
IKKβE502K was 7.1% for the combined CLE and SLE patient group. Of the 
quantitative traits available, IKKβE502K associated with reduced lympho-
cyte counts (effect = −0.21 s.d., P = 3.1 × 10−5; Supplementary Table 5). 
After accounting for multiple testing, IKKβE502K was not associated with 
other diseases available in the DAC dataset (Supplementary Table 6). As 
this cohort is captured via healthcare registries with limited options for 
clinical verification, it is possible that the effect of the IKKβE502K variant 
on lupus risk could be underestimated; however, the effect of this vari-
ant on CLE risk is currently, to our knowledge, the largest documented.

IKKΒE502K increases the risk of CLE fivefold in the DAC dataset. 
Resources with large-scale genotype and phenotype data derived from 
people with African ancestries are few, but people with this ancestry 
are necessary to replicate this association. Currently, the All of Us 
Research Program14 and the VA Million Veteran Program (MVP)15 are 
two of the largest studies available with data from approximately 
23,000 and 121,000 people, respectively. The IKKβE502K association 
with CLE and SLE replicated in both datasets (Table 1). Meta-analyzing 
all three datasets strengthened the association of IKKΒE502K with CLE 
(ORmeta = 3.8 (2.9; 5.1), Pmeta = 5.3 × 10−20, ncases = 1,243, ncontrols = 169,847; 
Table 1) and SLE (ORmeta = 3.2 (2.5; 4.1), Pmeta = 1.0 × 10−19, ncases = 1,697,  
ncontrols = 169,574; Table 1). There was no significant heterogeneity 
between cohorts (Table 1).

To assess the influence of IKKΒE502K on disease presentation, we 
analyzed its effect on age at diagnosis, using age at first recorded 
instance of CLE/SLE codes (Fig. 2b). IKKΒE502K carriers received their first 
registered diagnosis 6.9 years earlier (95% CI = 1.9, 11.9) than noncarriers 
(mean age: 32.5 years in carriers, 39.4 years in noncarriers (P = 0.0069; 
Fig. 2b); 24.4% of carriers were diagnosed with lupus during childhood 
(<18 years old) compared to 11.6% of noncarriers (OR = 2.5 (1.1; 5.7), 
P = 0.029).

Both CLE and SLE are more prevalent in women than men16, and 
90% of the lupus cases in the DAC were biologically female. Whereas 
the effect of IKKβE502K on the risk of SLE/CLE was similar for both sexes 
(Supplementary Table 7), the effect on age at diagnosis was greater in 
men than in women (P = 0.045; Fig. 2c and Supplementary Table 8). 

PLAT-IKBKB association have been reported to associate with SLE in 
populations without African ancestry8. The GWAS Catalog contains 
just one study of CLE that included only people of European ancestry9 
and reported associations with variants in the HLA region and ITGAM10. 
People with African ancestry are underrepresented in genetic studies 
on lupus, despite carrying the greatest disease burden. Therefore, we 
performed GWAS for CLE and SLE in a subset of the Diverse Ancestry 
Cohort (DAC) that includes Americans with genetically inferred African 
ancestry (Methods).

To search for African-ancestry-specific sequence variants that 
associate with CLE, we analyzed 340 million sequence variants identi-
fied through whole-genome sequencing (WGS) of 27,820 people from 
the DAC collected by the Alliance for Genomic Discovery11,12 (AGD) 
(www.nashbio.com) with genetically inferred African ancestry, here-
after referred to as Americans with African ancestry. The DAC dataset 
consists of patients from Vanderbilt University Medical Center (VUMC) 
health system in Nashville and primary-care clinics in Tennessee, USA. 
We identified a rare missense variant, rs115698972G>A, unique to popu-
lations with African ancestry (minor allele frequency (MAF) = 1.05%, 
European ancestry-MAF = 0.0005% (ref. 13)), to associate with 
increased risk of CLE (OR = 5.4, 95% confidence interval (CI) = (3.2; 9.3),  
P = 6.9 × 10−10) in 211 patients compared to 25,360 controls (Table 1 
and Fig. 1a,b). This variant causes a substitution Glu502Lys (IKKβE502K) 
in exon 14 of the IKBKB gene encoding the inhibitor of nuclear fac-
tor kappa-B kinase (NFκB), subunit beta (IKKβ) and was the variant 
associated most significantly at the locus after weighted Bonferroni 
correction. No other variant at the locus was associated significantly 
after adjusting for IKKβE502K (Supplementary Table 1).

To determine whether the CLE-associated IKKβE502K also associ-
ates with SLE, we assessed the 574 SLE patients in the DAC and found a 
significant association (OR = 3.3 (2.2; 4.9), P = 5.3 × 10−9; Table 1, Fig. 1c,d 
and Supplementary Tables 2 and 3). The effect was present in both the 
isolated CLE and SLE patient populations, even when excluding people 
with both diagnoses (CLE and SLE; Supplementary Table 4). Strikingly, 
11.1% of those with only CLE and no SLE diagnosis on record, and 10.3% 
of those with a combination of CLE and SLE, were carriers of this rare 

Table 1 | Association of IKKβE502K sequence variant rs115698972-A (chr. 8:42319409_G_A) with CLE and SLE

Genotyping Dataset MAFa Cases, n Controls, n OR (95% CI) P value P het

CLEb

Discovery WGS DACc 1.05% 211* 25,360 5.4 (3.2–9.0) 6.9 × 10−10

DAC cases
DAC controls

5.45%
1.01%

22 carriers among cases
554 carriers among controls

Replication WGS All of Usd,e 1.16% 425 23,192 4.8 (2.4–9.9) 1.8 × 10−5

Imputation MVPf 1.09% 607 121,151 3.0 (2.0–4.3) 2.7 × 10−8

Replication (combined) 1,032 144,343 3.3 (2.4–4.6) 4.4 × 10−12 0.24

Meta-analysis 1,243 169,703 3.8 (2.9–5.1) 5.3 × 10−20 0.14

SLEg

Discovery WGS DACc 1.05% 574h 25,504 3.3 (2.2–4.9) 5.3 × 10−9

DAC cases
DAC controls

3.31%
1.00%

37 carriers among cases
539 carriers among controls

Replication WGS All of Usd,e 1.16% 383 23,221 5.6 (2.6–12.1) 1.0 × 10−5

Imputation MVPf,i 1.09% 740 120,993 2.8 (2.0–4.0) 1.8 × 10−8

Replication (combined) 1,123 144,214 3.1 (2.3–4.4) 3.2 × 10−12 0.10

Meta-analysis 1,697 169,718 3.2 (2.5–4.1) 1.0 × 10−19 0.26

Discovery analyses were conducted in the DAC and replication analyses in the subset of the All of Us Research Program and the VA MVP defined as having African ancestry. A logistic regression 
was used to test for associations, and the two-sided P values were obtained from a likelihood ratio test. aThe MAF of IKKβE502K in people with European ancestry is 0.0005%. bCLE was captured 
using the ICD-10 code L93, ICD-9 code 695.4 and the phecode 695.4. cCurrent study population of Americans with African genomic ancestry from the DAC. dSubset of the All of Us Research 
Program defined as having African genomic ancestry. eData on the association of IKKβE502K with CLE and SLE in the All of Us Research Program was available only for female participants due to the 
low number of men available. fSubset of the VA MVP defined as having African genomic ancestry. gSLE was captured using the ICD-10 code M32, ICD-9 code 710.0 and the phecode 695.42. hIn 
the DAC, 175 cases had both CLE and SLE. Information on overlap was not available in the replication cohorts. iThe R2 for the imputation quality of rs115698972 in the VA MVP dataset was 0.988.
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Fig. 1 | Sequence variants associated with CLE with and without systemic 
disease involvement in Americans with genetically inferred African ancestry. 
a, Manhattan plot depicting the associations of sequence variants with CLE in 
a case–control comparison of 211 patients with CLE and 25,504 controls. b, At 
the IKBKB locus on chr. 8, the missense variant IKKβE520K (rs115698972-A, black 
diamond) is associated with CLE. c, Manhattan plot depicting the association of 
sequence variants with SLE in a case–control comparison of 574 patients with 
SLE and 25,360 controls. d, Association of sequence variants at the IKBKB locus 

with SLE. A logistic regression was used to test for the association of variants 
with CLE/SLE, and the two-sided P values were obtained from a likelihood ratio 
test. In b and d, variants are colored by their r2 with the main variant (IKKβE502K, 
rs115698972-A) as indicated by the legend. Top: negative log10 of the weighted 
Bonferroni-corrected P values (PBonf) for the variants at the IKBKB locus 
(diamonds) with CLE/SLE. Middle: circles represent unadjusted P values for their 
association with CLE/SLE as indicated. Bottom: positions on chr. 8.

http://www.nature.com/naturegenetics


Nature Genetics | Volume 57 | December 2025 | 2980–2986 2983

Letter https://doi.org/10.1038/s41588-025-02398-6

All affected male IKKΒE502K carriers (n = 4) had early-onset disease (16–
23 years of age), whereas the average age at diagnosis for male noncar-
riers was 42.3 years (Fig. 2c and Extended Data Fig. 1). Most participants 
in the VA MVP Research Program are male; however, the difference in 
sex ratio did not affect the association with IKKβE502K.

Whereas CLE alone is often isolated to cutaneous involvement, 
SLE can present with a range of clinical and hematological manifes-
tations. To assess whether IKKΒE502K influenced disease severity, we 
compared the frequency of clinical manifestations of SLE, includ-
ing 16 relevant hematological traits available in the DAC, in IKKβE502K 
carriers to noncarriers (Fig. 3a–c). IKKβE502K carriers diagnosed with 
SLE were more likely to also receive a CLE diagnosis than noncarriers 
(OR = 2.3 (1.2; 4.5), P = 0.017; Fig. 3a). Furthermore, IKKβE502K carriers 
were more often diagnosed with glomerular disease (ICD-10 code 
M32.14) than noncarriers (OR = 2.3 (1.2; 4.7), P = 0.017; Fig. 3b), and they 
also had more protein in urine (effect = 0.45 s.d. (0.04; 0.86), P = 0.032; 
Fig. 3c). Among SLE patients, IKKΒE502K carriers had, on average, lower 
leukocyte, lymphocyte and reticulocyte counts than noncarriers, 
indicating more hematological manifestations (Fig. 3c), but with no 
significant difference in other SLE subtypes or secondary diagnoses 
(Supplementary Table 9). These results indicate that SLE patients 
carrying IKKΒE502K have more cutaneous, renal and hematological 
manifestations than noncarriers with SLE.

Although the associations with variants in IKBKB reported here 
are new, previous studies have found variants at the IKBKB locus to 
associate with SLE in populations of other non-European ancestries. A 
meta-analysis on cohorts of people with reported East Asian ancestry 

collected in mainland China, Japan and Korea described a missense 
variant in IKBKB, IKKβR526Q (rs2272736_A) to associate with reduced risk 
of SLE (OR = 0.82, P = 6.4 × 10−11)8. IKKβR526Q is common in the East Asian 
cohort studied (MAF = 10.5%) but effectively absent in populations 
with mainly European or African ancestry (MAF = 0–0.1% in gnomAD).

Variants in the PLAT-IKBKB region have been described to associ-
ate with SLE in a study that included Americans with African ances-
try; however, IKBKB was not identified as a potential causal gene7. 
Using the Immunochip array, Langefeld et al.7 found a stop-gain vari-
ant, rs1804182_A, in the IKBKB-neighboring gene PLAT to associate 
with SLE risk (OR = 1.94, P = 3.5 × 10−8) specifically in the study subset 
defined as African American (MAF = 1.93%, MAFEUR = 0.00%). In the 
current DAC cohort, that variant, rs1804182_A, is associated with SLE 
(OR = 2.8, P = 2.1 × 10−5) and correlated with IKKβE502K (r2 = 0.44). Con-
ditional analysis adjusting for IKKβE502K showed that the association 
between rs1804182_A and SLE is explained completely by IKKβE502K 
(ORadjusted = 0.78, Padjusted = 0.56), showing that IKKβE502K is driving the 
association at the locus.

NFκB signaling is a multistep pathway involved in numerous 
important processes in the immune system and beyond. IKKβ is one 
of three components of the IKK complex, which also includes IKKα 
and IKKγ. Upon activation of the canonical NFκB pathway, the IKK 
complex phosphorylates the inhibitory IκB proteins, leading to their 
ubiquitination and degradation by the proteasome. This allows the 
NFκB transcription factor to translocate to the nucleus and activate 
target gene expression17.

Rare coding-sequence variants in IKBKB have been reported to 
cause severe combined immunodeficiencies (SCID), including immu-
nodeficiency syndromes 15 A and 15B. The presentation of these syn-
dromes includes susceptibility to infection, abnormal lymphocyte 
count and function18,19, and a range of skin manifestations20.

The CLE-associated IKKβE502K variant represents a G>A change in exon 
14 of 24 in the IKBKB gene that leads to a glutamic acid to lysine change 
at a conserved position 502 in a turn near the C-terminal NEMO-binding 
end of the IKKΒ protein21 (Extended Data Fig. 2a) within the annotated 
scaffold dimerization domain (SDD) that is thought not to participate 
in IKKΒ kinase activity22. Variants in the IKKβ kinase domain have been 
associated with SCID18, and variants in the IKKβ ubiquitin-like domain 
have been reported to cause B and T cell functional defects23. However, 
the functional effects of variants in the SDD (Extended Data Fig. 2b) such 
as IKKΒE502K are harder to predict. A case report of another IKKβ-SDD 
domain variant, IKKβT559M, described a gain-of-function effect, with 
increased phosphorylation in IKKβT559M cells24.

IKKβE502K is associated with reduced lymphocyte counts 
(effect = −0.21 s.d., P = 3.1 × 10−5; Supplementary Table 5) but shows  
no significant associations with infectious phenotypes 
(Supplementary Table 10), indicating that IKKΒE502K does not result in 
measurable immunodeficiencies. However, further studies are needed 
to elucidate the impact of variants in the IKKβ-SDD on protein function.

IKKβE502K has a frequency of 1.09% in reference datasets derived 
from people labeled as African American and can be detected in other 
groups reported previously to carry African genomic ancestry25, but 
is effectively absent from people labeled as European or Asian (PAGE 
study/gnomAD; Fig. 4a). The variant has a frequency of 1.0–1.2% in 
the study populations included in the present study. Within the UK 
Biobank, IKKβE502K reaches its highest frequency of 1.7% among people 
born in West and Central Africa (Fig. 4b), consistent with IKKβE502K being 
an African-ancestry-specific variant.

All loci described by Langefeld et al.7 to associate with SLE in the 
subset defined as African American replicated in our study of the DAC 
lupus cohort (Supplementary Table 11). Outside the IKBKB locus, 
reported lupus variants did not exhibit sufficient difference in fre-
quency between ancestry groups to account for the observed differ-
ences in disease prevalence. We estimate the population attributable 
risk of the IKKβE502K variant to be 4.3% for SLE and 8.0% for CLE and, 
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by leveraging reported incidence rates for SLE and CLE in the South-
eastern USA26,27, we estimate that the IKKβE502K variant alone explains 
approximately 6.4% of the observed difference in SLE and 11.0% of 
the difference in CLE incidence rates between people of African and 
European ancestry.

Despite the robustness of the reported associations, this study has 
limitations. All three datasets included in the meta-analysis identified 

CLE and SLE patients using diagnostic codes in clinical records. To 
minimize potentially misdiagnosed cases, a minimum of two separate 
instances of diagnostic codes on file were required for inclusion in the 
discovery cohort. Furthermore, the data available for the replication 
studies were limited to summary statistics. Thus, it was not possible to 
assess potential overlap between the cases included in these studies. 
As the association with the IKKβE502K variant was significant in more 
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than one cohort before meta-analysis, we believe that these limitations 
do not impact the findings. Furthermore, we acknowledge that the 
relatively small number of cases in this study may limit the power to 
detect additional associated variants, and further studies with larger 
case cohorts are needed to uncover the full genetic contribution to 
this disease.

Increasing diversity in genetic studies will increase variant discov-
ery, particularly variants with large effects, which are more likely to be 
population specific28, where IKKβE502K is a striking example. Despite hav-
ing the largest effect of all known non-HLA sequence variants on lupus 
risk, this association was undetectable in previous studies conducted in 
populations of European and East Asian ancestry, as it is found almost 
exclusively in populations with African ancestry, who have the greatest 
diversity of sequence variants29,30. Efforts such as the DAC, All of Us and 
MVP as well as the upcoming Our Future Health Research Program will 
be instrumental in improving our understanding of the genetic land-
scapes in diverse ancestries and their influence on disease.

Our discovery of an ancestry-specific variant that greatly increases 
the risk of lupus in a cohort of Americans with African ancestry high-
lights the importance of expanding GWAS to more populations with 
African ancestry31, and provides a tangible example of what can be 
learned by including hitherto neglected populations in genetic studies.

Online content
Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information, 
acknowledgements, peer review information; details of author contri-
butions and competing interests; and statements of data and code avail-
ability are available at https://doi.org/10.1038/s41588-025-02398-6.

References
1.	 Lewis, M. J. & Jawad, A. S. The effect of ethnicity and genetic 

ancestry on the epidemiology, clinical features and outcome of 
systemic lupus erythematosus. Rheumatology 56, i67–i77  
(2016).

2.	 do Vale, E. C. S. & Garcia, L. C. Cutaneous lupus erythematosus: 
a review of etiopathogenic, clinical, diagnostic and therapeutic 
aspects. Bras. Dermatol. 98, 355–372 (2023).

3.	 Petty, A. J., Floyd, L., Henderson, C. & Nicholas, M. W. Cutaneous 
lupus erythematosus: progress and challenges. Curr. Allergy 
Asthma Rep. 20, 12 (2020).

4.	 Adrienne, K. J., Brandon, W., Linda, S. H. & Benjamin, F. C. Discoid 
lupus erythematosus skin lesion distribution and characteristics 
in Black patients: a retrospective cohort study. Lupus Sci. Med. 8, 
e000514 (2021).

5.	 Izmirly, P. et al. Population-based prevalence and incidence 
estimates of primary discoid lupus erythematosus from the 
Manhattan Lupus Surveillance Program. Lupus Sci. Med. 6, 
e000344 (2019).

6.	 Barnado, A. et al. Phenome-wide association study identifies 
marked increased in burden of comorbidities in African 
Americans with systemic lupus erythematosus. Arthritis Res. Ther. 
20, 69 (2018).

7.	 Langefeld, C. D. et al. Transancestral mapping and genetic  
load in systemic lupus erythematosus. Nat. Commun. 8, 16021 
(2017).

8.	 Yin, X. et al. Meta-analysis of 208370 East Asians identifies 113 
susceptibility loci for systemic lupus erythematosus. Ann. Rheum. 
Dis. 80, 632–640 (2021).

9.	 Kunz, M. et al. Genome-wide association study identifies new 
susceptibility loci for cutaneous lupus erythematosus. Exp. 
Dermatol. 24, 510–515 (2015).

10.	 Järvinen, T. M. et al. Polymorphisms of the ITGAM gene confer 
higher risk of discoid cutaneous than of systemic lupus 
erythematosus. PLoS ONE 5, e14212 (2010).

11.	 Roden, D. M. et al. Development of a large-scale de-identified 
DNA biobank to enable personalized medicine. Clin. Pharmacol. 
Ther. 84, 362–369 (2008).

12.	 Pulley, J., Clayton, E., Bernard, G. R., Roden, D. M. & Masys, D. R. 
Principles of human subjects protections applied in an opt-out, 
de-identified biobank. Clin. Transl. Sci. 3, 42–48 (2010).

13.	 Karczewski, K. J. et al. The mutational constraint spectrum quanti
fied from variation in 141,456 humans. Nature 581, 434–443 (2020).

14.	 Denny, J. C. et al. The ‘All of Us’ Research Program. N. Engl. J. Med. 
381, 668–676 (2019).

15.	 Verma, A. et al. Diversity and scale: genetic architecture of 2068 
traits in the VA Million Veteran Program. Science 385, eadj1182 
(2024).

16.	 Ramírez Sepúlveda, J. I. et al. Sex differences in clinical 
presentation of systemic lupus erythematosus. Biol. Sex. Differ. 
10, 60 (2019).

17.	 Hinz, M. & Scheidereit, C. The IκB kinase complex in NF-κB 
regulation and beyond. EMBO Rep. 15, 46–61 (2014).

18.	 Cardinez, C. et al. Gain-of-function IKBKB mutation causes human 
combined immune deficiency. J. Exp. Med. 215, 2715–2724 (2018).

19.	 Mousallem, T. et al. A nonsense mutation in IKBKB causes 
combined immunodeficiency. Blood 124, 2046–2050 (2014).

20.	 Shen, Y., Boulton, A. P. R., Yellon, R. L. & Cook, M. C. Skin 
manifestations of inborn errors of NF-κB. Front. Pediatr. 10, 
1098426 (2023).

21.	 Liu, S. et al. Crystal structure of a human IκB kinase β asymmetric 
dimer. J. Biol. Chem. 288, 22758–22767 (2013).

22.	 Kwak, Y. T., Guo, J., Shen, J. & Gaynor, R. B. Analysis of domains 
in the IKKalpha and IKKbeta proteins that regulate their kinase 
activity. J. Biol. Chem. 275, 14752–14759 (2000).

23.	 Qin, T. et al. A novel homozygous mutation destabilizes IKKβ and 
leads to human combined immunodeficiency. Front. Immunol. 11, 
517544 (2020).

24.	 Sacco, K. et al. A heterozygous gain-of-function variant in IKBKB 
associated with autoimmunity and autoinflammation. J. Clin. 
Immunol. 43, 512–520 (2023).

25.	 Conomos, M. P. et al. Genetic diversity and association studies 
in US Hispanic/Latino populations: applications in the Hispanic 
Community Health Study/Study of Latinos. Am. J. Hum. Genet. 98, 
165–184 (2016).

26.	 Drenkard, C. et al. Racial disparities in the incidence of primary 
chronic cutaneous lupus erythematosus in the southeastern US: 
the Georgia Lupus Registry. Arthritis Care Res. 71, 95–103 (2019).

27.	 Lim, S. S. et al. The incidence and prevalence of systemic lupus 
erythematosus, 2002–2004: the Georgia Lupus Registry. Arthritis 
Rheumatol. 66, 357–368 (2014).

28.	 Wojcik, G. L. et al. Genetic analyses of diverse populations 
improves discovery for complex traits. Nature 570, 514–518 (2019).

29.	 Auton, A. et al. A global reference for human genetic variation. 
Nature 526, 68–74 (2015).

30.	 Pereira, L., Mutesa, L., Tindana, P. & Ramsay, M. African genetic 
diversity and adaptation inform a precision medicine agenda. Nat. 
Rev. Genet. 22, 284–306 (2021).

31.	 Bentley, A. R., Callier, S. L. & Rotimi, C. N. Evaluating the promise 
of inclusion of African ancestry populations in genomics. npj 
Genom. Med. 5, 5 (2020).

Publisher’s note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons 
Attribution-NonCommercial-NoDerivatives 4.0 International License, 
which permits any non-commercial use, sharing, distribution and 
reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the 

http://www.nature.com/naturegenetics
https://doi.org/10.1038/s41588-025-02398-6


Nature Genetics | Volume 57 | December 2025 | 2980–2986 2986

Letter https://doi.org/10.1038/s41588-025-02398-6

Creative Commons licence, and indicate if you modified the licensed 
material. You do not have permission under this licence to share 
adapted material derived from this article or parts of it. The images 
or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit 
line to the material. If material is not included in the article’s Creative 

Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain 
permission directly from the copyright holder. To view a copy of this 
licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.

© The Author(s) 2025

http://www.nature.com/naturegenetics
http://creativecommons.org/licenses/by-nc-nd/4.0/


Nature Genetics

Letter https://doi.org/10.1038/s41588-025-02398-6

Methods
Ethics
The research conducted using the dataset generated by the AGD 
was approved by the Institutional Review Board (IRB) of VUMC. Data 
included from the VA MVP and the All of Us Research Program were 
limited to summary statistics. We confirm that our research complies 
with all relevant regulations regarding the use of data from human 
participants and was conducted in accordance with the criteria set by 
the Declaration of Helsinki. Participants received no compensation.

Cohort description
Nashville Biosciences (NashBio) is a data and analytics provider 
wholly owned by VUMC. NashBio harnesses the extensive genomic 
and bioinformatics resources of VUMC, including its biobank collec-
tion BioVU. BioVU includes a collection of deidentified DNA samples 
that are linked to deidentified version of the VUMC’s electronic health 
records, referred to as the Synthetic Derivative (SD) database. The SD 
contains longitudinal clinical data from more than 3.6 million patients 
cared for at the VUMC’s hospitals and primary-care clinics since 2001. 
Germline DNA samples from more than 307,000 patients have been 
collected and, thereof, 250,000 samples were selected for WGS under 
the AGD, which is a collaboration between NashBio/VUMC and Illumina 
on one hand, and eight pharmaceutical companies (including Amgen/
deCODE) on the other. The aim of the AGD is to accelerate development 
of therapeutics through large-scale genomics and to establish a preemi-
nent clinical genomic resource for diverse ancestries. The DAC included 
in this study is a subset of the BioVU cohort, consisting of 35,080 WGS 
people of diverse ancestries, primarily African ancestry. We further 
restricted our study sample set to 27,871 study participants that we 
assessed as carrying African genomic ancestry by analyzing their geno-
types with supervised ADMIXTURE (v.1.23)32 using the 1000G (1000 
Genomes) populations CEU (Utah Caucasian), CHB (Beijing Han), ITU 
(Indian Telugu), PEL (Peruvian) and YRI (Nigerian Yoruba) as training 
samples33. We included people who were modeled by ADMIXTURE as 
either (1) carrying >90% YRI-like ancestry or (2) carrying >30% YRI-like 
ancestry, >2% CEU-like ancestry and YRI-like plus CEU-like ancestry 
proportions summing to >90% (Supplementary Fig. 2). Both inhouse 
and previously published analyses of human diversity datasets such 
as Human Origins34 indicate that this filtering enriches for genomes 
similar to those carried by reference dataset samples labeled as African 
American (for example, 1000G ‘African Ancestry in Southwest USA’) or 
Afro-Caribbean (for example, 1000G ‘African Caribbean in Barbados’) 
as well as those of West African origin (for example, 1000G ‘Yoruba 
in Ibadan, Nigeria’) whose genomic ancestry is related to the African 
genomic ancestry in African Americans and Afro-Caribbeans. We note 
that our subset was defined solely on the basis of genomic ancestry.

All participants consented to their residual samples from routine 
clinical testing and data being contributed to BioVU. BioVU extracts 
and banks germline DNA samples that are deidentified and linked to 
the SD only through a randomly assigned unique identifier, not back to 
the patient or their underlying medical record. The use of BioVU is clas-
sified as nonhuman subject research by VUMC’s IRB, and the research 
conducted using the dataset generated by the AGD was approved by 
VUMC’s IRB. The overall biobanking program is reviewed annually 
by the IRB to maintain this determination and make decisions about 
patient protections, privacy and ethical issues. Each individual study 
seeking to use the SD database and BioVU biobank is filed with VUMC’s 
IRB to maintain this nonhuman subject determination and appropriate 
use of the data. NashBio takes steps to protect client confidentiality 
during this submission.

For association analyses, CLE cases were defined as those with two 
or more instances of the ICD-10 code L93.0 or any subcode, or ICD-9 
695.4 recorded. SLE cases were defined as those with two or more 
instances of the ICD-10 code M32 or subcode, or ICD-9 710.0 recorded. 
Average year of birth for the CLE cases was 1975, and 89.6% were female. 

Average year of birth for the SLE cases was 1972, and 90.2% were female. 
People with a record of the following ICD-10 codes (or corresponding 
ICD-9) and subcodes were excluded from the control population: L93, 
M03, M05, M30, M32 and M36.

Whole-genome sequencing
DNA samples. DNA samples from NashBio were received on dry-ice in 
two-dimensional barcoded Matrix tubes (Thermo Scientific) in 96-well 
racks in a volume of 70 µl and a target concentration of >20 ng µl−1. 
Samples and plates were registered in our inhouse database and stored 
at −20 °C in an automated Hamilton Verso freezer until use. Samples 
were measured for absolute concentration using the DropSense 96/
LabChip DS method for ultraviolet–visible spectrophotometry analysis 
of small droplets. Samples were diluted as needed and transferred to 
96-well PCR plates in a volume of 25 µl at a concentration of 20 ng µl−1 
(500 ng) for generating sequencing libraries.

Sample preparation. Sequencing libraries were generated using the 
Illumina DNA PCR-free method from Illumina with an input of 500 ng 
per sample (https://www.illumina.com/products/by-type/sequencing- 
kits/library-prep-kits/dna-pcr-free-prep.html). This method is based 
on ‘tagmentation’ of gDNA, which involves using Illumina’s bead-linked 
transposome technology for DNA fragmentation, library preparation 
and library normalization (https://www.illumina.com/techniques/ 
sequencing/ngs-library-prep/tagmentation.html). The procedure was 
performed using a fully automated workflow on the Hamilton NGS 
STAR with the employment of a 96-well head and an on-board thermal 
cycler with a total run time of 1.5 h per 96-well sample plate. Samples 
were indexed using the DNA UD dual index adapter sets A, B, C or D 
from Illumina. Quality (concentration and insert size) of sequencing 
libraries was determined using the LabChip GX (96-samples) instru-
ment (Perkin Elmer).

Sequencing libraries were pooled appropriately using Hamilton 
STARlet liquid handlers. Paired-end sequencing on the S4 flowcell 
(v.1.5 chemistry) was performed with a read length of 2 × 151 cycles of 
incorporation and imaging, in addition to 2 × 10 index cycles. Real-time 
analysis involved conversion of image data to base-calling in real time. 
Run quality control monitoring involved the use of flowcells and/or 
flowcell lanes that exceeded the quality threshold of %Q30 ≥ 85%. All 
steps in the workflow were monitored using an inhouse laboratory 
information management system with barcode tracking of all samples, 
plates and reagents.

Duplicated samples were discarded based on sequencing yield, 
and only samples with a genome-wide average coverage of 20× and 
higher were included, resulting in 34,427 samples. The average 
genome-wide sequencing coverage was 33.9× (s.d. 3.5; min, 28.7×; max, 
66.4×), and joint variant calling was performed using GraphTyper35 
(v.2.7.5). All variants tested had sequencing information over 0.8. 
Variant Effect Predictor36 was used to assign predicted consequences 
to the sequenced variants.

Association analysis
We used logistic regression to test for association between sequence 
variants and binary traits, regressing trait status against expected 
genotype count. We adjusted for sex, age (first and second order 
terms) and sequencing batch by including these variables in the logis-
tic regression model. Furthermore, associations were adjusted for 
population structure using the top seven principal components (PCs) 
calculated by bigsnpr37. For PC calculation, we included variants with 
MAF > 0.5% LD-pruned by PLINK38–indep-pairwise 60000 6000 0.4, 
and samples without third-degree or closer relatives according to 
KING39 –ibdseg, using bigsnpr’s OADP-projected coordinates for 
samples with relatives. To better account for ancestral diversity, all 
samples regardless of assigned YRI-like ancestry proportion were 
used to calculate PCs.
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The 92 quantitative traits available in the DAC dataset were 
rank-based inverse normal transformed to a standard normal distribu-
tion for each sex and adjusted for age using a generalized additive model. 
We used a linear mixed regression model implemented in BOLT-LMM40 
to test for association between sequence variants and quantitative traits.

To account for multiple testing, we used a weighted Bonferroni 
adjustment using as weights the enrichment of variant classes with 
predicted functional impact among association signals41. This yielded 
significance thresholds of 8.0 × 10−8 for loss-of-function variants, 
1.6 × 10−8 for moderate-impact variants, 4.9 × 10−9 for low-impact vari-
ants, 7.2 × 10−10 for other variants within DHS sites and 2.4 × 10−10 for 
remaining variants.

Population attributable risk
We estimated the population attributable risk of the IKKβE520K variant 
for SLE/CLE as PAR = f(OR − 1)/(1 + f(OR − 1)), where f = 0.020 is the car-
rier frequency in the control group and OR is the estimated OR from 
the association between IKKβE520K and SLE/CLE. We estimate the con-
tribution of IKKβE520K to the difference in SLE/CLE incidence rates (IR) 
between people of African and European ancestry as, IR1PAR/(IR1 − IR2), 
where IR1 are reported incidence rates for people of African ancestry 
and IR2 are reported incidence rates for people of European ancestry. 
For SLE, we used IR1 = 10.9 and IR2 = 3.6 (ref. 27), and for CLE, we used 
IR1 = 6.2 and IR2 = 1.7 (ref. 26).

Replication analysis
Replication of the detected association was attempted on the following 
independent datasets that include Americans with African ancestry 
collected in the USA.

The All of Us research program. The All of Us research program14 
(https://allofus.nih.gov/) is a nationwide research initiative in the USA 
aiming to collect and study data from people of varied ancestries. Rep-
lication of the association of IKKβE502K with CLE (phecode 695.4) and SLE 
(phecode 695.42) was performed at the University of Iceland BioMedi-
cal Center at the laboratory of E. Steingrimsson and colleagues who 
have controlled tier access to data from the All of Us research program 
as part of their approved study with the project title: ‘A multi-ancestry 
analysis of the genetic architecture of complex diseases.’

The VA MVP. The MVP (https://www.research.va.gov/MVP/research.
cfm), from the US Department of Veteran Affairs, is one of the largest 
biobanks in the USA where people with diverse ancestries have system-
atically been included. The MVP has used electronic health records 
to create a large collection of binary and quantitative phenotypes 
that have been tested with genetic markers to generate genome-wide 
associations for vast lists of phenotypes in groups of people of previ-
ously understudied ancestries (genetically similar to African, Admixed 
American and East Asian reference populations). Following the publica-
tion of a study by Verma et al.15 on the diversity and scale of the VA MVP, 
the summary statistics for a large set of markers and phenotypes within 
those populations have been made available via dbGAP (accession 
number phs002453). The summary statistics for the association of the 
IKKβE502K variant with CLE (phecode 695.4) and SLE (phecode 695.42) 
were downloaded and included in the meta-analysis.

Meta-analysis. We used a fixed-effects inverse variance method42 
based on effect estimates and s.e. from the DAC, the All of Us study and 
the VA MVP research program (see above) to meta-analyze the three 
cohorts together (see Aegisdottir et al.43 for more information on the 
applied methodology).

Variant frequency map
Data from the UK Biobank were utilized to create a frequency map 
(Fig. 4). UK Biobank participants were first grouped by birth country. 

We then defined regional ancestry groups with the aims that they be 
representative of the region’s current population, be homogeneous by 
genetic ancestry, and have at least 200 people (for accurate estimation 
of variant frequencies).

We assessed the current genetic ancestry profiles of regions by: 
comparing our ancestry analyses44 to inhouse and published results of 
human genome diversity datasets such as Human Origins34 and HGDP45; 
comparing genetic ancestry results across neighboring countries; 
surveying country demographics through resources such as The World 
Factbook46; and examining participants’ self-reported ethnicity infor-
mation and UK census data47 to determine the extent to which people 
who migrated to the UK were representative of the source countries’ 
current demographic composition.

In some cases, we split off ancestry-based groupings represent-
ing distinct populations or unrepresentative migrant communities 
(for example ‘South Asian ancestry born in Africa and West Asia’) to 
achieve homogeneous birthplace-based groupings. Groups depicted 
on map figures are those best representing the current demographic 
majority. If countries had fewer than 200 participant birthplaces, we 
merged them with neighboring countries with similar assessed ances-
try profiles. Map geometries were obtained via R package maps48 and 
manipulated with sf49.

Reporting summary
Further information on research design is available in the Nature 
Portfolio Reporting Summary linked to this article.

Data availability
The GWAS summary statistics are available at https://www.decode.
com/summarydata/. This study used data from the All of Us Research 
Program’s Controlled Tier Dataset v.7, available to authorized 
users on the Researcher Workbench as well as summary statistics 
from the VA MVP available through dbGAP (accession number 
phs002453). The UK Biobank data were downloaded under appli-
cation no. 56270. Individual-level genomic and phenotypic data 
from the UK Biobank are available to researchers upon application  
(https://ukbiobank.ac.uk).

Code availability
We used publicly available software together with software/methods 
developed at deCODE genetics as described in Methods. The pub-
licly available software are: R, v.3.6.0 to analyze data and create plots; 
Graphtyper v.2, https://github.com/DecodeGenetics/graphtyper; 
Variant Effect Predictor (release 100), https://github.com/Ensembl/
ensembl-vep; IMPUTE2 v.2.3.1, https://mathgen.stats.ox.ac.uk/impute/ 
impute_v2.html; BOLT-LMM v.2.1, http://www.hsph.harvard.edu/alkes- 
price/software/ and ADMIXTURE v.1.23, https://dalexander.github.io/ 
admixture/.
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Extended Data Fig. 1 | Carriers of IKKBE520K are younger at SLE or CLE diagnosis 
than non-carriers. a, Carriers of IKKBE502K are younger at CLE diagnosis than 
non-carriers (n = 211). b,c, Age at diagnosis of CLE in male carriers (b) or 
female carriers (c) vs. male or female non-carriers, respectively (nmale = 22 and 
nfemale = 189). d, Carriers of IKKBE502K are younger at SLE diagnosis than non-

carriers (n = 610). e,f, Age at diagnosis of SLE in male carriers (e) or female carriers 
(f) vs. male or female non-carriers, respectively (nmale = 62 and nfemale = 548). A 
linear regression was performed to test for the effect of carrier status on age at 
diagnosis, and the two-sided P-values were obtained from a likelihood ratio test. 
*P < 0.05; **P < 0.01; ***P < 0.001.
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Extended Data Fig. 2 | Position of the IKKBE502K variant in the IKKB protein. 
 a, Position of the amino acid affected by the IKKBE502K variant in the crystal 
structure of the human IKKB kinase asymmetric dimer as published by  
Liu et al.21. Position 502 is highlighted in light green. b, Predicted IKKB domains 

from the Uniprot.org feature-viewer with the positions of known variants 
indicated. Position of IKKBE502K (rs115698972-A, this study) in the SDD is indicated 
to the far right. EA, East Asian; AA, African American.
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