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Abstract

Systemic lupus erythematosus (SLE) is a heterogeneous autoimmune disease with a strong genetic
component characterized by autoantibody production and a type | interferon signaturel. Here we
report a missense variant (g.74779296G>A; p.Arg90His) in NCF1, encoding the p47Pho% subunit
of the phagocyte NADPH oxidase (NOX2), as the putative underlying causal variant that drives a
strong SLE-associated signal detected by the Immunochip in the GTF2IRD1-GTF2/ region at
7011.23 with a complex genomic structure. We show that the p.Arg90His substitution, which is
reported to cause reduced reactive oxygen species (ROS) production?, predisposes to SLE (odds
ratio (OR)=3.47 in Asians (Pmeta=3.1x107104), OR=2.61 in European Americans, OR=2.02 in
African Americans) and other autoimmune diseases, including primary Sjégren’s syndrome
(OR=2.45 in Chinese, OR=2.35 in European Americans) and rheumatoid arthritis (OR=1.65 in
Koreans). Additionally, decreased and increased copy numbers of NCF1 predispose to and protect
against SLE, respectively. Our data highlight the pathogenic role of reduced NOX2-derived ROS
levels in autoimmune diseases.

Dozens of SLE-associated loci have been identified by genome-wide association studies
(GWAS) and included on the ImmunoChip for fine-mapping®4. Using the ImmunoChip, we
genotyped DNA samples from SLE cases and healthy controls from Chinese, European-
American and African-American ancestry groups. In Chinese, the strongest association
signal was detected at rs73366469 (minor allele frequency of 28.7% in cases versus 12.6%
in controls, P=3.8x10729, OR=2.88) within the GTF2/RD1-GTF2lintergenic region at
7011.23 rather than SLE-associated GWAS loci (Fig.1a), consistent with another Asian
Immunochip study®. This association was confirmed in European Americans at a modest
significance level (P=7.5x1073, OR=1.32), but not in African Americans (Supplementary
Table 1).
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Because rs73366469 has no strong functional implication (RegulomeDB score = 5) and is
not in linkage disequilibrium (LD; r2<0.04) with any Immunochip SNP, we hypothesized
that the underlying causal variant(s) were not on the Immunochip and were in strong,
modest and weak LD with rs73366469 in Chinese, European Americans and African
Americans, respectively. In the 1000 Genomes Project data set, we found two non-
Immunochip SNPs (rs117026326 and rs12667901) that were in stronger LD with
rs73366469 in Asians than in Europeans and Africans (Fig.1 and Supplementary Table 2). In
a subset of Chinese and European-American subjects genotyped using the ImmunoChip
(Chinese-1 and EurAm-1) and independent replication data sets (Chinese-2 and EurAm-2),
rs117026326, located in intron 9 of GTF2/, exhibited stronger association with SLE

(Preta Chinese=4.4%107%0, OR=2.94: P otz curan=1.2%x1074 OR=2.83, Supplementary Table
3 and 4) than rs73366469 and rs12667901, and conditioning on rs117026326 rather than
rs73366469 or rs12667901 eliminated association signals for the other two SNPs, suggesting
that association of rs73366469 with SLE might be attributed to rs117026326. However,
rs117026326 was nearly non-polymorphic in African Americans and was not associated
with SLE (Supplementary Table 5), which explained the lack of association between
rs73366469 and SLE in African Americans.

Located 62kb from rs117026326 is NCFI (neutrophil cytosolic factor 1), encoding the
regulatory p47P"X sybunit necessary for activation of the phagocytic NOX2 complexl,
which is likely an SLE-related gene because nonfunctional NOX2 exacerbates lupus features
in lupus-prone MRL.Fas®" mice and induces lupus-like type I interferon signature,
autoantibody production and immune complex deposition in kidneys of BALB/c. Ncf1™L/
mice®7; NCF2, encoding another NOX2 regulatory subunit, p67Ph°%, harbors the missense
variant p.His389GIn that is associated with SLE risk in European Americans8. However,
rs117026326 genotype was not associated with the transcript levels of NCFI or other two
neighboring genes, GTF2/ and GTF2/RD1, in the peripheral blood mononuclear cells
(PBMC:s) of patients with SLE and healthy controls (Supplementary Fig. 1). Notably, the
NCFI1 region is barely covered by variants in the 1000 Genomes Project phase 1 data set
(Fig.1a), probably because NCF1 has 98% sequence identity with the nonfunctional
pseudogenes NCF1Band NCFICat 7q11.23 that are located within large DNA
duplications® (Fig.1b and 2a). The strong association of rs117026326 with SLE and
functional implication of NCF1 led us to further hypothesize that rs117026326 might tag
causal variant(s) of NCFI not present in the 1000 Genomes Project.

The GTGT sequence within exon 2 of NCF1 is a well-characterized variant that
distinguishes this gene from NCF1B and NCFIC, which contain a GT deletion (AGT)10
(Fig.2b). However, reciprocal crossover results in the presence of GTGT-containing NCF1B
and NCF1C and AGT-containing NCF11112 (Fig.3a). To obtain the correct genotypes for
NCF1 variants, we specifically amplified the NCF1 sequence using PCR targeting GTGT
Supplementary Fig.2) and measured the AGT/GTGT ratio by real-time PCR to exclude
subjects carrying GTGT-containing NCF1B and NCF1C (3:3 or 2:4 ratios) or AGT-
containing NCFI (5:1 ratio) (Fig.3b and c). Using this approach followed by Sanger
sequencing, we resequenced the entire 15.5-kb NVCFI region in 45 Chinese subjects and
identified 67 SNPs (Supplementary Table 6). Of these SNPs, only two encoding p.Arg90His
(rs201802880) and p.Ser99Gly (rs17295741) in exon 4 and two intronic SNPs (intronic-1
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(without a dbSNP id) and intronic-2 (rs199789198)) of NCF1 showed r2>0.1 with
rs117026326. We hypothesized that at least one of these four NCFZ SNPs was the causal
variant tagged by rs117026326 in Chinese and shared by European and African Americans
and that the causal SNP(s) might be located by leveraging the different LD patterns in these
ancestry groups.

LD analysis in African Americans suggested that either p.Arg90His or p.Ser99Gly might be
the causal variant because intronic-1 and intronic-2 were in complete LD with non-
polymorphic rs117026326 (Fig.1c). To confirm this, we assessed these four variants, by
performing nested PCR and Tagman assays and measuring the AGT/GTGT ratio, for
association with SLE in African Americans. Of the variants, only p.Arg90His was associated
with SLE (15.7% versus 8.3%, P=2.9x107°, OR=2.02, Table 1 and Supplementary Table 5).
As expected, intronic-1 and intronic-2 were nearly non-polymorphic and were not associated
with SLE in African Americans, suggesting that they might not be the causal variant shared
by different ancestry groups, and they were excluded in subsequent analyses.

Next, we assessed p.Arg90His and p.Ser99Gly for association with SLE in Asians and
European Americans. In two Chinese and one Korean data set, p.Arg90His exhibited
stronger association with SLE (Chinese-1: 38.1% versus 15.6%, P=2.6x10723, OR=3.35;
Chinese-2: 41.6% versus 16.7%, P=1.5x10741, OR=3.27; Korean: 46.6% versus 18.1%,
P=2.6x10"%3, OR=3.82; Preta-Asian=3.1x107194 OR=3.47, Table 1 and Supplementary
Table 3) than p.Ser99Gly, and conditioning on p.Arg90His eliminated association signals
detected at p.Ser99Glyand the GTF2IRDI-GTF2/ region. In two European-Americandata
sets, p.Arg90His consistently showed stronger association with SLE (EurAm-1: 5.5% versus
2.1%, P=9.5x107°, OR=2.83; EurAm-2: 6.0% versus 2.4%, P=5.0x1074, OR=2.42;
Preta-Euram=1.9x107, OR=2.61, Table 1 and Supplementary Table 4) than p.Ser99Glyand
explained association signals at p.Ser99Gly and the GTF2IRDI-GTF2/ region in a
conditional test. Furthermore, the allele encoding p.Arg90Hiswas dose dependently
associated with early age of onset in Korean and European-American patients with SLE
(Supplementary Fig.3). These data support p.Arg90His as a likely causal variant for SLE
susceptibility shared across Asian, European-American and African-American populations
within the GTF2IRD1-GTF2I-NCF1 region.

In addition to SLE, p.Arg90His was associated with other autoimmune diseases, including
primary Sjogren’s syndrome ([MIM 270150]) in Chinese (37.8% versus 18.3%,
P=7.2x10"17, OR=2.45) and European Americans (4.8% versus 2.2%, P=9.7x1074,
OR=2.35) (Table 1 and Supplementary Table 7), which explained the reported association of
rs117026326 with Sjégren’s syndrome in Chinesel3, and seropositive rheumatoid arthritis
(IMIM 180300]) in Koreans (26.6% versus 18.1%, P=2.5x1078, OR=1.65, Table 1 and
Supplementary Table 8) but with a modest effect size.

Arg90 of p47PhoX |ocated in a phosphoinositide-binding pocket of the PX domain, has a
crucial role in the membrane translocation of cytosolic p47P"°X and resultant activation of
NOX2 for ROS production4. The substitution of evolutionarily conserved Arg90 with a
histidine residue encoded by the SLE risk allele was predicted to be deleterious
(Supplementary Fig.4), a prediction that is supported by /n7 vitro mutation studies indicating
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that changing Arg90 to histindine, or lysine, leucine or alaninel4-16, reduces ROS
production.l These data suggested that p.Arg90His might confer risk for SLE by reducing
NOX2-derived ROS levels. Consistent with this idea, the SLE risk allele encoding
p.His389GIn in p67PNo% causes reduced ROS production in transfection assay8. However,
p.Arg90Hiswas not associated with intracellular ROS levels in neutrophils from controls
(Supplementary Fig.5), probably because of the impact of mitochondrial ROSY’.

The GTGT to AGT mutation in NCF1 (rs273585651) leads to a frameshift and a premature
stop codon at residue 51 (Fig. 2b)1L. Because of an absence of functional p47Ph°% and failure
of ROS production, homozygous carriers of AGT in NCF1 develop a rare disease, chronic
granulomatous disease (CGD), and have increased risk of developing SLE (Fig. 3a)’.
NCF1Band NCF1C are transcribed but do not produce functional protein because they
contain AGT10. However, GTGT-containing NCF1B and NCFIC are believed to produce
intact p47P"%X similar to functional NCFI, although this has not yet been experimentally
validated!2. Analyzing the AGT/GTGT ratio allowed us to assess copy number variation
(CNV) in NCF1. One copy of NCF1 (5:1 ratio) was associated with increased risk of SLE in
Koreans (P=0.032), Chinese (P=0.011) and European Americans (P=5.9x104, OR=3.91,
Supplementary Table 9). In contrast, having =3 copies of NCFI (3:3 and 2:4 ratios) was
protective against developing SLE in Koreans (P=3.7x1075), Chinese (P=2.8x1073,
OR=0.28), European Americans (~P=0.038, OR=0.85) and African Americans (~P=0.018,
OR=0.73). This data support the notion that reduced ROS production is a risk factor for
SLE. Association between CNV of NCFI and Sjégren’s syndrome was not detected in
European Americans, probably owing to the limited sample size.

ROS can be a double-edged sword in autoimmunity. High levels of ROS, predominantly
produced by NOX2 in phagocytes for host defense, may lead to inflammatory tissue
damage, but ROS are also signaling molecules regulating T cell differentiation, B cell
proliferation and antigen processing in dendritic cells'8. Our findings suggest that reduced
NOX2-derived ROS production increases the risk of developing autoimmune diseases,
consistent with previous reports?:6-8, but the underlying mechanism remains elusive. Of
interest, NOX2-derived ROS are required for LC3-associated phagocytosis!® and
nonfunctional NOX2 causes defective clearance of dying cells and lupus-like phenotypes?°,
providing a possible explanation for the pathogenic role of reduced ROS level in SLE.

Of note, NCF1 variants have not been correctly called in studies using short sequence reads,
such as the 1000 Genomes Project (Supplementary Fig.6) and the Exome Aggregation
Consortium, owing to the presence of NCF1B and NCF1C. Consequently, we would like to
emphasize that NCFI variants need to be assessed with great caution to exclude the impact
of NCF1B and NCFI1C. In this study, we identified p.Arg90His by NCFI-specific PCR and
Sanger sequencing. However, because of the complexity of this region and the difficulty of
long-range PCR, we only resequenced N/CFI in Chinese subjects, and potential causal
variants within the NCFI-neighboring region or specific for European and African
Americans might not have been discovered. Given that most lupus-associated variants show
OR<2 in GWAS?1, the chance of finding a causal variant within the noncoding region of
NCFI that can explain the association of p.Arg90His with SLE (OR>3 in Asians and >2 in
European and African Americans) is small. Although we cannot exclude the possibility of
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additional causal NCF1 variants, their association with SLE should be independent from that
of PARGI0HIS.

In summary, we identify a p.Arg90His substitution encoded in NCF1 as a novel risk variant
for SLE, Sjogren’s syndrome and rheumatoid arthritis, and we show that decreased and
increased copy numbers of NCFI predispose to and protect against SLE, respectively. Our
data highlight the pathogenic role of reduced ROS production in autoimmune diseases and
indicate the presence of missing heritability within complex genomic regions.

Data Availability

Sequencing data and summary-level association data are shown in Supplementary Tables 1
and 3-9. Raw TagMan data for p.Arg90His are shown as Supplementary Data.

Online Methods

Subjects

Discovery stage—~Patients with SLE and healthy controls in the discovery stage were
recruited from the University of California Los Angeles (UCLA), the Oklahoma medical
research foundation (OMRF) and the Medical University of South Carolina (MUSC). All
patients with SLE met at least 4 of the 11 American College of Rheumatology (ACR)
criteria for the classification of SLE22, The final data set after quality control comprised
subjects from three different ancestry groups, including Chinese (1010 cases and 848
controls recruited from UCLA), African Americans (532 cases and 367 controls recruited
from OMRF and MUSC) and European Americans (930 cases and 1107 controls recruited
from UCLA and OMREF). All these samples were genotyped using the Immunochip, and we
estimated that there was power of >90% to identify an SLE-associated variant with
MAF>10% and OR>2.0 at the GWAS significance level of A<5x1078 in Chinese and
European Americans. Of the subjects, all African Americans and a subset of the Chinese
(441 cases and 589 controls; dataset Chinese-1] and European Americans (716 cases and
578 controls; dataset EurAm-1) subjects were genotyped using Tagman assays for SNPs not
included on the Immunochip.

Replication stage—To replicate the result in data set Chinese-1, an independent cohort
comprising 746 Chinese SLE cases and 1034 Chinese healthy controls (data set Chinese-2)
was recruited from Shanghai Renji Hospital. In addition, another Asian replication cohort
comprising 614 Korean SLE cases and 692 healthy Korean controls was recruited from the
Hanyang University Hospital for Rheumatic Diseases (HUHRD). To replicate the result in
data set EurAm-1, an independent European-American cohort comprising 875 SLE cases
and 540 healthy controls (data set EurAm-2) were recruited from UCLA, MUSC and
OMRF.

To assess p.Arg90His and p.Ser99Gly for association with other autoimmune diseases, 863
Korean patients with rheumatoid arthritis were recruited from HUHRD. All patients with
rheumatoid arthritis were positive for antibodies to anticitrullinated peptide and fulfilled the
ACR 1987 revised criteria for the classification of RA23, In addition, 382 European-
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American patients with primary Sjégren’s syndrome, described in a previous GWAS24, were
recruited from OMRF, and 449 Chinese patients with Sjogren’s syndrome and 469 healthy
Chinese controls were recruited from Peking University People’s Hospital. All patients with
Sjogren’s syndrome fulfilled the American-European Consensus Group (AECG) criteria for
primary Sjégren’s syndrome?>.

To measure the AGT/GTGT ratio, additional Chinese (198 patients with SLE and 471
controls recruited from the First Affiliated Hospital of Nanjing Medical University), African
Ameericans (184 patients with SLE and 39 controls) and Koreans (215 patients with SLE
and 90 controls) were used, but these subjects were not genotyped for SNPs.

Each participating institution had institutional review board (IRB) approval to recruit
subjects. All subjects provided written informed consent.

Immunochip genotyping and quality control

Samples in the discovery stage were genotyped using the Immunochip according to
Illumina’s protocols at the University of Texas Southwestern Medical Center, HudsonAlpha
or OMREF, and all samples were reclustered for genotype calling as a single project at
OMRF.

We excluded SNPs with a call rate <95% in cases or controls and removed samples with a
SNP call rate <90%. SNPs were also excluded if they showed deviation from Hardy-
Weinberg equilibrium (HWE) (Ay\we<0.001 in controls, Aqwe<0.00001 in cases) or they
had significant different call rates in cases and controls (call rate<98% and £<0.05). On the
basis of the remaining SNPs, we identified related samples (shared identity by descent
[PI_HAT] > 0.25, estimated using PLINK v1.07) and samples showing mismatch between
the reported and estimated sex and excluded them from subsequent analyses. To identify
ancestry outliers, the remaining samples were assessed by principal-component analysis
(implemented in EIGENSOFT 4.2) based on 7,500 randomly selected autosomal SNPs with
MAF>1%, low LD (r2<0.1 with each other) and no evidence of association with SLE
(P>0.01), and the 1000 Genomes Project samples were used as reference populations
(including 286 Asians [97 CHB, 100 CHS, 89 JPT], 379 Europeans [85 CEU, 98 TSI, 89
GBR, 93 FIN, 14 I1BS] and 246 Africans [88 YRI, 61 ASW, 97 LWK]) (Supplementary Fig.
7). Outliers of each ancestry (>6 s.d. from the mean principal component) were excluded.
Principal components showing significant difference between cases and controls were
included as covariates in the association test.

The Korean samples were analyzed in an independent Immunochip study and a GWAS
study®28. Principal components for the Korean samples were obtained from these two
studies.

NCF1-specific PCR for DNA sequencing

To identify NCF1 variant(s) tagged by rs117026326, a total of 45 Chinese subjects,
including 23 homozygous for the risk allele and 22 homozygos for the non-risk allele at
rs117026326, were selected for sequencing. Among these subjects, there was probability of
90% and 64% of discovering NCF1 variants with MAF of 5% and 1%, respectively. To
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distinguish NCFI1 from NCF1Band NCF1C, we confirmed that all 45 subjects showed a 4:2
ratio of AGT/GTGT and amplified NCFI-specific DNA sequence by three PCR reactions
(Supplementary Fig.2) using the LongRange PCR Kit (206402, QIAGEN). The PCR
reactions contained 200nM of each primer, 600uM dNTP, 2.75mM Mg?*, 1X buffer and 1U
Taq polymerase. PCR reactions were run on the SimpliAmp thermal cycler (Thermo Fisher
Scientific) with the following condition: 3 min at 93°C followed by 50 cycles of 15 s at
93°C, 1 min at 62°C and 7 min at 68 °C. PCR products were sequenced on the 3730xI DNA
Analyzer (Thermo Fisher Scientific). Primers are shown in Supplementary Table 10.

NCF1-specific PCR and Tagman genotyping

rs117026326, rs73366469 and rs12667901 were directly genotyped using TagMan assays
(Thermo Fisher Scientific). Because of the presence of NCF1Band NCFIC, genotypes of
p.Arg90His, p.Ser99Gly, intronic-1 and intronic-2 in NCFI were obtained by nested PCR
and TagMan assays. We first PCR amplified an NCFI-specific fragment by targeting the
GTGT sequence in exon 2 of NCF1 (P2 or P2*, as shown in Supplementary Fig.2), and each
PCR fragment was subjected to agarose gel electrophoresis to assess the quality of specific
amplification. Next, 1pl of the PCR fragment diluted 1:10,000 was used as the template in a
TagMan assay for SNP genotyping. Samples that failed in the first PCR reaction were
removed from TagMan analysis. Tagman assays were run on either ABI 7900HT or the
QuantStudio™ 6 Flex RT-PCR System (Thermo Fisher Scientific). DNA sequences for
TagMan assays are shown in Supplementary Table 11. Raw TagMan data of PARG90HIS
are shown as Supplementary Data.

Determination of the AGT/GTGT ratio

Association

To exclude subjects carrying GTGT-containing NCF1B and NCF1C or AGT-containing
NCF1 and determine the CNV of NCF1, NCF1B and NCF1C, we measured the AGT/GTGT
ratio using Tagman CNV assays described in previous studies?2 (Fig.3 and Supplementary
Table 11). In a duplex real time PCR reaction, the Tagman assay targeting either AGT or
GTGT was run simultaneously with a copy number reference assay (RNase P) targeting the
riboluclease P RNA component H1 gene (RPPHI) known to exist in two copies in the
genome (4403326, Thermo Fisher Scientific). Each reaction was run in quadruplicate on the
QuantStudio™ 6 Flex RT-PCR System (Thermo Fisher Scientific). The copy numbers of
AGT and GTGT were compared with that of RNase P and calculated by the comparative C;
method using CopyCaller Software v2.0 (Thermo Fisher Scientific). We combined all
subjects (n=6,914) for multiplate analysis and selected the “without calibrator sample”
option in CopyCaller by assuming four copies of AGT and two copies of GTGT as the most
frequent copy numbers. Ratios between the copy number of AGT and GTGT were normally
distributed around 5, 2, 1 and 0.5 (Fig.3b). According to the distribution, subjects showing a
AGT/GTGT ratio of >4, 1.3-2.6, 0.7-1.2 and <0.7 were assigned a theoretical ratio of 5:1,
4:2, 3:3 and 2:4, respectively (Fig.3b and c).

analyses

All African-American subjects (Supplementary Table 5), all European-American subjects
(Supplementary Table 4 and 7), all Korean patients with SLE and controls (Supplementary
Table 3) and a subset of subjects in the Chinese-1 data set (Supplementary Table 3) were
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assessed for the AGT/GTGT ratio. Association analyses were carried out either in subjects
with the normal AGT/GTGT ratio of 4:2 (carrying 2 copies each of NCF1, NCF1Band
NCFIC) or in all subjects. Given that the 5:1, 3:3 and 2:4 ratios were found in less than 2%
of Asians (Fig.3c and Supplementary Table 9) and that their impact on association analyses
of p.Arg90His in Asian data sets was negligible, Korean patients with rheumatoid arthritis
(Supplementary Table 8) and some of the Chinese subjects (Supplementary Table 3 and 7)
were not assessed for the AGT/GTGT ratio.

In each ancestry group, SNPs were assessed for association with disease using an additive
model in logistic regression in which principal components showing significant differences
between cases and controls (available for Chinese, European Americans and African
Americans in the discovery stage and Koreans in the replication stage) and sex were
included as covariates. Haplotype-based conditional association tests were performed to
detect independent association signals, and meta-analysis was conducted to combine
multiple datasets. All analyses described above were performed using PLINK v1.07. In
addition, we calculated the Bayes factor and posterior probability for each SNP using
SNPTEST v2.5.2. Pairwise LD values were calculated using Haploview 4.2. CNV of NCF1
was assessed for association with SLE and Sjogren’s syndrome using Fisher’s exact test, and
the 4:2 ratio of AGT/GTGT was used as reference genotype (OR=1).

Quantitative real-time PCR

Total mMRNAS were extracted from peripheral blood mononuclear cells of SLE patients and
controls using the All Prep DNA/RNA mini kit (QIAGEN) and then were reverse-
transcribed into cDNAs (Thermo Fisher Scientific). Transcript levels of NCF1, GTF2I,
GTF2IRDI1 and GAPDH were measured by quantitative real-time PCR using TagMan
assays (Hs00165362_m1, Hs01073660 m1, Hs00249456 m1 and Hs03929097 g1, Thermo
Fisher Scientific, respectively). The relative expression levels of NCF1, GTF2/ and
GTF2IRD1, normalized to those of the housekeeping gene GAPDH, were calculated by the
comparative C; methodl.

Measurement of ROS levels in neutrophils

We measured ex vivo ROS levels in neutrophils for association with p.Arg90His genotypes.
Fresh blood samples collected in vacutainer tubes containing EDTA were obtained from
healthy Chinese subjects (n=101) recruited at Shanghai Renji Hospital. Neutrophils were
isolated from blood by density gradient centrifugation using PolymorphPrep (Axis-Shield)
and cultured at 37°C in RPMI-1640 medium (11875-093, Gibco) supplemented with 10%
FBS. ROS levels were determined using DCFH-DA dye (S0033, Beyotime), which can be
oxidized to fluorescent DCF by intracellular peroxides. Two million neutrophils were
incubated with 5uM DCFH-DA for 20min and then stimulated with 30 ng/ml phorbol
myristate acetate (PMA) (P1585, Sigma) for 1h. Cells were washed twice with PBS and
assayed for the mean fluorescence intensity using flow cytometry (BD Biosciences). Data
were processed using the FlowJo software. DNA samples were extracted using the
TIANamp Blood DNA kit (DP348-03, TIANGEN) and assessed for p.Arg90Hisgenotype.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. The GTF2IRD1-GTF2I-NCF1 region on 79q11.23

(a) Association plot of Immunochip variants. The locations of 1000 Genomes Project
variants are indicated on the top. The allelic Pvalue (-log19P) of each Immunochip variant
assessed for association with SLE in Chinese is plotted as a circle according to the location
of the variant. A map of the SLE-associated SNPs described in this study is shown in a box
outlined by a blue dash line. (b) Large duplications at 7q11.23 containing NCF1, NCF1B
and NCF1C. Duplications are highlighted as red boxes in which the location of NCF1,
NCF1Bor NCFICis indicated by a triangle. The region shown in panel a is highlighted by a
blue dashed box. (c) LD (shown as r?) analyses in African-American (AfrAm), Chinese and
Eurorpean-American (EurAm) subjects with a 4:2 ratio of AGT/GTGT (n=100 for each
ancestral group).
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Fig 2. Highly homologous sequence among NCF1, NCF1B and NCF1C
(@) Alignment of the DNA sequences of NCF1B and NCF1C with that of NCF1. Sequences

of NCF1Band NCFICthat are not identical to that of MCF1 are shown in red. This figure
was generated using the BLAT tool in the UCSC Genome Browser. (b) NCFI variants
GTGT, p.Arg90His and p.Ser99Gly and the corresponding sequences at NCFIBand NCF1C
(highlighted in red). Sequences are based on human reference genome build GRCh38/hg38.
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Fig 3. Determination of the AGT/GTGT ratio
(a) AGT/GTGT ratios. (b) Distribution of the AGT/GTGT ratio in all studied subjects. (c)

Plot of the AGT/GTGT ratio in different ancestry groups.
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