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Large-scale analysis of the genetic basis of pediatric systemic lupus erythematosus  
 
Abstract  
 
Background 
 
Systemic lupus erythematosus (SLE) is a rare immunological disorder where genetic factors 
are important in causation. Mendelian forms of lupus have been described in the context of 
almost 30 genotypes in humans, and more than 60 in mice. Murine susceptibility models and 
genome-wide association studies (GWAS) also highlight the role of genetic variants in 
pathogenesis. The overall genetic contribution to pediatric SLE is unknown.  
 
Methods 
 
We designed a next-generation sequencing panel comprising 147 genes, including all known 
Mendelian lupus causing (KLC) genes in humans, and lupus associated genes identified 
through GWAS and animal models (potentially lupus causing, PLC, genes). Using this panel 
we screened 117 probands fulfilling American College of Rheumatology criteria for SLE, 
ascertained through two cohorts of pediatric SLE in the UK and France, and 791 ethnically 
matched controls from the 1000 Genomes Project. 
 
Results 
 
Mendelian genotypes were present in 6.8% of probands. Beyond these cases, rare, predicted 
damaging variants were significantly enriched in the SLE cohort compared to controls, with an 
odds ratio of 14.09 and 3.99 in KLC and PLC genes respectively. Overall, 27% of SLE 
probands versus 4.6% of controls were identified with at least one rare, predicted damaging 
variant amongst our selected gene panel (p = 4.14×10−15). 
 
Conclusion 
 
Rare and predicted damaging variants in KLC and PLC genes were highly enriched in a 
population of pediatric onset lupus, with 1 in 15 probands demonstrating clear Mendelian 
causation. Germline defects of innate immunity represent the main genetic contribution to SLE 
in children.   
 
Word count: 2733  
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Introduction  
 
The term systemic lupus erythematosus (SLE) describes a rare, heterogeneous set of 
phenotypes characterized by the presence of autoantibodies targeting nuclear autoantigens 
and type I interferon upregulation. Familial aggregation and higher concordance rates between 
monozygotic compared to dizygotic twins suggest a major hereditary component to 
pathogenesis1,2. Genome-wide association studies (GWAS) have identified more than 80 SLE-
associated loci3,4. GWAS defined variants are common, confer small effects on disease 
susceptibility and typically fall outside of coding regions5. In contrast, monogenic forms of SLE, 
of which almost 30 have been described in humans, and greater than 60 in mice6, involve 
highly penetrant rare variants in protein encoding DNA7.  
 
Mendelian forms of disease can help define the involvement of discrete pathways in 
pathogenesis. For example, both classical complement gene mutations and DNASE1L3 
deficiency highlight the importance of efferocytosis in lupus pathology8,9, whilst the relevance 
of type I interferon signaling to SLE is underlined by the association with the Mendelian type I 
interferonopathies10–13. Finally, B cells are a key player in lupus causation14, with PKCδ 
deficiency the first described B cell related form of monogenic lupus15, and heterozygous 
mutations in IKZF1, encoding IKAROS, a B cell transcription factor, a cause of germline 
autoimmunity including SLE16,17.  
 
Recent sequencing studies suggest a false dichotomy in categorizing diseases according to 
strict complex or Mendelian models, an alternative possibility highlighting the importance of 
combinations of small numbers of rare variants promoting disease in a single individual and at 
a population level18,19. Immune responses are variable in humans, with up to 40% of this 
diversity estimated to be explained by genetic variation20. In association with environmental 
factors, such genetic polymorphisms may promote tolerance breakdown21, as exemplified by 
the lupus phenotype.  
 
Here, we describe a large-scale molecular analysis of pediatric SLE, highlighting a mutational 
spectrum directly causing, or strongly influencing, pathogenesis.  
 
Material and methods 
 
Patients 
 
We identified 117 unrelated probands from the UK Juvenile-onset SLE (JSLE)22 and French 
SLE GENIAL cohorts fulfilling American College of Rheumatology (ACR) criteria for lupus, 
diagnosed before the age of 16 years. The study was approved by the relevant ethics 
committees (see the Supplementary Appendix for further details). The combined cohort 
comprised the following ethnicities: European (50%), African (33%) and South Asian (16%), 
classified according to International Genome Sample resource criteria (Figure 1A).  
 
Gene selection 
 
To identify genetic variations potentially responsible for SLE, we selected a set of genes based 
on: i) known Mendelian forms of lupus (‘known lupus causing’ – KLC - genes; n = 28), some 
also detected by GWAS and/or in murine studies (Table S1 in the Supplementary Appendix); 
ii) defined causes of monogenic lupus in mouse models (n = 62) and/or genes demonstrating 
an association with SLE identified through GWAS (n = 67), with 11 genes common to both. 
The latter group are referred to as ‘putative lupus causing’ (PLC) genes (Table S2 in the 
Supplementary Appendix). Defined as of 2013 when the study was initiated, this gene set 
comprised 147 in total.  
 
DNA sequencing, variant discovery and filtering 
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Details of our sequencing protocols and variant analyses are provided in the Supplementary 
Appendix. In brief, targeted enrichment and sequencing of the 147 gene panel was undertaken 
using DNA extracted from peripheral blood. Single nucleotide variants (SNV) and indels were 
identified according to strict bioinformatic protocols, aligned with 1000 Genomes Project 
(1000g)23 sequence sets, and variant pathogenicity assessed using SIFT24, Polyphen-225 and 
Combined Annotation Dependent Depletion (CADD) v1.326 scores. SNVs were filtered 
according to their population frequencies within the Exome Aggregation Consortium (ExAC) 
dataset, employing 1% and 0.1% in the case of putative biallelic mutations, or 0.01% and 
0.001% for heterozygous variants in the case of indels or SNVs respectively, as our thresholds 
(threshold (heterozygous) = threshold (homozygous)2 i.e. 10-4 for indels and 10-6 for SNVs). 
We selected indels with a CADD score higher than 15, and SNVs according to the formula: 
CADD score ≥ 15 AND sift score ≤ 0.05 AND Polyphen 2 score ≥ 0.9. A cartoon of the 
characterization of different sequence variants is given in Figure S1 in the Supplementary 
Appendix. 
 
Control cohort  
 
Control data were derived from the 1000 Genomes Project (1000g)23. The healthy control 
cohort comprised 791 unrelated individuals demonstrating a similar ethnic distribution to the 
SLE cohort (50% European, 33% African; 16% South Asian), built by random sampling among 
the 1000g sample set.  
 
In vitro assays, structural and network analyses 
 
Details of in vitro experiments, structural studies and protein interaction network construction 
are given in the Supplementary Appendix. 
 
Statistical analysis 
 
Fischer exact testing and Bonferroni correction were used to compare the frequencies of 
variants in the control and lupus cohorts. Data normality was assessed using Shapiro-Wilk test 
and quantile-quantile plots. The mean of SNPs per individual was compared between control 
and lupus cohorts using a Mann-Whitney U test (Wilcoxon rank-sum test), and a Bonferroni 
correction applied.  
 
Results 
 
Population characteristics 
 
Our patient cohort demonstrated a median age at disease onset of 12 (range 1.8 - 16) years 
and sex ratio of 25/92 (male:female = 1:3.7) (Figure 1B). Similar to previous studies of 
childhood SLE, major organ involvement was frequent, with renal and cerebral disease noted 
in 59% and 23% of individuals respectively. A family history of lupus was reported in 20% of 
cases.  
 
Next generation sequencing identified a total of 97,855 variants in the 147 KLC and PLC genes 
across 117 patients (Figures 1C, 1D). Filtering according to the strategy described above was 
used to select for very rare variants, allowing us to exclude 99.95% of these initially identified 
polymorphisms. A similar strategy was applied to the control cohort of 791 ethnically matched 
individuals (Figure 1E). 
 
Prevalence of rare and predicted damaging variants in the 28 KLC genes  
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After filtering, 16 unrelated probands were identified to harbor a total of 15 either heterozygous 
or biallelic variants in 12 KLC genes (Table 1), relating to components of the classical 
complement pathway (C1QA, C1QC, C2, C3, C5, C8B, C9), DNASE1L3 deficiency 
(DNASE1L3), type I interferonopathies (TREX1, RNASEH2C, ACP5) or B-cell dysfunction 
(IKZF1).  
 
Segregation was compatible with autosomal recessive inheritance due to complement 
deficiency in six pedigrees. Biallelic mutations in either C1QC or C1QA were identified in three 
families (Figure 2A). In silico structural analysis of C1qC predicted that the p.Gly164Ser 
substitution, already reported as pathogenic27, destabilizes the globular head of the C1q 
complement protein (Figure 2B). Two other variants in C1QC and C1QA were nonsense 
mutations. C1q was undetectable in patient 1 (Pt1) (Figure 2C). Patients 4 to 6 carried the 
same biallelic deletion in the C2 gene (Figure 2D), previously described as a cause of lupus 
with incomplete penetrance28. CH50 and C2 levels were decreased in Pt6, whist C3 and C4 
were normal (Figure 2E). Two predicted damaging variants in DNASE1L3 were identified in 
Pt7, and biallelic inheritance confirmed by parental testing (Figure 2F). The nonsense mutation 
has been reported as disease causing29, whilst the deletion of exon 5 was novel, located in the 
deoxyribonuclease domain (Figure 2G). Sequencing of the family of Pt8 demonstrated 
segregation of a novel missense IKZF1 variant with disease status in two additional relatives 
(Figure 2H). A previous GWAS identified significant linkage at the IKZF1 locus with lupus30, 
whilst loss-of-function germline mutations have been reported in association with systemic 
autoimmunity and B cell deficiency16,17. The p.Asp120Val IKZF1 variant is located in the first 
zinc finger of the protein (Figure 2I). Confocal microscopy of NIH-3T3 cells transfected with 
wild type (WT) and mutant constructs revealed a punctate staining pattern characteristic of 
pericentromeric heterochromatin binding and localization of the WT protein, whereas the 
mutant protein exhibited diffuse nuclear staining.  
 
Eight additional probands carried a monoallelic, rare, predicted damaging variant in a KLC 
gene previously described to cause SLE as an autosomal recessive trait (Table 1). A TREX1 
p.Ser82Leufs*9 frameshift mutation has been reported as disease-causing in Aicardi-
Goutières syndrome (AGS)31. Pt16, carrying a C3 substitution, demonstrated early onset lupus 
nephritis with C1q deposits and thrombotic microangiopathy. C3 was undetectable on several 
assessments. Heterozygous variants in C3 have been reported as possibly causal in SLE32. 
Other predicted damaging variants were recorded in RNASEH2C, ACP5, C5, C8B and C9. In 
this group of eight patients the sex ratio was 1:1, similar to the subset of probands described 
above, but differing from the overall composition of the cohort (Figure S2 in the Supplementary 
Appendix), and the median age at onset was earlier than in the cohort overall.  
 
To test if the accumulation of heterozygous KLC variants was specifically associated with lupus 
status, we applied the same algorithm to our control group as used in the lupus data set. In so 
doing we observed a statistically significant excess of rare, predicted damaging variants in 
KLC genes within the pediatric SLE population compared to controls, with an odds ratio of 
14.10 in the SLE cohort (Figure 3A). These data comprised all variants in our gene panel in 
the SLE and 1000g cohort datasets, generated respectively by targeted and whole genome 
sequencing. Considering that sequence coverage and indel analysis could be different 
between our in-house derived sequence and those of the 1000g, we carried out the similar 
assessment but restricted to SNVs within the coding regions of the KLC gene set (Figure S1, 
Figure S3A and Supplemental table 3 in the Supplementary Appendix). Again, rare and 
predicted damaging variants in KLC genes were significantly increased in the SLE population 
(p = 4.11x10-4).  
 
Prevalence of rare and predicted damaging variants in 119 PLC genes  
 
Focusing on variants in PLC genes, we detected 19 rare, predicted damaging PLC variants in 
16 additional unrelated probands (Table 2). Two patients carried the same novel substitution 
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in PDHX. In both cases there was a family history of SLE consistent with autosomal dominant 
inheritance. Samples were unavailable from other relatives so that we could not assess 
segregation. PDHX, included in our gene panel because of its identification in a GWAS of 
SLE33, encodes pyruvate dehydrogenase, a key glycolytic enzyme whose expression is 
reduced in white blood cells of lupus patients34.  
 
As for the KLC gene set, we observed a statistically significant enrichment of PLC filtered 
variants in the lupus population compared to the 1000g controls, with an odds ratio of 3.99 
(Figure 3B) and an increase in the number of filtered SNVs per individual in the coding portion 
of our PLC gene set compared to controls (p = 6.4 x 10-3) (Figure S3B in the Supplementary 
Appendix). 
 
Finally, we compared the combined frequency of KLC and PLC rare and predicted damaging 
variants per proband in the two cohorts, and identified a statistically significant increase of one, 
two and three genes with filtered variants per individual in the SLE population (Figure 3C, 3D).  
 
Phenotype according to gene-related pathway 
 
To determine whether genotype might influence phenotype, we considered the 30 genes with 
at least one rare, predicted damaging variant in our lupus cohort and assessed the protein 
interaction network built around these genes using String software35. Most of the genes were 
connected, defining a functional lupus interactome (Figure 4A). We then analyzed features of 
patients represented within one of three pathophysiological categories (efferocytosis, type I 
interferon signaling and primary adaptive immunity). The pattern of clinical expression was 
similar across the first two pathways. In contrast, patients with putative defects in adaptive 
immunity demonstrated renal and musculoskeletal involvement less frequently (Figures 4B - 
D). 
 
Discussion 
 
Immunoprofiling of pediatric SLE patients has highlighted the heterogeneous nature of this 
phenotype36. Whilst the basis of such heterogeneity remains poorly defined, the identification 
of Mendelian forms of SLE related to different pathogenic mechanisms indicates that genetic 
factors are likely important. Low frequency variants are not captured by GWAS, nor do they 
confer sufficiently large effect sizes to be detected by classical linkage analysis in small family 
studies7. Meanwhile, the observation of variable penetrance and expression in Mendelian 
disorders indicates that other genes or environmental factors can impact phenotype.  
 
A major challenge of our study was to set appropriate thresholds, in terms of population 
frequency and pathogenicity prediction, in order to capture likely causal variants. Given the 
identification of unequivocal Mendelian genotypes, the algorithms we employed appear valid. 
This bioinformatics strategy also demonstrated that the distribution of filtered variants was not 
equal in ethnically matched patient and control populations. Such stringent filtering, leading to 
an enrichment for likely pathogenic alleles, risks excluding possible disease-causing variants. 
For example, a p.Asp105Ala heterozygous variant in RNASEH2B, previously considered as 
causal for SLE11, was excluded using this filtering strategy (data not shown). As such, our 
results likely represent a conservative estimate of the associated high-penetrant genetic load. 
 
Our analysis identified eight probands with mutations in KLC genes consistent with Mendelian 
causation. Complement deficiencies accounted for 5% of probands in our cohort and a defect 
of efferocytosis is also relevant in DNASE1L3 deficiency9. Only one patient in our cohort was 
identified with a monogenic disease involving B cell dysfunction. That is, a novel mutation in 
IKZF1, encoding the transcription factor IKAROS, playing a role in B cell development. No 
mutations were identified in PRKCD, previously associated with monogenic lupus15.  
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In lupus patients compared to controls, we observed an increased frequency of monoallelic 
variants in KLC genes described to cause lupus as an autosomal recessive trait in both type I 
interferonopathy and complement related genes. In this group the sex ratio was 1:1, and the 
onset of disease was very early, possibly suggesting a significant impact of the observed 
heterozygous variants on disease induction. Among these variants, a TREX1 mutation has 
already been reported in AGS, a recognized type I interferonopathy associated with an 
increased risk of SLE10. Günther et al. also described an increase of rare heterozygous variants 
in components of the RNase H2 complex in lupus11. Using our filtering strategy, one patient 
was detected with an RNASEH2C monoallelic, predicted pathogenic substitution. We recorded 
an ACP5 missense variant in one patient. Biallelic mutations in ACP5 are a cause of Mendelian 
lupus12, and an increase of predicted pathogenic heterozygous variants in this gene has been 
reported in an adult lupus cohort13. The patient carrying the novel variant in C3 displayed 
features of lupus nephritis and hemolytic uremic syndrome (HUS), with C3 deficiency a known 
cause of HUS. Overall, these discoveries support the possibility that genes known as directly 
causal for Mendelian lupus may also play a role in driving susceptibility to complex disease. 
We note that de novo monoallelic mutations have recently been described in KLC genes in 
lupus patients, supporting the contention of a contribution of heterozygous variants to SLE 
susceptibility37.  
 
We identified 16 patients with heterozygous, putative mutations in PLC genes. The frequency 
of these rare, predicted damaging variants was significantly increased in lupus patients 
compared to controls, suggesting that they might represent novel SLE predisposing alleles. 
Furthermore, some filtered variants co-segregated in a single individual. For example, Pt8 
carried a LYN substitution associated with the novel IKZF1 mutation discussed above, whilst 
Pt10 was identified with a novel, predicted damaging variant in each of ACP5 and RASGRP3, 
and a very rare variant in FCGR3A. It seems plausible that a lupus phenotype might be driven 
by pathogenic variants in two or more genes.  
 
Using our strategy, focusing on exons and polymorphisms with predicted functional 
consequences, we identified putative disease causing variants in coding regions of genes 
already detected in GWAS studies. As examples, we recorded two unrelated patients carrying 
the same variant in PDHX, and a novel PTPN22 variant was observed in one patient. 
Furthermore, three patients carried the identical, very rare indel in the FCGR3A gene encoding 
Fc gamma receptor III. Rare variants may contribute to the burden of the disease, with their 
accumulation influencing age at onset and clinical spectrum.  
 
Studying extreme phenotypes of complex disease represents a powerful strategy to simplify 
and understand human pathology. Here, we highlight at least three distinct immune defects 
driving pathogenesis in pediatric SLE, with the majority of disease-associated alleles detected 
in genes involved in innate immunity (Figure S4). Supporting the conclusions of a recent 
transcriptomic study36, our analysis highlights the heterogeneity of the genetic basis of 
pediatric SLE, with 27% of the pediatric SLE population carrying at least one rare and predicted 
damaging variant. Numerous clinical trials have failed to demonstrate a positive effect of a 
variety of medications in SLE38, and current clinical and laboratory criteria are clearly not 
sufficient to detect specific factors determining treatment outcome39. Explicitly considering 
rare, high penetrant gene variants might identify patient subsets with distinct therapeutic 
responses, thereby enabling personalized treatments according to genetic background and 
molecular taxonomy40.  
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Figure 1. Demographic characteristics of the pediatric SLE cohort and bioinformatic 
analysis strategy. Ethnicity (A), age and sex (B) of the 117 probands in the pediatric SLE 
cohort. (C) Schematic of the bioinformatic pipeline used to detect rare predicted damaging 
variants, leading to the definition of three categories of patient: 8 patients with monogenic SLE; 
8 patients carrying monoallelic variants in autosomal recessive known lupus causing (KLC) 
genes; 16 additional patients with filtered variants in potentially lupus causing (PLC) genes. 
Total and individual variant numbers are presented before and after the application of filters of 
rarity and pathogenicity in the SLE (D) and 1000g (E) cohorts. Note, three patients in the KLC 
groups carried additional rare and predicted damaging variants in PLC genes, as indicated in 
brackets. 
 
Figure 2. Eight monogenic forms of pediatric SLE. Pedigrees of families with mutations in 
C1q (A), C2 (D), DNASE1L3 (F) and IKAROS (H) (black shading represents affected SLE 
status), with identified mutations shown below each pedigree. (B) Structure of C1q globular 
domain with C1qA (red), C1qB (green) and C1qC (blue), calcium ion (yellow) and 
representation of the G164 residue (magenta). This amino acid is highly conserved across the 
C1q family. The glycine at position 164 is located near the junction between the collagen-like 
stem (red, green and blue circles) with the globular domain. The glycine is tightly packed into 
the structure, and any substitution is predicted to destabilize the assembly of the three chains. 
(C) ELISA quantification of complement components in sera from patients with C1Q and C2 
deficiency (E). (G) Representation of the DNASE1L3 protein showing the T97Ifs*2 substitution 
and the deletion identified in Pt7 (red), and the only other mutation so-far reported within the 
coding region (black). (I) Position of the D120V mutation (red) in the IKAROS zinc finger 
domain required for DNA-binding, and previously reported mutations (black). NIH3T3 cells 
were transfected with HA-tagged WT or D120V mutant expression vectors labeled with anti-
HA antibody and an Alexa 488-conjugated (green) secondary antibody. Cells were visualized 
using confocal microscopy.  
 
Figure 3. Bioinformatic filtering of rare and predicted damaging variants in pediatric 
SLE patients and controls. (A) Heterozygous variant enrichment in known lupus causing 
(KLC) genes (indels and SNVs), previously associated with lupus causation as an autosomal 
recessive trait, in SLE probands compared to controls. Note, the eight SLE patients considered 
as having a proven Monogenic cause for their disease (see Figure 2) have been excluded from 
this analysis so as to avoid biasing the data. (B) Total filtered heterozygous variant enrichment 
in possibly lupus causing (PLC) genes (indels and SNVs) in SLE probands compared to 
controls. (C) Number of KLC and PLC genes per individual in which a rare, predicted damaging 
variant was identified in pediatric SLE probands and controls. (D) Representation of genes 
with either filtered variants (inner white circle) or without filtered variants (outer grey circle). 
Chromosome localization and number of filtered variants (innermost colored dots) are 
indicated. Variants were divided into three categories: causal for monogenic disease (red), 
heterozygous in KLC genes previously associated with lupus causation as an autosomal 
recessive trait (orange) or PLC (blue) genes. Putative di- or tri-genic associations of variants 
in a single proband are signified by connecting lines. 
 
Figure 4. Phenotype according to genetic background. Interactome of lupus susceptibility 
genes constructed using String software (version 9.0; http://string-db.org) including all KLC 
and PLC genes in which at least one rare, predicted damaging variant (n = 30) was identified 
in the lupus population; solid lines highlight the main pathways (A). Spider plots of the 
frequency of clinical features, and dsDNA positivity observed in pediatric SLE probands 
carrying filtered variants in efferocytosis related genes (B), type I interferon related genes (C), 
and B cell related genes (D).  
 
Supplementary figure 1. Coding region filter. The red box outlines what we refer to as the 
coding region i.e. exons and canonical splice site nucleotides. 
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Supplementary figure 2. Phenotype according to genotype. Spider plots of the frequency 
of clinical features seen in: A) lupus patients with Mendelian disease (n = 8); (B) probands 
carrying heterozygous variants in autosomal recessive KLC genes (n = 8); (C) probands with 
variants in PLC genes (n = 16); and (D) probands with no identified filtered variants (n = 85). 
Sex ratios and age at diagnosis are provided for each plot. Sex ratio, male:female; Age, median 
age at onset in years; SD: standard deviation. 
 
Supplementary figure 3. Bioinformatic filtering of rare and predicted damaging variants 
in pediatric SLE patients and controls restricted to single nucleotide variants (SNVs) in 
coding regions. Variant number of KLC (A) or PLC (B) heterozygous (het) SNVs in coding 
regions per individual in SLE probands and controls. Note, the eight SLE patients considered 
as having a proven Monogenic cause for their disease (see Figure 2) have been excluded from 
this analysis so as to avoid biasing the data. 
 
Supplementary figure 4. Model of the relationship of identified rare and predicted 
damaging variants to pediatric lupus pathogenesis. This model highlights the pathways 
identified by the current study considering rare, predicted damaging variants identified in 
pediatric SLE probands. Processing and clearance of immune complexes and interferon 
signaling are represented in the upper panel; signal transduction in the adaptive immune 
response is represented in the lower panel. Abbreviations: AB, apoptotic bodies; IFN, 
interferon; MФ, macrophage; pDC, plasmacytoid dendritic cells.  
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Table 1: Patients carrying filtered variant in known lupus causing (KLC) genes (bold) (with additional filtered variants, underlined), defining 
Mendelian SLE (Pt 1 to 8) or carrying single rare, predicted damaging heterozygous variants in genes known to cause autosomal recessive 
lupus (Pt9 to 16) 

Patient Homozygous variants 
Compound 

heterozygous 
variants 

Single heterozygosity SIFT Polyphen2 CADD ExAc References 

Pt1 
C1QC c.490G>A 
p.Gly164Ser  

  Deleterious Probably damaging 21.3 1/121376 

27 Pt2  C1QC c.120delC 
p.Leu41Cysfs*97  

 - -  Novel 

  /  c.490G>A 
p.Gly164Ser  

 Deleterious Probably damaging 32 1/121376 

   CLEC16A in-frame 
deletion g:11073185 G/- 

- - 15.75 Novel  

Pt3 
C1QA c.44delT 
p.Ile15Asnfs*7  

No No - - 21.3 Novel  

Pt4 

C2 
c.839_849+17delTGGT
GGACAGGGTCAGGAA
TCAGGAGTC  

  - - 32 
619/121204 1 

hom 

28 Pt5 

C2 
c.839_849+17delTGGT
GGACAGGGTCAGGAA
TCAGGAGTC  

  - - 32 
619/121204 1 

hom 

Pt6 

C2 
c.839_849+17delTGGT
GGACAGGGTCAGGAA
TCAGGAGTC  

  - - 32 
619/121204 1 

hom 

Pt7  
DNASE1L3 
c.290_291delCA 
p.Thr97IlefsTer2 /  

 - - 25.1 10/121384 29 

  Exon 5 deletion  - -  Novel  

Pt8   IKZF1 c.199A>T 
p.Ter67Cys 

Deleterious Probably damaging 26.3 Novel  

   
LYN c.773T>C 
p.Phe258Ser 

Deleterious Probably damaging 24.2 Novel  
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Pt9 

 TREX1 
c.226_227insCCTG
CAGC het 
p.Ser82Leufs*9  

 - - 24.6 Novel  

Pt10 
 ACP5 c.79C>A 

p.Arg27Ser 
 Deleterious Probably damaging  28.1 Novel  

 
 RASGRP3 

c.686C>G 
p.Ala229Gly 

 Deleterious Probably damaging 31 Novel  

 
FCGR3A intronic 
variant: g.161514759 
delC ins CAG 

       

         

Pt11 

 
RNASEH2C 
c.472C>G 
p.His158Asp  

 Deleterious Probably damaging 28.8 Novel  

Pt12 

 
C9 
c.1209_1222delTGAT
TGTGTAAAGA 
p.Asp403GlufsTer5 

 - - 34 8/121256  

Pt13 
 

C8B p.Ala4STOP 
(indel) 

 - - 16.31 Novel  

Pt14 
 

C5 p.Asp966Tyr    - - 16.5 1/30882  

Pt15 
 

C9 c.1490C>T 
p.Ala497Val 

 Deleterious Probably damaging  29.2 Novel  

Pt16 

 
C3 c.3278T>G 
p.Ile1093Ser 

 Deleterious Probably damaging  31 Novel  

Pt11 
 RNASEH2C 

c.472C>G 
p.His158Asp  

 Deleterious Probably damaging 28.8 Novel  

Pt12 
 C9 

c.1209_1222delTG
 - - 34 8/121256  
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ATTGTGTAAAGA 
p.Asp403GlufsTer5 

Pt13 
 C8B p.Ala4STOP 

(indel) 
 - - 16.31 Novel  

Pt14  C5 p.Asp966Tyr    - -    

Pt15 
 C9 c.1490C>T 

p.Ala497Val 
 Deleterious Probably damaging     

Pt16 
 C3 c.3278T>G 

p.Ile1093Ser 
 Deleterious Probably damaging     
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Table 2: Rare, predicted damaging variants per patient in putative lupus causing (PLC) genes (GWAS and mouse model), Pt 17 to 32
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Patient Single heterozygosity SIFT Polyphen2 CADD ExAc 

Pt17 TNIP1 g.10444711, delA - - 18.67 Novel 

Pt18 IRF7 c.926A>T p.Lys309Met Deleterious 
Probably 
damaging 

24.9 Novel 

Pt19 
PXK g.583955125 
delAAGTAGACAGCCTGAGC 

- - 15.65 Novel 

Pt20 FCGR3A g.161514759 delC ins CAG - - 18.07 1/114654 

Pt21 
CLEC16A c.904_906delGGA 
p.Gly302del 

- - 15.52 Novel 

 NFE2L2 c.-
11_9delCACAGCTCATCATGATGGAC - 

- - 22.8 Novel 

Pt22 TRAF3IP2 c.1366G>A p.Val456Met Deleterious  
Probably 
damaging 

 Novel 

 FCGR3A g.161514759 delC ins CAG - - 18.07 1/114654 

Pt23 PDHX c.171T>G p.Ile57Met Deleterious 
Probably 
damaging 

24.0 Novel 

Pt24 JAZF1 c.-23delA - - 18.15 16/109860 

Pt25 
MAP3K1 c.2_3insGGC 
p.Met1_Ala2insAla 

- - 18.68 Novel 

Pt26 PHRF1 c.1355C>T p.Pro452Leu Deleterious 
Possibly 

damaging 
23.9 Novel 

Pt27 CD19 c.1318G>A p.Glu440Lys Deleterious 
Probably 
damaging 

33 Novel 

Pt28 CBLB c.621T>G p.Ile207Met Deleterious 
Probably 
damaging 

23.9 Novel 

 
TMEM39A 
c.682_694delGCCTCGACTGTGG insA 
p.Ala228_Gly232delinsArg 

- - 20.7 Novel 
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Pt29 FCGR3A g.161514759 delC ins CAG - - 18.07 1/114654 

Pt30 
TNXB 
c.4535_4552delACGGGCAGCCCCAGG
TGG p.Asp1512_Val1518del 

- - 32 9/110452 

Pt31 PTPN22 c.314C>T p.Pro105Leu Deleterious 
Probably 
damaging 

29.6 Novel 

Pt32 PDHX c.171T>G p.Ile57Met Deleterious 
Probably 
damaging 

24.0 Novel 


