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1. Targeted sequencing, genotyping and quality control 
1.1. Targeted sequencing 
A custom SeqCap EZ Choice XL library (Roche NimbleGen) was designed to target exons and regulatory 
regions of 1,853 genes, as described in detail previously (1). In total, 32 Mb were targeted for sequencing. 
Sequencing libraries were prepared by ultrasonification of DNA from whole blood to 400 bp fragments (Covaris 
E220) followed by barcoding (NEXTflex-96 DNA barcode adapters, Bio Scientific). Samples were pooled in 
batches of 8, hybridized (Roche NimbleGen) and sequenced with 100 bp paired-end reads using Illumina HiSeq 
2500 version 3 or 4 chemistry. Targeted sequencing of the samples included in the current study has been 
described previously (2-4). 
 
1.2. Genotyping and quality control 
Sequencing reads were mapped to the human hg19 reference using bwa mem (version 0.7.12), and duplicate 
reads were marked with Picard (version 1.92). Applying the GATK Best Practices workflow (GATK version 
3.3.0) for variant discovery, indel realignment and base score recalibration was performed prior to variant 
discovery using HaplotypeCaller in gVCF mode, excluding samples with a mean target coverage < 10x. Joint 
genotyping on the whole study cohort of patients and healthy controls was performed using GATK 
GenotypeGVCFs, and bi-allelic single-nucleotide variants were next passed on for recalibration of SNV quality 
scores using VariantRecalibrator with a filter at tranche level 99.0. Genotype calls with read depth < 8 and 
genotype Phred quality score < 20 were excluded using VCFtools.  
The genetic structure of the study participants was analysed with LASER using the Human Genome Diversity 
Project (HGDP) as reference population (5, 6). Study participants > 5 standard deviations outside of the mean 
of the European sub-population of the HGDP reference set were excluded, followed by recursive exclusion of 
subjects exceeding > 5 standard deviations of the remaining study subjects. Duplicate and first-degree related 
individuals were excluded based on relatedness analysed using KING (7). An extra filter on rate of missing 
data, heterozygosity ratio, transition-transversion ratio and singleton counts was applied to exclude extreme 
sample outliers (3). Finally, samples with a call rate < 80% were removed.  
For genetic variants, a number of filters were applied. Heterozygous calls were kept if the allelic balance across 
all samples was > 0.2 and < 0.8, whereas SNVs deviating from Hardy-Weinberg equilibrium (phealthy control < 
1x10-6), monomorphic sites, and variants called for < 90% of individuals were excluded. The remaining variants 
were tested for differential missingness between patients and healthy controls using PLINK (version 1.90) (8), 
and variants differing between groups (Bonferroni corrected, p < 0.05) were excluded.  
Individuals passing genotyping QC were considered eligible for analysis of C4 copy number and HLA.  
 

2. Analysis of C4 copy number 
2.1. Structure of C4A/C4B 
The human paralogous C4 genes, C4A and C4B, are located in the HLA class III region on the p arm of 
chromosome 6, centromeric to HLA class I and telomeric to HLA class II. The two C4 genes are both 20.6 kb 
long and code for 41 exons (Fig. 1). The reference sequences of the two genes differ at 18 positions (Table 1), 
thereby being 99.91% identical. Five nucleotide variants – leading to 4 amino acid substitutions in exon 26 
(PCPVLD vs. LSPVIH) – are by definition used to distinguish C4A and C4B (Table 1) (9, 10). Some C4 genes 
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may contain a ~6 kb human endogenous retroviral (HERV) insertion between exon 9 and 10 (Fig. 1) (11), but 
considering that this region has not been targeted for sequencing as part of this study, copy number variation of 
the HERV insertion is not part of the current C4 analysis. 
 

 
Fig. 1 Structure of the paralogous C4 genes, C4A and C4B. The C4 genes may contain a ~6 kb human endogenous retroviral (HERV) insertion.  

 
 

Table 1 Variants differing between the reference sequence for C4A and C4B. The 5 nucleotide variants in exon 26 
(causing 4 amino acid substitutions) that per definition are used to define C4A and C4B, respectively, are marked in bold. 

 
Position (GRCh37)  Position (GRCh38)  Allele  

C4A C4B   C4A C4B   C4A C4B Exon/Intron 
31962174 31994912  31994397 32027135  A G Intron 20 
31962401 31995139  31994624 32027362  G A Ala/Thr (exon 21) 
31963559 31996297  31995782 32028520  A G Asp/Gly (exon 25) 
31963860 31996598  31996083 32028821  C T Pro/Leu (exon 26) 
31963863 31996601  31996086 32028824  G C Cys/Ser (exon 26) 
31963871 31996609  31996094 32028832  T A Leu/Ile (exon 26) 
31963874 31996612  31996097 32028835  G C 

Asp/His (exon 26) 
31963876 31996614  31996099 32028837  C T 
31964228 31996966  31996451 32029189  A G Asn/Ser (exon 28) 
31964316 31997054  31996539 32029277  G C Ala/Ala (exon 28) 
31964321 31997059  31996544 32029282  T C Val/Ala (exon 28) 
31964330 31997068  31996553 32029291  T G 

Leu/Arg (exon 28) 
31964331 31997069  31996554 32029292  C G 
31964391 31997129  31996614 32029352  C G Intron 28 
31964394 31997132  31996617 32029355  TC T Intron 28 
31964785 31997522  31997008 32029745  T G Ser/Ala (exon 29) 
31965242 31997979  31997465 32030202  T C Intron 30 
31965383 31998120   31997606 32030343   A G Intron 30 

 
2.2. Calling C4 copy number 
C4 copy number was estimated using GATK GermlineCNVCaller (version 4.1.8.1), which is a read depth-
based method for analysis of copy number variation in WES/targeted sequencing data using bam files as input. 
Prior to analysis, reads mapped to the C4A/C4B regions ± 500bp (hg19, chr6:31949334-32003695) were 
extracted (samtools version 1.10) and remapped (bwa mem version 0.7.17) to the reference sequence for 
chromosome 6 in which C4A ± 1,000 bp (chr6:31948834-31971457) had been masked. Next, the C4 reads 
mapped to the C4A-masked reference were merged with chromosome 6 reads outside the C4A/C4B region ± 
1,000 bp (chr6:1-31948834 and chr6:32004195-171115067). Before analysis in the GermlineCNVCaller 
pipeline, duplicate reads were marked using Picard (version 2.20.4). 
Samples were analysed using the GATK GermlineCNVCaller pipeline in cohort mode with batches of size 
~300. Forty-two samples with known C4 copy number were included in all batches to allow for quality control 
and normalisation (see below). Intervals on chr6 targeted for sequencing were first split to have a maximum 
size of 5,000 bp. Intervals in the C4B region were manually defined to cover the relevant regions 
(chr6:31982572-31984923, chr6:31991707-31994992, chr6:31994993-31998278, chr6:31999328-32000075, 
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chr6:32001567-32003195), and a total number of 5,478 intervals on chromosome 6 were prepared using GATK 
PreprocessIntervals using default settings for targeted sequencing data. In the next step, the number of reads 
was analysed sample-wise for all intervals using CollectReadCounts, followed by AnnotateIntervals, 
FilterIntervals [--extreme-count-filter-maximum-percentile 100], DetermineGermlineContigPloidy, 
GermlineCNVCaller [--max-copy-number 8], and PostprocessGermlineCNVCalls (alternative settings defined 
in brackets).  
The output from GermlineCNVCaller is a ‘denoised copy ratio’ for each interval across all individual samples. 
The total copy number of C4 was estimated for each sample based on the average denoised copy ratio of the 5 
C4B intervals. The copy number estimate was next normalised within each batch by linear regression using the 
samples with known C4 copy number. Combining C4 copy number estimates from all samples showed a 
multimodal distribution, corresponding to a C4 copy number in the range 2-6 (Fig. 2), and the continuous 
estimate was rounded to the nearest integer copy number value. Two of the 42 samples with known C4 copy 
number and included in all batches consistently showed a mismatch in the expected and the estimated copy 
number across all batches (see section 2.3). Including the two samples during normalisation had a negative 
impact on copy number estimation by ‘pushing’ the modes away from the integer copy number levels seen in 
Fig. 2, and therefore normalisation was performed using only the 40 samples that were consistent in the expected 
and estimated C4 copy number across all analysis batches. 
Two individuals had more than 6 estimated copies of C4 (one SSA-SSB- pSS patient had a C4 copy number of 
7, and one control sample had a copy number of 8). Due to the low number of individuals with C4 copy number 
≥ 7, we excluded the two individuals from further analysis. 
 

 
Fig. 2 C4 copy number estimates of for healthy controls and patients with SLE, pSS and 

 myositis (n = 3,541). Two individuals with copy number ≥ 7 have been excluded. 
 

The proportion of C4A and C4B genes among the total number of C4 genes was estimated based on the average 
read depth of the 5 paralog-specific variants (C4B: chr6 position 31996598T/C, 31996601C/G, 31996609A/T, 
31996612C/G and 31996614T/C) analysed using GATK HaplotypeCaller. By plotting the estimate for total C4 
copy number against the read depth of C4A-specific variants relative to the total read depth of both C4A- and 
C4B-specific variants, samples generally clustered on the integer combinations of C4A/C4B copy number 
possible for each C4 copy number level (Fig. 3). 
Based on the total C4 copy number, the integer copy number of C4A and C4B were calculated from their relative 
C4A-specific read depth using the relation: C4 = C4A + C4B. C4A/C4B copy number was not estimated for 
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samples with a total read depth < 10 of the C4A-/C4B-defining variants, meaning that C4A/C4B copy number 
was not estimated for 21 individuals. 

 

 
Fig. 3 C4 copy number estimates plotted against the proportion of the read depth of C4A-specific variants relative to the total read  

depth of C4A-/C4B-specific variants (n = 3,520). 21 individuals with low read depth of C4A/C4B-defining nucleotides have been excluded. 
 
2.3. Validation of C4 copy number calls 
C4 copy number had been previously analysed for 120 SLE patients included in the current study by qPCR as 
described elsewhere (12, 13). Comparison of the lab-based C4 copy number estimates and the copy number 
determined from sequencing data showed a high level of agreement (Fig. 4), with a match in total C4 copy 
number for 115 of 120 samples (95.8%). In addition, a perfect match was found for the number of C4A and C4B 
copies when evaluating the 115 samples with matching C4 copy number (Fig. 4).  
For the 5 samples with a mismatch in C4 copy number (red dots in Fig. 4), the estimate from 
GermlineCNVCaller were located close to a possible integer combination of C4 vs. C4A/C4B, while being 
distantly located to the expected lab-based value. This suggests that the copy number value estimated from 
sequencing data could be the true value.  
 

 
Fig. 4 C4 copy number estimates based on calls from GATK GermlineCNVCaller in comparison to lab-based C4 copy number detection. The x-axis 
denotes the total C4 copy number, whereas the y-axis denotes the fraction of C4A of total C4. Blue and red dots denote an estimated C4 copy number 

(using GermlineCNVCaller) and is connected with a line to an expected integer C4 copy number value. Grey circles denote possible integer 
combinations for C4 and C4A/C4B copy number. Five samples showed inconsistent C4 copy number (marked in red; see description in text). n = 120.  
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2.4. Validation of C4 copy number from GATK GermlineCNVCaller using 1000 genomes WES data 
C4 copy number has been previously determined by others using digital droplet PCR in 111 individuals from 
the 1000 Genomes Project (14). We tested the method for C4 copy number analysis using GATK 
GermlineCNVCaller on whole exome sequencing (WES) data that was available for 90 of the 111 individuals. 
We selected WES data since this is targeted sequencing data that resemble the composition of the sequencing 
data applied in the current study. 
The method largely followed the methodology applied for the DISSECT sequencing data with some minor 
differences. Briefly, WES data mapped to the GRCh38 reference sequence for the entire chromosome 6 and all 
HLA contigs were downloaded from the 1000 Genomes Project. Reads were remapped to GRCh38 in which the 
C4A-region ± 1kb (chr6:31981057-32003680) had been masked. After remapping, duplicate reads were marked 
using Picard.  
Copy number was estimated with the GATK GermlineCNVCaller pipeline as described in section 2.2, analysing 
chromosome 6 regions targeted for sequencing in the 1000 Genomes project (intervals > 5,000 bp were split 
into smaller intervals). C4 copy number was estimated based on the average denoised copy ratio of 39 C4B 
intervals targeted for sequencing in the region chr6:32014817-32035326 (note that HERV was not covered in 
WES data). The C4 copy number estimates were normalised by linear regression using the C4 copy number 
calls from digital droplet PCR. The proportion of C4A and C4B genes of the total number of C4 genes was 
estimated based on the average read depth of the 5 paralog-specific variants (C4B: chr6 position 32028821T/C, 
32028824C/G, 32028832A/T, 32028835C/G and 32028837T/C) analysed using GATK HaplotypeCaller after 
remapping to the C4A-masked reference. 
C4 copy number was correctly called for 100% of the 1000 Genomes samples (90 of 90 samples had correct 
call) when comparing results from the WES data analysed by GATK GermlineCNVCaller to the lab-typed C4 
copy number previously analysed by digital droplet PCR (Fig. 5).  
 

 
Fig. 5 C4 copy number estimates in 90 samples from the 1000 Genomes project based on calls from GATK GermlineCNVCaller in comparison C4 

copy number analysed by droplet digital PCR by Sekar et al. 2016. The x-axis denoted the total C4 copy number, whereas the y-axis denoted the 
fraction of C4A of total C4. Blue dots denote an estimated C4 copy number (using GermlineCNVCaller) and is connected with a line to an expected 

integer C4 copy number value as determined by digital droplet PCR (grey circles). n = 90.  
 

 
2.5. Comparison of WGS calls vs. targeted sequencing calls 
In a third attempt to validate the method for C4 copy number estimation, we used WGS data from 75 parent-
offspring trios, in which the offsprings were diagnosed with SLE (15). 45 of the offsprings with WGS 
sequencing data overlapped with the SLE patients in the current study. The analysis generally followed the 
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method for targeted sequencing data described in section 2.2, with some modifications. Briefly, reads mapped 
to a 5 Mb region of HLA (hg19; chr6:29000000-34000000), excluding duplicate reads, were extracted and 
remapped to the reference for chromosome 6, in which C4A ± 1,000 bp had been masked. 
Intervals of 1000 bp size were generated for the 5 Mb HLA region using PreprocessIntervals, and intervals in 
C4B region were manually defined to ~1,000 bp intervals in the covering chr6:31982572-31984923 (C4B exon 
1-9, 3 intervals), chr6:31991707-32003195 (C4B exon 10-41, 12 intervals), and chr6:31985199–31991567 
(HERV sequence (16), 7 intervals). The residual analysis in GermlineCNVCaller was done as described in 
section 2.2. C4 copy number was estimated based on the average denoised copy ratio of the 15 C4B intervals, 
and next normalised by linear regression using C4 copy number estimates for SLE patients overlapping with 
samples described in section 2.2.  
For the 45 samples with overlapping WGS data, a perfect match was seen for total C4 copy number estimates. 
When comparing the copy number of C4A/C4B, a mismatch was seen in the C4A:C4B configuration for one 
individual with a copy number of 4 (2:2 vs. 1:3). Overall, a high consistency was seen for C4 copy number calls 
when using different data types (WGS vs. targeted sequencing) for copy number analysis, thus corroborating 
the validity of our analysis approach 
 

3. Analysis of variants in C4 
3.1. Calling C4 variants 
Due to the high sequence homology in the reference sequence for C4A and C4B (99.91% identical; section 2.1), 
most C4 sequencing reads will map equally well to C4A and C4B. By default, reads that map to multiple 
locations are assigned a mapping quality (MAPQ) of 0 and are filtered when calling genotypes in tools such as 
GATK HaplotypeCaller. Consequently, genotypes from the C4A/C4B regions are generally not called from next 
generation sequencing data. In addition to the lack of variant discovery, the high level of copy number variation 
also complicates the genotyping analysis, in which diploid state is expected for autosomes.  
To circumvent these challenges, we extracted the read depth of alternative variants after mapping C4 reads to a 
C4A-masked reference (section 2.2) using GATK Haplotype Caller (version 4.1.8.1). Genetic variation at bp-
resolution covering the regions chr6:31982472-31985023 (C4B exon 1-9) and chr6:31991607-32003295 (C4B 
exon 10-41) was analysed for individual samples. Next, variation was merged across all samples using GATK 
CombineGVCFs followed by GenotypeGVCFs.  
Plotting the fraction of alternative alleles stratified for total C4 copy number generally showed a pattern in 
which the frequency of the alternative allele was compliant with an integer copy number (Fig. 6), i.e. for a total 
C4 copy number of 3, alternative allele ‘bands’ are seen at a fraction of 0.0, 0.33, 0.67 and 1.0. By using total 
C4 copy number estimated for each individual, we converted the relative fraction of reads with an alternative 
allele into the nearest integer value defining C4 gene copies with an alternative variant. To call a variant, we set 
a minimum threshold for total read depth at 14 together with a minimum alternative read depth of 7.  
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Fig. 6 Fraction of reads coding for alternative allele when stratifying for a total C4 copy number of 2 (left panel) or 3 (right panel). Positions at which 
an alternative variant has been called for at least one individual have been included, and variants with fraction of alternative allele > 0 at the selected 

positions are been plotted. The number of points has been randomly downsampled to 10,000 points. The red dashed line indicates the position of the 5 
C4A/C4B-defining nucleotide variants. The large region around 31.99 Mb without any variation is the location of the HERV insertion.  

 
We used Ensembl Variant Effect Predictor version 99 (17) for annotation of variants. As exons were targeted 
for sequencing to a higher extent than introns, we focused the analysis on rare coding C4 variants with a 
potentially stronger impact on disease involvement. Nevertheless, due to the high sequence homology between 
the reference sequences of C4A and C4B and the short read sequencing data, it was generally not possible to 
assign a variant specifically to a C4A or C4B gene, and therefore we analysed the detected variants as ambiguous 
C4 variants. 
 
3.2. Validation of rare C4 variants 
Using the WGS data for 75 parent-offspring trios in which the offsprings were diagnosed with SLE, we aimed 
to verify the calls of the rare/semi-rare C4 variants (alternative allele present in ≤ 10% of individuals). 
Comparison of samples overlapping with both targeted sequencing data and WGS data (n = 45) showed an 
allelic match of 98.4% (127/129 variants) in the variants called in both datasets. Further, 82 of the 86 variants 
called among 75 offsprings (95.3%) could be traced back to their parents in the correct allelic number.  
The C4A loss-of-function variant rs760602547 (G/GCT) showed complete allelic match when comparing 
samples with overlapping targeted sequencing data and WGS data (nindividuals) = 6), and when comparing 
transmission from parents to offspring in WGS trios (ntrios = 10). 
 

4. Validation of HLA allele calls 
4.1. Calling of HLA 
HLA alleles of the 6 genes HLA-A, -B, -C, -DPB1, -DQB1 and -DRB1 were called at 2-field (i.e. 4-digit) 
resolution from sequencing data using xHLA (18). Prior to analysis, reads in the extended HLA region (chr6:29-
34mb) and unmapped reads were remapped to chromosome 6 of the GRCh38 reference, and duplicate reads 
were discarded. 
 
4.2. Validation using lab-typed HLA calls for DRB1 
For 61 individuals, HLA-DRB1 had been previously typed at 2-field (4-digit) resolution by direct Sanger 
sequencing (BGI, Shenzhen, People’s Republic of China). Comparison of lab-typed DRB1 alleles and calls from 
targeted sequencing data using xHLA (18) showed a 100% allelic match at 2-field resolution. 
 

0.00

0.25

0.50

0.75

1.00

31985000 31990000 31995000 32000000
Position on chromosome 6 (bp)

Fr
ac

tio
n 

of
 a

lte
rn

at
ive

 a
lle

le

0.00

0.25

0.50

0.75

1.00

31985000 31990000 31995000 32000000
Position on chromosome 6 (bp)

Fr
ac

tio
n 

of
 a

lte
rn

at
ive

 a
lle

le



- 9 - 

4.3. Transmission of HLA alleles from parents to offspring in WGS trios 
As additional approach to validate the tool xHLA (18) for calling HLA alleles, we assessed whether HLA alleles 
called in offsprings could be traced back to their parents by using WGS data from 75 parent-offspring trios in 
which the offspring had been diagnosed with SLE (15). Briefly, read mapped to chr6:29000000-34000000 
(GRCh37) and unmapped reads were remapped to GRCh38, duplicate reads discarded, and 2-field (i.e. 4-digit) 
alleles were called for HLA-A, -B, -C, -DPB1, -DQB1 and -DRB1 using the tool xHLA. 
We next evaluated whether the alleles called among the 75 offsprings could be traced back to the parents for 
each of the 6 HLA genes (900 HLA alleles in total). The correct transmission pattern was observed for 99.6% of 
all alleles with 4 wrong allele calls in either the offspring or one of the parents (HLA-A for one trio, -DQB1 for 
one trio, and -DPB1 for two trios), therefore showing a high agreement for HLA calls. 
 
4.4. Comparison of HLA calls from WGS vs. targeted sequencing data 
We next compared 2-field HLA calls for overlapping samples with both targeted sequencing data and WGS data 
(n = 45 SLE patients). For the 6 HLA genes, allelic match between calls from targeted sequencing data and 
WGS data was seen for 95.0% of all genes, and for individual genes, an allelic match of 97.8% (HLA-A), 96.7% 
(-B), 84.8% (-C), 94.6% (-DPB1), 98.8% (-DQB1), and 97.8% (-DRB1) was seen.  
 

5. C4b deposition on heat-aggregated human IgG 
MaxiSorp plates were coated overnight at 4°C with 5 µg/ml heat-aggregated IgG in phosphate buffered saline 
(PBS) pH 7.4. PBS with 1% bovine serum albumin (BSA) was coated as control. Plates were blocked for 2 
hours at room temperature with 1% BSA in PBS. Sera were diluted in GVB++ buffer (2.5 mM veronal buffer 
[pH 7.3], 150 mM NaCl, 0.1% gelatin, 1 mM MgCl2, 0.15 mM CaCl2) and incubated for 20 min. at room 
temperature. Deposited C4b was detected with a polyclonal rabbit anti-human C4c antibody (Dako cat. Q0369) 
followed by HRP-conjugated polyclonal swine anti-rabbit antibody (Dako cat. P0399). Plates were developed 
using TMB one (Kementec), and absorbance was measured at 450 nm with 620 nm as reference wavelength 
using a Cytation-5 multi-mode reader (BioTek). Unspecific binding to 1% BSA resulted in Abs450nm-620nm < 0.02. 
 

6. Consortia 
6.1. The DISSECT consortium 
Lars Rönnblom (Department of Medical Sciences, Rheumatology, Uppsala University, Uppsala, Sweden), 
Gunnel Nordmark (Department of Medical Sciences, Rheumatology, Uppsala University, Uppsala, Sweden), 
Ingrid E. Lundberg (Division of Rheumatology, Department of Medicine Solna, Karolinska Instituttet, 
Karolinska University Hospital, Stockholm, Sweden), Johanna K. Sandling (Department of Medical Sciences, 
Rheumatology, Uppsala University, Uppsala, Sweden), Pascal Pucholt (Department of Medical Sciences, 
Rheumatology, Uppsala University, Sweden), Lina Hultin Rosenberg (Science for Life Laboratory, Department 
of Medical Biochemistry and Microbiology, Uppsala University, Uppsala, Sweden), Sergey V. Kozyrev 
(Science for Life Laboratory, Department of Medical Biochemistry and Microbiology, Uppsala University, 
Uppsala, Sweden), Maija-Leena Eloranta (Department of Medical Sciences, Rheumatology, Uppsala 
University, Uppsala, Sweden), Andrei Alexsson (Department of Medical Sciences, Rheumatology, Uppsala 
University, Uppsala, Sweden), Matteo Bianchi (Science for Life Laboratory, Department of Medical 
Biochemistry and Microbiology, Uppsala University, Uppsala, Sweden), Christine Bengtsson (Department of 
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Public Health and Clinical Medicine/Rheumatology, Umeå University, Umeå, Sweden), Roland Jonsson 
(Broegelmann Research Laboratory, Department of Clinical Science, University of Bergen, Bergen, Norway), 
Roald Omdal (Department of Internal Medicine, Stavanger University Hospital, Stavanger, Norway), Øyvind 
Molberg (Department of Rheumatology, Oslo University Hospital, Oslo, Norway), Ann-Christine Syvänen 
(Department of Medical Sciences, Molecular Medicine and Science for Life Laboratory, Uppsala University, 
Uppsala, Sweden), Andreas Jönsen (Department of Clinical Sciences Lund, Rheumatology, Lund University, 
Skåne University Hospital, Lund, Sweden), Iva Gunnarsson (Division of Rheumatology, Department of 
Medicine Solna, Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden), Elisabet 
Svenungsson (Division of Rheumatology, Department of Medicine Solna, Karolinska Institutet, Karolinska 
University Hospital, Stockholm, Sweden), Solbritt Rantapää-Dahlqvist (Department of Public Health and 
Clinical Medicine/Rheumatology, Umeå University, Umeå, Sweden), Anders A. Bengtsson (Department of 
Clinical Sciences Lund, Rheumatology, Lund University, Skåne University Hospital, Lund, Sweden), 
Christopher Sjöwall (Department of Biomedical and Clinical Sciences, Division of Inflammation and Infection, 
Linköping University, Linköping, Sweden), Dag Leonard (Department of Medical Sciences, Rheumatology, 
Uppsala University, Uppsala, Sweden), Kerstin Lindblad-Toh (Science for Life Laboratory, Department of 
Medical Biochemistry and Microbiology, Uppsala University, Uppsala, Sweden and Broad Institute of MIT and 
Harvard, Cambridge, MA, USA), Jonas Carlsson Almlöf (Department of Medical Sciences, Molecular 
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