
SUPPLEMENTARY METHODS 

Family ascertainment 

Familial autoimmunity was defined as aggregation of diverse autoimmune diseases 

(RA, pSS or SLE) in first-degree relatives of patients within families.1 Five families 

with familial autoimmunity were identified and presented three patterns, RA-pSS (2 

families), SLE-pSS (2 families) and SLE-RA (1 family). 

DNA library construction and whole-exome sequencing (WES) 

Peripheral blood samples were collected from participating subjects and genomic 

DNA were obtained using the Purelink Genomic DNA Mini Kit (catalog no. 1820-02; 

Life Technologies, Invitrogen TM) according to manufacturer’s protocol. The 

germline genomic DNA was subjected to exome capture (60 Mb) with the Agilent 

SureSelect Human All ExonV6 kit according to manufacters' instructions (Agilent, 

Santa Clara, CA). Paired-end sequencing, resulting in 150 bases from each end of the 

fragments, was performed using a HiSeq PE150 Genome Analyzer (Illumina) by the 

Novogene Bioinformatics Institute (Beijing, China).  

 Sequencing data analysis: reference alignment and variant calling 

Raw data (raw reads) in FASTQ format (.fq) were processed though in–house Perl 

scripts. In this step, clean data (clean reads) were obtained by removing reads 

containing adapter, reads containing ploy-N and low quality reads ( 5) from raw data. 

At the same time, Q20, Q30, error rate and GC content of clean data were calculated. 

All the further analysis was based on the high quality clean data. Sequencing reads 

were mapped to the human reference genome (UCSC hg19) using the Sequence 

Alignment/Map Tools (SAM Tools, version 1.0) and were analyzed using the Genome 

Analysis Toolkit (GATK, version 3.1) for calling single nucleotide variants, insertions 

and deletions. Quality-based filtering was performed according to the following 

parameters: (1) mapping quality above 50, (2) quality by depth above 4.0, (3) 

Phred-scaled quality score of variant above 20.  

Next, minor allele frequency (MAF) of variant was annotated according to the basis 

of dbSNP (v.137), 1000 Genomes Project data (August 2015, Chinese; 

http://browser.1000genomes.org/index.html), the NHLBI Exome Sequencing Project 
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Exome Variant Server (ESP6500; http://evs.gs.washington.edu/), Exome Aggregation 

Consortium (ExAC; http://exac.broadinstitute.org/) and Novogene Bioinformatics 

Institute in-house exomeSeq databases, including 2573 exomes. Only missense, 

frameshift, nonsense, and splice-site variants were selected. Pathogenicity predictions 

by multiple in silico functional analysis, SIFT (score <0.05), PolyPhen-2 (score 

0.825), CADD (score >20) and GERP++ (score >2) were used to predict the impact 

of each missense variant on protein function. These different prediction software 

programs utilize algorithms to calculate the potential damage caused by a nucleotide 

variant by determining the likelihood of the substituted amino acid to affect protein 

function. 

Variant filtering  

The step-wise filtering was performed to identify potentially pathogenic variants 

according to the following criteria: (1) variants were co-segregated by pSS/RA/SLE 

phenotype based on autosomal dominant and recessive modes of inheritance; (2) 

minor allele frequency (MAF) of variants were less than 0.01 in 1000 Genomes 

Project, ESP6500, ExAC and in-house exomeSeq databases; (3)  variants leading 

missense, frameshift, nonsense, and splice-site; (4) “pathogenic” missense variants 

were predicted to be damaging in at least 3 of the 4 algorithms, including SIFT, 

PolyPhen-2, CADD and GERP++. 

Gene prioritization 

To narrow down the variants, we placed variant prioritization in the wider context of 

gene prioritization, and we performed manual searches of the gene function linking to 

immune-related processes from the available literature and Online Mendelian 

Inheritance in Man (OMIM) database for each family. The schematic flowchart of 

filtering variants is provided in Supplementary figure S1.  

Functional enrichment and pathway analysis 

To determine whether the candidate genes showed enrichment for specific biological 

process and pathways, Gene-set was input into The Database for Annotation, 

Visualization and Integrated Discovery (DAVID, http://david.abcc.ncifcrf.gov) for 

Gene Ontology (GO, biological processes) term enrichment analysis and Kyoto 
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Encyclopedia of Genes and Genomes (KEGG) pathway analysis.2 The significantly 

enriched GO terms were visualized using REVIGO (http://revigo.irb.hr/).3 The 

interactive visualization of GO Networks was generated by Metascape 

(http://metascape.org/gp/index.html).4 

Overlapping analysis 

To observe whether the variant or gene was shared among multiple pSS/RA/SLE 

families, we compared our candidate gene sets and visualized common genes using 

Venny (http://bioinfogp.cnb.csic.es/tools/venny). 

Sanger sequencing validation 

To confirm the candidate variants from WES and their co-segregation with disease 

phenotype in non-WES family members, Sanger sequencing was conducted. Primers 

for the amplification of the exons carrying variants were designed by using Primer3 

(primer sequences, see supplementary table S1).  

Linkage analysis 

The genotype data were extracted from VCF files, and with an SNP per 0.3 cM and 

minor allele frequency (MAF) ≥5% were be used for analysis according to the 

annotation file prepared for HapMap Phase II SNPs. Then, the genotype data were 

formatted for linkage analysis by ALOHOMORA version 0.33.5 

Genome-wide multipoint parametric linkage analysis was performed using 

GENEHUNTER version 3.0.6 A population disease allele frequency of 0.1000 was 

specified, along with a fully penetrant dominant genetic model.7 

Expression of candidate genes in blood immune cell types 

CellTypeScore of genes across blood cell types were DICE (database of immune cell 

expression, expression quantitative trait loci [eQTLs], and epigenomics) project 

(https://dice-database.org/).8 

T cell proliferation analysis 

Peripheral blood mononuclear cells (PBMCs) were obtained from patients and their 

unaffected relatives who provided informed consent. Mononuclear cells were isolated 

(PYTHONBIO, Guangzhou, China). PBMCs (1×105/well) were incubated in 96- well 

plates by stimulation with anti-CD3/CD28 (clone OKT3/Clone CD28.2, eBioscience, 
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California). The CCK-8 solution (MedChem Express, NJ, USA) was added into each 

well, and the cells were incubated at 37∘C for 2h. The sample absorbance was then 

recorded at 450 nm for cell proliferation. All the above experiments were performed 

according to the manufacturer’s protocol. 

ELISA for T cell activation 

Cells were treated the same as above. The IL2, IL4 and IL17 (R&D Systems, 

Minneapolis, MN, USA) content in the supernatant were measured with ELISA kits 

following the manufacturer’s protocol. 
Statistical analyses 

The unpaired Student T test was conducted using SPSS software version 16.0 (SPSS 

Inc., Chicago, IL, USA). 
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