
SUPPLEMENTARY METHODS 

Patient selection 

Peripheral blood was collected from RA, SLE, pSS and polyautoimmunity patients 

and healthy individuals recruited at the Shantou central hospital. Health individuals 

were gender-, ethnicity- and age-matched. All subjects signed informed consent. 

Bulk RNA sequencing (Bulk RNA-seq) 

Sequencing libraries were generated using NEBNext® UltraTM RNA Library Prep 

Kit for Illumina® (NEB, USA) following the manufacturer’s recommendations. The 

libraries were sequenced on Hiseq PE150 platform according to the manufacturer’s 

recommendations (Illumina) at Novogene Bioinformatics Institute, Beijing, China. 

Finally, 150 bp paired-end reads were generated. 

Raw data (raw reads) of FASTQ format were first processed through 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 from raw data. 

Raw reads were aligned to human reference genome (hg19). Sequencing data were 

checked for sequencing quality by FASTQC. Gene expression levels were estimated 

the using Fragments Per Kilobase of transcript sequence per Millions base pairs 

sequenced (FPKM) values. 

Differential gene expression and gene ontology analyses 

Differential expression analysis was performed using the DESeq2 R package 

(1.16.1).
1
 P-values were adjusted using the Benjamini and Hochberg’s approach to 

control the false discovery rate (FDR). Genes with an FDR and fold-change found by 

DESeq2 were considered differentially expressed. Scatter plots were created using 

ggplot2 version 2.2.1 in R, to visualize the top differentially expressed genes.  

The Database for Annotation, Visualization and Integrated Discovery (DAVID v6.8) 

was used for gene ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 

(KEGG) pathway analyses (http://david.abcc.ncifcrf.gov/home.jsp).
2
 The intra-cluster 

redundancies and inter-cluster similarities were assessed using Metascape 

(http://metascape.org).
3
 

Database and enrichment of transcription factor 
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The official list of Human TFs was obtained from 

(http://humantfs.ccbr.utoronto.ca/download.php).
4
 The upregulated TFs were 

subjected to enrichment using ChIP-X Enrichment Analysis Version 3 (ChEA3, 

https://amp.pharm.mssm.edu/ChEA3).
5
  

 

Immune cell composition  

We performed an extensive evaluation of cell type proportion estimation algorithms 

including xCell
6
, ABIS

7
 and CIBERSORTx.

8
 

Cell type enrichment scores were computed by running xCell on the full TPM gene 

expression matrix. For neutrophils we compared xCell enrichment scores with 

estimates from CIBERSORTx, using the built-in LM22 signature matrix with TPM 

gene expression matrix. For neutrophil LD, we performed ABIS that used a reference 

profile matrix normalized for cell type-specific mRNA abundance instead of 

correcting estimated abundances by a scaling factor for the peripheral blood 

mononuclear cell (PBMC) with TPM gene expression matrix.  

Websites:  

xCell: https://xcell.ucsf.edu/ 

ABIS: https://giannimonaco.shinyapps.io/ABIS/ 

CIBERSORTx: https://cibersortx.stanford.edu/ 

 

RNA extraction and reverse-transcription quantitative PCR (RT-qPCR) 

Total RNA from tissues was extracted and was reverse-transcribed into cDNA using 

PrimeScript RT reagent Kit with gDNA Erase kit (Takara, Mountain View, CA, USA). 

The expression of mRNAs was determined using SYBR Green qPCR Master Mix 

(Low ROX) (MedChemExpress CO., Ltd, Shanghai, China), according to the 

manufacturer’s instructions. The relative expression level of the target was calculated 

using the comparative Ct method. The β-actin was used as an internal control to 

normalize the sample differences. Detail sequences of primers are shown in online 

supplementary table S5. 
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Single Cell RNA sequencing (scRNA-seq)  

Single cells were sequenced using the 10x Genomics platform. 

(1) Preparation of single-cell suspensions: isolation of peripheral blood mononuclear 

cells (PBMCs) from undiluted human blood utilized the Histopaque solution 

(Sigma-Aldrich, St. Louis, MO). Total 10 µl of suspension was counted under an 

inverted microscope with a hemocytometer. Trypan blue was used to quantify live 

cells. 

(2) Single-cell library construction: Chromium Single cell 3′Reagent v3 kits were 

used to prepare barcoded scRNA-seq libraries, according to the manufacturer’s 

protocol. Isolated PBMCs were encapsulated using microfluidics technology and 

barcoded using a unique molecular identifier. cDNA was prepared using the 

manufacturer’s specifications. 

(3) Processing of single-cell RNA sequencing: cDNA library sequenced on Illumina 

HiSeq PE150 system.  

(4) Raw data processing and quality control: data was demultiplexed using Cell 

Ranger software (version 2.2.0)
9
 which generated FAST-Q files, which were aligned 

to a human reference genome (GrCh38). Cell Ranger produced a raw unique 

molecular identifier 
10

 count matrix, which was converted into a Seurat object by the 

R package Seurat (version 3.0.0).
11

 Cells with doublets and low-quality were removed 

based on UMI number and 15% mitochondrial gene expression. Genes were filtered 

based on expression by a minimum number of cells (3) and cells filtered based on a 

minimum number of genes (100). 

Since samples from 3 patients were processed and sequenced in batches, patient 

number was used to remove potential batch effect. In this process, top 3000 variable 

genes were used to create potential Anchors with FindIntegrationAnchors function of 

Seurat. Subsequently, IntegrateData function was used to integrate data and create a 

new matrix with 3000 features, in which potential batch effect was regressed out. 

(5) Cell clustering and dimensionality reduction: Clustering was performed by 

Seurat’s algorithm using highly variable gene expression. Principal component 

analysis (PCA) was used for dimension reduction and the Elbow Plot function was 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) Ann Rheum Dis

 doi: 10.1136/annrheumdis-2021-220066–7.:10 2021;Ann Rheum Dis, et al. Wang Y



used to identify the number of PCAs to use for clustering on an integrated data matrix. 

T-distributed stochastic neighbor embedding (t-SNE), and uniform manifold 

approximation and projection (UMAP) were used to further reduce dimensionality 

and plot single cells into 2 dimensions.  

(6) To delineate the hierarchy and development relationship between megakaryocyte 

subpopulations, the Monocle 2 package (v2.12.0) was used to reconstruct pseudotime 

trajectories.
12

 Pseudotime was calculated using all partitions to facilitate the 

identification of progenitor cells. 

(7) Single-cell regulatory network inference and clustering using SCENIC (version 

1.1.2).
13

 AUC, which identifies and scores gene regulatory networks or regulons in 

single cells, was calculated using AUCell. Binary expression and AUC heatmap with 

hierarchical clustering were generated.  

(8) To identify potential cell-cell communications between megakaryocyte and other 

cell types (CD4
+
 T, CD8

+
 T cells and low-density granulocytes), applied the 

CellphoneDB algorithm had been applied to the scRNA-seq profiles.
14

 

(9) We got the proportion of each megakaryocyte subpopulation by dividing the 

numbers of cells by the total number of cells in different groups. 

 

Single-cell 5′and V(D)J sequencing 

Amplified cDNA was used for 5’ RNA-seq library generation and TCR V(D)J 

targeted enrichment using the 10x Genomics Chromium Single-Cell V(D)J 

Enrichment Kit, Human T Cell. 5′RNA-seq and TCR V(D)J libraries were prepared 

following the manufacturer’s user guide (10x Genomics). Single-cell TCR V (D)J 

libraries were multiplexed and sequenced on Novaseq 6000 (Illumina) to obtain 

minimum of 5000 paired-end reads (150×150 bp) per cell.  

TCR sequences were assembled and paired clonotype calling were performed 

using following Cell Ranger VDJ protocol against the GRCh38 reference. T cell 

clonotypes were distinguished by the nucleotide sequence of the rearranged TCR. To 

identify TCR clonotype for each T cell, only cells with at least one TCR a chain (TRA) 

and one TCR b-chain (TRB) were remained. 
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Flow cytometry and cell sorting 

Single-cell suspensions were prepared from peripheral blood mononuclear cells 

(PBMCs), and then were stained with conjugated antibodies. The more details of 

antibody panel had been provided in the online supplementary table S6. Flow 

cytometric analysis were conducted on a FACSAriaII flow cytometer (BD 

Biosciences). Data were analyzed with FlowJo (version 10.6.2) software.  

 

Statistical analyses 

Statistical analyses were performed using Kruskal-Wallis test or Kruskal-Wallis test 

for the comparison among groups. The test was conducted by GraphPad Prism 9.0 

(GraphPad Software, Inc.,San Diego, CA, USA). 
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