
Supplemental Methods 

Data Access and TCR repertoire recovery 

To build our database of rheumatoid arthritis-associated TCR repertoire, we searched the GEO 

and EBI databases for RNA-sequencing studies of rheumatoid arthritis patients. From this 

search, we identified two large, independent cohorts (GSE89408 and PEAC, E-MTAB-6141) 

with available raw sequencing data. From database records we noted that these studies were 

completed and publicly released prior to 2017 (GSE89408) and 2018 (PEAC). Raw .fastq files 

were processed through TRUSTv41 to recover TCR sequences. Since these TCR sequences were 

extracted from bulk sequencing data, where recovery of paired TCRαβ clones is not possible, we 
retained only TCRβ sequences to perform clonotype-level analysis. Because recovery is 

performed on RNAseq data, full sequences for the key complementarity-determining region 3 

(CDR3) region are consequently obtained along with the relevant variable (V) and joining (J) 

segments used, an advantage over older profiling analyses that only identify patterns to the usage 

of V-J genes. However, because these TCR sequences are extracted from bulk samples 

containing heterogeneous cell types, the TCR data of TRUST-reconstructed repertoires is 

intrinsically biased towards high-frequency clonotypes that are more likely to be captured, and is 

likely to miss lower frequency naïve/memory clones normally identified in focused deep 

sequencing of the TCR repertoire in individual patients, representing a tradeoff of breadth versus 

depth. Clonotype diversity metrics were computed using the abdiv2 package in R3.   

TCR Clustering 

To cluster TCR sequences, we utilized the GLIPH2 algorithm4 using the default v2.0 reference 

and allowing for select interchange of amino acids with positive BLOSUM-62 matrix scores. 

Resulting paratope-based TCR clusters were visualized as networks in Gephi5, with nodes in 

each cluster connected by bi-directional edges. Smaller networks were distributed in 

visualizations using the Frutcherman-Reingold algorithm, while larger networks were distributed 

using the faster Yifan Hu proportional model. Node sizes were adjusted to reflect clonal size 

where indicated. Edges connect all nodes encompassing TCR sequences of the same paratope 

specificity group. Because some sequences were predicted to potentially be a part of more than 

one specificity group, some nodes are correspondingly connected to more than one group.  

Online Database    

A dedicated web server of the synovial TCR sequences extracted from rheumatoid arthritis 

patients, together with their clustered annotations, is accessible at (http://repertoire.life) (redirects 

to http://118.24.236.198:3838/RA). The database is an ongoing effort that allows visitors to 

browse and search for TCR sequences of interest, as well as motifs associated with specific 

pathogens of interest with annotated antigens. The website was constructed using the shiny6 

package in R, and also contains logo visualizations drawn using the ggseqlogo7 package in R.  
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Human Samples and TCRseq 

Synovial fluid samples from four established RA patients and high disease activity (DAS28 > 

5.1) undergoing therapeutic joint fluid aspiration were collected at the First Affiliated Hospital 

(Southwest Hospital) of Army Medical University. Mononuclear cells were isolated from 

synovial fluid via gradient centrifugation over lymphoprep (StemCell, USA), washed, and 

subsequently stained with antibodies against CD3ε, CD19, CD4, CD8a, CD57 (all BD 

Biosciences, USA) and together with a viability dye (Zombie-NIR, Biolegend, USA). The 

CD19-CD4-CD3+CD8+ cells were sorted into CD57+ and CD57- fractions through FACS (Aria 

III, BD Biosciences, USA) and collected for TCR repertoire sequencing. TCR libraries were 

constructed following a method previously described8,9. Briefly, total RNA was extracted from 

the sorted cells using a commercially available kit (RNeasy, Qiagen, USA) and reverse 

transcribed using a universal human TCRB constant region primer. Multiplex PCR using 

optimized primers for each human variable chain gene, and sequencing was performed on the 

Illumina platform (Novaseq, Illumina USA). Raw sequence data was processed through 

MiXCR10 to obtain processed clonotypes and their corresponding frequencies.   
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