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Reconstruction of antigen receptor sequences from single-cell RNA-sequencing (scRNA-seq) 

data allows the linking of antigen receptor usage to the full transcriptomic identity of individual B 



 

 

lymphocytes, without having to perform additional targeted repertoire sequencing (Rep-seq). 

Here we report BraCeR (freely available at https://github.com/teichlab/bracer/ and as 

Supplemental Software), an extension of TraCeR [1], for reconstruction of paired full-length B-

cell receptor sequences and inference of clonality from scRNA-seq data (Supplementary Note 

1). 

 

BraCeR builds on the well-verified pipeline of TraCeR for assembly of BCR sequences from 

paired-end or single-end reads, modified to account for somatic hypermutations (SHM) and 

isotype switching (Supplementary Notes 2 and 3). In addition, a ‘Build’ mode facilitates the 

creation of resource files for the analysis of species beyond human and mouse. 

 

BraCeR was tested against experimental human and mouse scRNA-seq data with various SHM 

rates and repertoire diversities [2, 3]. The reconstruction accuracy was similar to that of BASIC, a 

previously reported tool for BCR reconstruction [2]. Comparatively, BraCeR yielded a  

reconstruction efficiency that was somewhat superior for the long (125 bp) reads and similar to 

BASIC for short (50 bp) reads (Supplementary Note 4 and Supplementary Tables 1-7). 

Importantly however, BraCeR allows for reconstruction of additional heavy and light chains 

present in a cell, and it can identify non-productively rearranged chains; we validated BCR 

reconstruction (including additional sequences) by direct comparison with targeted BCR-

sequencing in plasma cells  (Supplementary Note 5 and Supplementary Tables 8-9). It is also 

possible to provide BraCeR with FASTA files containing BCR sequences assembled by other 

means or determined by single-cell Rep-seq for downstream analyses. 

 

BraCeR further improves upon BASIC by using the reconstructed sequences to infer clonal 

https://github.com/teichlab/bracer/


 

 

relationships and perform immunoglobulin lineage reconstruction. BraCeR identifies the isotype 

of each reconstructed BCR and collapses highly similar reconstructed sequences in a cell. It then 

quantifies the expression of the BCR sequences and identifies the most highly expressed chains 

for each locus in each cell. Potential cell multiplets or cross-cell contaminations are reported, and 

are by default removed from downstream analyses (Supplementary Note 6). 

 

Clonally related cells are grouped into clonotypes based on the reconstructed chains in each cell. 

Productively rearranged reconstructed BCRs for each locus are grouped into clones based on V- 

and J-gene assignments using custom Python scripts and a previously described method for 

comparison of CDR3 sequence similarity [4] (Supplementary Note 7). Clonal networks are 

constructed based on shared clonal heavy and light chains and then visualised (Fig. 1A). As an 

optional feature, BraCeR can also use existing tools [4-6] to construct lineage trees for each 

group of clonal cells (Fig. 1B), with the inferred germline sequence as outgroup, facilitating 

linkage of transcriptomic phenotype to the evolution of immunoglobulin sequences 

(Supplementary Note 8).  

 

With an easy-to-use command-line interface, BraCeR provides a complete pipeline for clonal 

inference and lineage tracing of B cells; raw scRNA-seq reads can be processed all the way to 

clonal networks and lineage trees. Additional output includes summary files and graphs 

summarising reconstructed sequences and isotype usage. BraCeR also creates tab-delimited 

database files according to the Change-O Data Standard [4], thus facilitating further analysis of 

the reconstructed BCR sequences using additional downstream tools. BraCeR aims to follow the 

recommendations of the Adaptive Immune Receptor Repertoire (AIRR) Community 

(http://airr.irmacs.sfu.ca). 

http://airr.irmacs.sfu.ca/


 

 

 

Details on methods and experimental design are described in the Supplementary Methods, 

Supplementary Notes, Life Sciences Reporting Summary and Supplementary Table 10. 

 

Data availability 

Raw reads from our verification experiment are available under controlled access through the 

European Genome-phenome Archive (EGA). Due to the sensitive nature of patient-derived data 

only the BCR-derived reads were extracted and deposited under accession numbers 

EGAN00001781663 through EGAN00001781675. The demultiplexed targeted BCR-seq data is 

deposited under accession numbers EGAN00001719670 through EGAN00001719682. 

Supplementary Figure SN4.2 has associated raw data. 
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Figure legends 

Figure 1. Clonal network (A) and lineage trees (B) for each clonotype defined by BraCeR for a 

human plasmablast scRNA-seq dataset [2]. 
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