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Outline

1. Introduction of immunity

2. Single cell TCR and BCR

3. Analysis of scTCR and scBCR data 1：from 10X Genomics raw data (.fastq format) to 

contig files by cellranger vdj

4. Analysis of scTCR and scBCR data 2：scRepertoire
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What is immunity？
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In 2024, it is the 50th anniversary of the founding of Cell. To commemorate this milestone, Cell plans to 

launch a year-long series of anniversary events, including a special issue on Immunology. On April 25th, Cell 

published an editorial article, emphasizing that immunology is a field for everyone, playing a crucial role in 

multiple areas such as tumor immunology, neuroimmunology, immunometabolism, and reproductive 

immunology. On the same day, Cell published three heavyweight reviews, covering adaptive immunity, innate 

immunity, and discussions on the latest perspectives in immunology, providing a comprehensive 

interpretation of human immunology.

Immunity is very important, and a hotspot in life science research
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B cells, CD4+ T cells, and CD8+ T cells acquire multiple differentiation fates during a normal immune response. 

Naive T cells and B cells are quiescent cells. Upon activation, these cells undergo clonal expansion and acquire 

effector function (effector phase). Following pathogen control, most effector cells undergo apoptosis 

(contraction), leaving long-lived memory cells to provide continued immune surveillance (memory). 

Adaptive immune cell states and the primary response
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Here are the seven hallmarks of adaptive immunity: antigen 

specificity (contributed by antigen receptor rearrangement and 

antigen presentation);  clonal expansion and contraction 

(contributed by antigen, co-stimulation, cytokines, and nutrients; 

quiescence exit; and a balance of cell proliferation and death); 

effector functions (mediated by B cell antibody responses, CD4+ T 

cell helper function, and CD8+ T cell cytotoxicity); memory 

response (contributed by recall response and self-renewal of 

memory cells); exhaustion or functional adaptation (contributed by 

chron i c  an t igen  s t imu la t ion ,  se l f- renewa l ,  and  hypo-

responsiveness); tissue adaptation (presented as protective tissue 

immunity and tissue homeostasis); and self versus non-self 

discrimination (contributed by central and peripheral tolerance). 

The hallmarks of adaptive immune responses
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(A) Left: naive CD4+ T cells become activated via TCR activation 

combined with co-stimulation and further respond to cytokines in 

the microenvironment to differentiate into Th1, Th2, Th17, and Tfh

cells. These effector T cells express the unique transcription factors 

T-bet, Gata3, RORgt, and Bcl6, respectively, and produce distinct 

cytokines. Specifically, Th1 cells produce IFNg; Th2 cells secrete IL-

4, IL-5, and IL-13; Th17 cells synthesize IL-17, IL-21, and IL-22; and 

Tfh cells generate IL-4 and IL-21. Right: the schematic highlights 

the representative interconnectedness in the plasticity between 

CD4+ helper T cell subsets. T helper cells with plasticity can display 

phenotypes from two distinct CD4+ T cell lineages.

(B) Left: memory CD8+ T cells can de-differentiate from a subset 

of effector cells or arise directly from stem-like memory precursors 

that are derived from antigenstimulated naive T cells.

Major types of adaptive immune responses, including effector, memory, 
exhausted T cell,  and regulatory T cell responses

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有

国
家
生
物
信
息
中
心
版
权
所
有



Functional importance of lymphocytes in non-lymphoid tissues in 
maintaining tissue immunity and homeostasis
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TIL, CAR-T, and TCR-T are three prominent cellular immunotherapies 

for cancer. For TIL therapy, T cells are isolated from the tumors for 

expansion and reinfusion into tumor patients; for CAR-T cells, CARs 

are engineered to recognize surface antigen independently of MHC-

mediated antigen presentation; for TCR-T, a specific TCR gene 

recognizing the tumor antigen is ectopically expressed in T cells to 

expand tumor-specific T cells for tumor killing, which requires 

peptide-MHC (pMHC) expression on tumor cells. For CAR-T or TCR-

T therapies, new strategies have been developed to modify 

intracellular signaling pathways in these tumor-specific T cells to 

enhance tumor killing, such as CRISPR-mediated genome editing of 

the TRAC or PDCD1 locus or introduction of payloads (e.g., 

cytokines like IL-15 and dominant-negative [DN] TGF-β receptor) 

expressed on T cells. These strategies increase the antitumor 

function in these cellular therapies.

Engineering adaptive immune responses for cell- and antibody-based therapies
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The generation of antigen receptor (TCRs and BCR)  diversity are 
generated by the process of V(D)J recombination

The generation of antigen receptor diversity. TCRs and 

BCRs are generated by the process of V(D)J recombination, 

which involves the fusion of separate V, D (on TCRβ and 

heavy chains), and J segments. Depicted is a TCRβ-chain 

recombination. Subsequent mRNA splicing brings the 

constant region together with the V(D)J fusion. This 

process can result in a vast potential diversity, which is 

only minimally represented in any individual organism. 

The distribution of probabilities for an individual TCR to 

recombine in an individual varies over 20 orders of 

magnitude.
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TCR and BCR for diagnosis of many disease

B cell receptors (BCRs) and T cell receptors (TCRs) allow these immune 

cells to recognize and respond to specific antigens on pathogens and 

sometimes the body’s own tissues. The genes encoding BCRs and TCRs 

are generated by random recombination of segments in the genome of 

individual cells during their development, and have potential as a diverse 

set of sequence biomarkers associated with immune system activity.

BCR and TCR populations change after exposure to pathogens, after 

vaccination, and in response to autoantigens in autoimmune conditions, 

reflecting clonal expansion and selection of B cells and T cells during 

immune responses. Sequencing and interpreting BCR and TCR genes 

could provide a single diagnostic test for simultaneous assessment of 

many diseases.

Front. Immunol, 2021

Immunome-based diagnostic testing
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TCR/BCR and deep learning

Recently, numerical feature representations of BCRs or TCRs derived from neural network methods, including 

protein language models and variational autoencoders, have been applied to immune state classification and 

for predictive applications such as therapeutic antibody optimization.

Nat Commun, 2021
DeepTCR: a deep learning framework for revealing sequence concepts within T-cell repertoires
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The main detection objects of scTCR (single-cell TCR sequencing) and 
scBCR (single-cell BCR sequencing)

TCR and BCR are two distinct receptors, differing in both structure and function. 
• TCR V(D)J recombination: The majority of TCRs are composed of α and β peptide chains (90-95%), while a minority of T cells 

have TCRs composed of γ and δ peptide chains. Each peptide chain can be divided into several parts. The most important part of 
them is the variable region. The variable region of the α chain is encoded by V and J gene segments, while the variable region of 
the β chain is encoded by V, D, and J gene segments.

• BCR V(D)J recombination: BCR contain two heavy chains (H) and two light chains (κ or λ). The heavy chain is divided into the 
variable region and other contact regions. The variable region of the light chain is encoded by V and J gene segments, while the 
variable region of the heavy chain is encoded by V, D, and J gene segments.

• CDR3: The BCR/TCR has a region known as the CDR, which plays a crucial role in antigen recognition. The CDR consists of CDR1, 
CDR2, and CDR3. Among them, CDR3 is formed by the encoding of V, D, and J genes, which has a higher degree of diversity and 
directly determines the antigen-binding specificity of TCR/BCR.

TCR BCR
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10X Genomics library preparation of 5’scRNA and scTCR/scBCR
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10X Genomics library preparation of 5’scRNA and scTCR/scBCR
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10X Genomics library preparation of 5’scRNA and scTCR/scBCR
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10X Genomics scRNA+scTCR/scBCR rawdata in .fastq format

Path to rawdata/scRNA: Path to rawdata/scTCR: Path to rawdata/scBCR:

Same filename in different directory, just the same filename, not the same file!
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10X Genomics scRNA+scTCR/scBCR rawdata in .fastq format
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Cellranger vdj: rawdata → contig files

Example cmd in shell:

https://www.10xgenomics.com/support/software/cell-ranger/latest

Example output:
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Content of contig files

less Sub01/outs/all_contig_annotations.csv:
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3. Analysis of scTCR and scBCR data 1：from 10X Genomics raw data (.fastq format) to 

contig files by cellranger vdj

4. Analysis of scTCR and scBCR data 2：scRepertoire
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scRepertoire in action

https://www.borch.dev/uploads/screpertoire/
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scRepertoire in action

https://www.borch.dev/uploads/screpertoire/
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Unpublished data

Integration of scTCR/scBCR and scRNA data

Calculate the distribution of clonotypes with different abundances across 

various cell types (function: DimPlot): It was found that in healthy 

individuals, mild patients, and severe patients, the clonotypes with the 

highest frequency in each group were mainly located in CD8+ effector T 

cells (CD8 TEM). Moreover, as the severity of the disease increased, the 

abundance of clonotypes in all types of T cells generally rose gradually.

scRNA

scTCR control scTCR mild disease scTCR severe disease
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Use a stacked bar chart to calculate the proportion of clonotypes with different abundances in 

each cell type (function: clonalOccupy): As the disease severity increases, the abundance of 

clonotypes in all types of T cells generally rises gradually. The most significant changes are 

observed in CD4+ cytotoxic T cells (CD4 CTL), CD8+ proliferating T cells (CD8 Proliferating), 

CD8+ effector T cells (CD8 TEM), mucosal-associated invariant T cells (MAIT), and γδ T cells 

(gdT).

scTCR control scTCR mild disease scTCR severe disease

Integration of scTCR/scBCR and scRNA data

Unpublished data
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Thank you!
http://jianglab.group
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