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1. Introduction of immunity



Immunity is very important, and a hotspot in life science research

In 2024, it is the 50th anniversary of the founding of Ce/l To commemorate this milestone, Cel/ plans to
launch a year-long series of anniversary events, including a special issue on /mmunology. On April 25th, Cel/
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, Ce//published three heavyweight reviews, covering adaptive immunity, innate
immunity, and discussions on the latest perspectives in immunology, providing a comprehensive

interpretation of human immunology.

FoCelPress Cell 55 CelPress Cell Cell 2 CellPress
' Leading Edge L B Lasding Edge
Principles and therapeutic applications From periphery to center stage: Exploring new perspectives in immunology
of adaptive immuni i ; . ORI
ity 50 years of advancements in innate immunity ompmertof ercicogy. Yo ey St Wi, e Have, 7. USA
’::\?.‘:2:5:';- ‘.'.‘f.""’.",,w, o :;',v: .;'fw:?:lﬂcz"‘mr. e s Susan Carpeoter”* and Lukie Al O'Nelf Howard Mughes Mecicsl inirtatn, Chevy Craoss, MD, USA

‘Cartor for iection and Immmurety, Yate School of Medicins, Nes Hiven, CT, USA
Tarsebaun Conter Ior Thocradcal and Anayticsl Haman Biology, Yale Bchosl of Medicinn, New Haven, CT, LISA
Comesponience: RAML s edu 1AL

Tapariment of nmunciogy. University of Wastingion. Seartse, WA, LISA "Unsiversity of Cabtomia Santa Cruz. 1156 Hgh 51, Sonta Cruz. CA §6064, USA
Depurtmert of Host-Mcrote (steractions and Owpertrment of Inerunciogy, S5 Jude Clidhen's fesmsch Hosptal Memghas, TN USA ‘_’f""‘“ of Biochermiry and immunclogy Yf ¥ty Bomaccal Soences st Trrvty Golegs Duckn, Dubie, inkang
‘Comespondonce y MC) weluMP ) g PGET) Comesprondnon I ] wisc) LALD



Adaptive immune cell states and the primary response

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).
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Engineering adaptive immune responses for cell- and antibody-based therapies

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 T7RAC or PDCD7 locus or introduction of payloads (e.g.
cytokines like IL-15 and dominant-negative [DN] TGF-B receptor)
expressed on T cells. These strategies increase the antitumor

function in these cellular therapies.
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2. Single cell TCR and BCR



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
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BCRs are generated by the process of V(D)) recombination,
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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)) recombination: The majority of TCRs are composed of a and B peptide chains (90-95%), while a minority of T cells
have TCRs composed of y and & 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 a chain is encoded by V and J gene segments, while the variable region
of the B 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 (k or A). 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.
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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

Chromium Single Cell

Universal 5' Gene Expression

© This assay requires Chromium X/iX instrument Firmware v2.0 or newer. Refer to the Chromium X Series Firmware Update Procedure for

details
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i i S Chromium Universal 5' Gene Expression allows analysis of full-length, paired B-cell or T-cell receptor

(BCR/TCR) sequences, surface protein expression, and 5’ gene expression, all from a single cell.

Find user guides

Get started




10X Genomics library preparation of 5° scRNA and scTCR/scBCR
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3. Analysis of scTCR and scBCR data 1: from 10X Genomics raw data (.fastq format) to

contig files by cellranger vd|



10X Genomics scRNA+scTCR/scBCR rawdata in .fastq format

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

Sub@l_S1_Leo1 R1_001.
Sub@l_S1_Lee1 R2_001.
Sub@l_S1_Le02 R1_001.
Sub@1l_S1_Le02_R2_001.
Sub@l_S1_Lee3 R1_001.
Sub@1l_S1_Lee3 R2_001.

Sub@l S1 Leo1l Rl 001. : Sub@l S1 Lee1l R1 @e1.
Sub@l S1 Leo1 R2_001. : Sub@1l S1 Lee1 R2_001.
Sub@l_S1 Lee2 Rl 001. : Sub@l_S1 Leo2 Rl 001.
Sub@l S1 L@02 R2 001. : Sub@l S1 Lee2 R2 001.
Sub@l S1 L@03 Rl 001. : Sub@l S1 Le@3 Rl _001.
Sub@l_S1 Lee3 R2_001. : Sub@l_S1 Lee3 R2_001.

Sub@2_S1 L1 R1 001.
Sub@2_S1_Leo1 R2 001.
Sub@2_S1 L2 R1 001.
Sub@2_S1_L002 R2 001.
Sub@2_S1_L0e03 R1 001.
Sub@2_S1_L0e03 R2 001.

Sub@2 S1 L0l R1 001. - Sub@2 S1 Lol R1 001.
Sub@2 S1 L1l R2 001. - Sub@2 S1 LYl R2 001.
Sub@2 S1 1002 R1 001. - Sub@2 S1 L2 R1 001.
Sub@2 S1 1002 R2 001. - Sub@2 S1 L2 R2 001.
Sub@2 S1 L3 R1 001. - Sub@2 S1 L3 R1 001.
Sub@2 S1 L3 R2 001. - Sub@2 S1 Lee3 R2 001.

Same filename in different directory, just the same filename, not the same file!



10X Genomics scRNA+scTCR/scBCR rawdata in .fastq format
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Cellranger vdj: rawdata — contig files

Example cmd in shell:

/xtdisk/jiangl group/yuchw/software/cellranger-8.0.9/bin/cellranger vdj \
-id=Subol \
sample=Sub@l \

--reference=/xtdisk/jiangl group/yuchw/reference/10X ref/GRCh38/refdata-cellranger-vdj-GRCh38-alts-ensembl-7.1.0 \
-a /p300s/ligchA jianglgroup/ligchA/301 _LiPing/batchS 20250223/data/UDA_scTCR \

Example output:

[ligchA@loginb2:/p3

% 1s Sub@l/outs/
airr_rearrangement.tsv
all contig.bam

all contig.bam.bai
all_contig.fasta

all contig.fasta.fai
all contig.fastq

all contig annotations.bed concat_ref.bam.bai
all contig annotations.csv | concat ref.fasta
all contig annotations.json concat ref.fasta.fai

cell_barcodes.json
clonotypes.csv
concat_ref.bam

consensus.bam
consensus.bam.bai
consensus.fasta

r]

consensus. fasta.fai metrics_summary.csv
consensus_annotations.csv vdj contig info.pb
donor_regions.fa \ ferencs
filtered contig.fasta web_summary.html
filtered contig.fastq
filtered contig annotations.csv

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



Content of contig files

less Sub01/outs/all contig annotations.csv:

barcode,is cell,contig id, high confidence,length,chain,v gene,d gene,j gene,c pene,full length, produktlwe fwrl, furl
.,348, TRB, TRBV27, , TRBJ1-5, TRBC1,

,511,TRB, TRBV12-3, , TRBJ2-1, TRBC2, !
., 449, TRB, TRBV25-1, , TRBJ2-1, TRBC2, 1

AAACCCATCAGCATTG-

AAACCCATCATTATCT -
AAACCGGAGATTCAGT -
AAACGCTGTGTTCGCT -

AAAGCCTGTAGTCGCA
AAAGCGTAGCGTAGCT
AAATGACCACACGTCA

AAATTGCTCAAGTCCA-
AACACCCAGCTCAGTA-
AACACGCTCCGTACAA-
AACCCCGAGAGCGTGA-
AACGAAGGTAGGCCCG-
AACGCATGTCTCGCCA-
AACTACCCACAAGCCC-

AACTAGAAGCGAACAG
AACTCTACAATACCTA
AAGCAAGGTCACCGLC
AAGCCAGAGATCGATT

AATCTAGGTGCTCGTT

AATGGCACAGTGCATT
AATGGGTAGAGGAGCC

AATGGGTAGAGGAGCC -
AATTACCAGCTCATGA-

-1,1 s AAGCCAGAGATCGATT
AAGCGGCAGAGAGTTA-
AAGCGTACAACGTTTA-
AATACAACACTGGAGG-
AATATGCTCACATATA-

1,%a S, AAACCCATCAGCATTG-1 contig 1,

1, AAACCCATCATTATCT-1_contig 1,
25 , AAACCGGAGATTCAGT-1_contig 1,
1,fa , AMACGCTGTGTTCGCT-1_contig 1,
1, , AMAGCCTGTAGTCGCA-1_contig 1,
1_contig 1,
1,1 , AAATGACCACACGTCA-1_contig 1,
1,false, AMATTGCTCAAGTCCA-1 contig 1,
1,false, AACACCCAGCTCAGTA-1 contig 1,1
1, false, AACACGCTCCGTACAA-1 contig 1,
1, yAACCCCGAGAGCGTGA-1 contig 1,
1, ,AACGAAGGTAGGCCCG-1_contig 1,
1, false,AACGCATGTCTCGCCA-1_contig 1,
1, , AACTACCCACAAGCCC-1_contig 1,
1,1 , AACTAGAAGCGAACAG-1_contig 1,
1,4 yAACTCTACAATACCTA-1 contig 1,
1_contig 1,
-1_contig 1,
1, false, AAGCGGCAGAGAGTTA-1 contig 1,
1, ,AAGCGTACAACGTTTA-1 contig 1,
1, JAATACAACACTGGAGG-1 _contig 1,
1, false, AATATGCTCACATATA-1 contig 1,
-1, false, AATCTAGGTGCTCGTT-1_contig 1,
AATCTGGTCCCCTAGC-
AATGCCCAGAAGGTTA-

1, s AMAGCGTAGCGTAGCT

1,1  AAGCAAGGTCACCGCC

1,fa ,AATCTGGTCCCCTAGC-1_contig 1,
1,4 y AATGCCCAGAAGGTTA-1_contig 1,

1, ,AATGGCACAGTGCATT-1_contig 1,
1_contig 1,
-1_contig 2,
1,f , AATTACCAGCTCATGA-1_contig 1,

1,1 , AATGGGTAGAGGAGCC
1,1 , AATGGG TAGAGGAGCC

Sub@1/outs/all contig annotations.csv

., 483, TRB, TRBVS -

,512,TRB, TRBV7-9, , TRBJ2-3, TRBC2,

>

=2
v-J |

e,

,362, TRB, TRBV7-3, TRBD1, TRBJ2-1, TRBC2, tr

,433,TRB,
, 549, TRB, TRBV30, ,TRBI2-7,TRBC2,tru
396, TRB, TRBV6-2,,,,f »

',BOB,IRA,FRAV17,,TRAJAA,, e,
,479,TRB, TRBV2@-1, , TRBJ1-6, TRBC1, |

,491,TRB, TRBV7-2, ,TRB12-5,TRBC2,

,445,TRB, TRBV20-1, ,TRBJ2-3,TRBC2, 1
,462,TRB, TRBV28, ,TRBJ2-1,TRBC2,tru

,489,TRB, TRBV7-3, , TRBJ1-2, TRBC1, t1
,572,TRB, TRBV7-3, ,TRBJ1-4, TRBC1,

,422,TRB,
,502,
,352,

TRB, TRBV7-2, ,TRBI2-2,
TRA, TRAV9-2, ,TRAJ37,TRAC,

¢,466,TRB, TRBV5-1,, TRBI1-2, TRBC1, t

,410,TRB, TRBV7-3, ,TRBI1-1,, :

,479, TRA, TRAV38-2/DV8, , TRAI53, TRAC,
.,665, TRB, TRBV4-1, , TRBJ2-7, TRBC2,

,499,TRB, TRBV7-3, , TRBJ1-1,TRBC1,

1,,TRBI1-4,TRBCI, t
45,TRD, TRDV1, , TRBJ1-1, TRBC1,

,521,TRB, TRBV7-9, , TRB12-7, TRBC2, t1

,501, TRA, TRAV27, , TRAJ26, TRAC,, 1

,477,None, , , TRAJ38, TRAC,

,401,TRA, TRAV13-1,, , TRAC,

TRBVS-6, ,TRBJ2-1, ,true, tru

TRBC2,tru

TRBV4-1, , TRBJ2 ?,,7VG~,T.m

Piblyllvll!'llldgqﬂll)ll

Y13

Cl

22303003

Y13

e,

t

5550333 CALMDGSGNTGKLIF,

18,5 553325 CANSVQSGSLEQYF,

nt,cdrl,cdrl nt,fwr2, fwr2 nt,cdr2,cdr
33333333333 CASSFDLVGPOHF , TGTGCCAGCAGTTTCGATTTAGTAGGAC
1€, 553323333 CASSLISGVNNEQFF , TGTGCCAGCAGTTTAATTAGCGGGGT
U2, 5355932395 CASSEPGLEQFF, TGTGCCAGCAGTGAACCGGGGCTTGAGCA
-,,,,,,,,,,,LASRHPIRTD*OYF TGTGCCAGCCGGCACCCGATCAGGACAG
'y ! y333333sssCASSLGGRGEQFF, TGTGCCAGCAGCTTAGGCGGGAG
533333 CASSOAPWVVINYEQYF , TGCGCCAGCAGCCAGGCCCCGTGGGTGGTG
TGTGCCTGGAGTGTACAAAGCGGGAGCCT
s039933%1,5,

ue ,,,,,,,,,,,LSARKGNSPLHF,TGCAGTGC1AGGAAGGGGAATTCACCCCT
) 5233sssssCASSLGYEQETQYF , TGTGCCAGCAGCT TAGGGTACGAACA
s s5335sssssCSARDSGGADTQYF , TGCAGTGCTAGAGAT TCCGGGGGTGC

w,,,,,,,,,,,CASS“LAG[N[Q'F TGTGCCAGCAGTCCACTﬂGCGGGAGAGAA

,,,,,,,,,,,LASSFRVGY[AFF,TbTbLCAGLAbLTTLAGGbTAGGCALT
y333ss s CASSLATGEQFF, TGTGCCAGCAGCTTGGCAACAGGTGAGCAGTTCTT
vy s 333y CASSSRGGYSGELFF, TGTGCCAGCAGCTCCCGGGGAGGATAC
TGTGCTCTGATGGACGGC TCTGGCAACA

333335353 CASSLATNYGYTF , TGCGCCAGCAGCTTGGCCACCAACTATGG
3333333 CASSFRVGTEAFF, TGTGCCAGCAGCTTCAGGGTAGGCACTGAAGC
LrUE, , 55559330 CAYRSSGGSNYKLTF, TGTGCTTATAGGAGTAGTGGAGGT
©,5 535333233333 CASSHGLAGAYEQYF , TGCGCCAGCAGCCACGGACTAGCGGGEG
2535533533333 CASSFRVGTEAFF , TGTGCCAGCAGCTTCAGGGTAGGCACTGA

1€, 5555539 CASSLTGPLEEKLFF , TGCGCCAGCAGCTTAACCGGGCCTCTG

)22

 ssssssssss CALGSOGWTEAFF, TGTGCTCTTGGGTCACAGGGTTGGACTGA
B, 30553032y sCASSSQGTKWEQYF , TGTGCCAGCAGCTCCCAGGGGACGAAGT
v 53533y CAGPNFVF , TGTGCAGGACCAAATTTTGTCTTT, , ,5364,1,,,

p)-»v;ylpr;zg)]vyv
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4. Analysis of scTCR and scBCR data 2: scRepertoire



scRepertoire in action

scRepertoire m Getting Started Install Vignettes ~ News/Changelog Reference FAQ

scRepertoire

Introduction fore

s@Reper
v} ¢

Single-cell sequencing is an emerging technology in the field of immunology and oncology that allows .
researchers to couple RNA quantification and other modalities, like immune cell receptor profiling at the level of
an individual cell. A number of workflows and software packages have been created to process and analyze single-cell transcriptomic
data. These packages allow users to take the vast dimensionality of the data generated in single-cell-based experiments and distill the
data into novel insights. Unlike the transcriptomic field, there is a lack of options for software that allow for single-cell immune receptor
profiling. Enabling users to easily combine RNA and immune profiling, the scRepertoire framework supports use of 10x, AIRR, BD,

MiXCR, Omniscope, TRUST4, and WATS3R single-cell clonal formats and interaction with popular R-based single-cell data pipelines.

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



scRepertoire in action

scRepertoire [EXX}
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Applying Deep Learning to VDJ d:

scRepertoire is compatible and integrated with the R packi
receptor and |bex for the B cell receptor. If you are interest
see immApex.

Loading Data
Combining Contigs into Clones

Additional Processing

Basic Clonal Analysis

Visualizing Clonal Dynamics
Summarizing Repertoires

Clonal Diversity, Rarefaction, and Overlap

Clustering Sequences by Edit Distance

Combining Clones and Single-Cell Objects
Visualizations for Single-Cell Objects

Quantifying Clonal Bias

Making Deep Learning Models with immApex
Combining Deep Learning and TCRs with Trex
Combining Deep Learning and BCRs with Ibex

Single-cell Gene Set Enrichment Analysis
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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.
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Integration of scTCR/scBCR and scRNA data

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 y& T cells (gdT).
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Thank you!

http://jianglab.group
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