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[ Abstract | The immune system is characterized by complexity, diversity, and plasticity. Current research on the
composition and dynamic changes of the immune system is limited to its population effects, and cannot fully reflect its
heterogeneity. The emergence of single-cell technology has revolutionized our understanding of immunology. Single-cell
RNA sequencing (scRNA-seq) is currently the most widely used single-cell technology, capable of analyzing a single cell or
molecule to reveal the immune response under physiological or pathological conditions. This article provides a comprehensive
review of the general process, development, and application of scRNA-seq in immunology, and discusses its future
development in immunology.
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Fig1 Scheme of scRNA-seq (by FigDraw)

scRNA-seq: Single-cell RNA sequencing; LCM: Laser capture microdissection; FACS: Fluorescence activated cell sorting; MATQ-seq:

Multiple annealing and dC-tailing-based quantitative single-cell RNA sequencing; SMART-seq: Switching mechanism at 5" end of the

RNA transcript; Drop-seq: Droplet-based single-cell RNA sequencing; STRT-seq: Single-cell tagged reverse transcription sequencing.
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scRNA-seq: Single-cell RNA sequencing; STRT-seq: Single-cell tagged reverse transcription sequencing; CEL-seq: Sensitive highly-
multiplexed single-cell RNA sequencing; SMART-seq: Switching mechanism at 5’ end of the RNA transcript; MARS-seq: Massively
parallel RNA single-cell sequencing; CytoSeq: Gene expression cytometry; Drop-seq: Droplet-based single-cell RNA sequencing;
inDrop: Indexing droplet RNA sequencing; SPLiT-seq: Split pool ligation-based transcriptome sequencing; sci-RNA-seq: Single-

molecule combinatorial indexing RNA sequencing; DroNC-seq: Massively parallel single-nucleus RNA sequencing.

H i P scRNA-seq 5 ARAT 4 Filal (2 1) 1, (indexing droplet RNA sequencing, inDrop ) Fl 10x
55 1 PSRRI ] FACS KSR 2t o3t 5 A e S5 Genomics. 5 3 PR FRA AL, BN & w75+
PRI 96 FLEY, 384 LR, SRSEXTHANMMEIES SRICRSREER AT LIS 3 B AS TR A S B A s
FRCHNE, f03% MARS-seq2.0 ' Fl SMART-seq3. R, TPV 5 45 Seq-Well Al Microwell-seq
A T R e 1D 3 E N L R K Gk e SERO s AR A ET], BT R RRRIC
B R R | BB AN T =T K i = 914 TRA SRR AH LAY, 4 sci-RNA-seq REfE LA
i oligo-dT MUREERFEHLEAS &, SR 5 X Ab 35 0 AR AR AR A R B AR . BEAD, Lovatt
THHEATIN, BEASTE — U S g0 ot BT 7 B 48 AU TR PR AT, TR B 23
M #1743 M1, £135 Drop-seq. 5| RNA ¥ (RSN E 7S ] S SN SRS ot wy =l N i pan



e 148 - WEEERFHR 2024 4E2 H, 45 %

%1 47 scRNA-seq AL [V

Tab1 Comparison of 4 scRNA-seq methods t

Drop-seq/inDrop/ ~ Seq-Well/  SPLiT-seq/

Adtribute MARS-seq2.0/SMART-seq3 10x Genomics Microwell-seq sci-RNA-seq
Tissue atlas generation + ++ + +++
Rare population profiling + + L _
Mechanistic studies with large number of experiments +++ + + _
TCR/BCR sequencing +++ -+ + _
Alternative splicing and isoforms profiling +/+++ + — —
Integration with protein markers ++/+ et - _
Compatible with fixed samples - ++ — i
Compatible for infectious disease/field work - - 4+ _
“+7, “++7, and “+++” indicate the relevant advantage, “—"" indicates that the specific technology is lacking the attribute.

scRNA-seq: Single-cell RNA sequencing; MARS-seq: Massively parallel RNA single-cell sequencing; SMART-seq: Switching
mechanism at 5" end of the RNA transcript; Drop-seq: Droplet-based single-cell RNA sequencing; inDrop: Indexing droplet RNA

sequencing; SPLiT-seq: Split pool ligation-based transcriptome sequencing; sci-RNA-seq: Single-molecule combinatorial indexing

RNA sequencing; TCR: T cell receptor; BCR: B cell receptor.
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AR R Rp R AARRLEE, 2 U NKT A CD56 il

/NELCD27 CD11b" NK 4 ifl, NK2 & A CD56™"
FU/NEL CD277CD11b~ NK 4iifits (& 3B)
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AHIE Y V(D) AR4u e EEHE, T LA TCR A1 BCR 351 0]
YER T 210 B AN B 241 0 5 P i R AR 5 .- Stubbington
2 151 IR 45 745 1 4~ DA scRNA-seq & & TCR [ T. 2.
TRaCer, M 4K mRNA 1) scRNA-seq £% #& £ il
TCR SR RIRMZHEME. TRaCer AJ DL ISR IRECH
AN TCR IR AP L5, HK e T 24
Jiifs V(D) R BT REAL A 1) TCR 2553t 4565
SEZLN PP A TCR EE 4 AR i/F 22 S B 417 bk L 4 v
3P ARG R Y S S P oy 2 (] N7 BR R o Rizzetto
41260 1 4% 7 VDIPuzzle. BASIC 2 HAiE—%11h
B A i ATE, R — A AT41%E V(D) ZIK)T
FRTTEE 7 o LAk 3 ROy T A R s
AW, AR BRI V(D) EA PR T
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A: Human tonsil and small intestine CD127" ILC include all of the previously characterized ILC subpopulations (ILC1, ILC2, and

ILC3) and NK and scRNA-seq allowed for the discovery of further heterogeneity of ILC subpopulations; B: scRNA-seq not only

revealed the heterogeneity of NK in the blood and spleen, but also identified 2 major NK subsets transcriptionally similar across

organs and species. sSCRNA-seq: Single-cell RNA sequencing; ILC: Innate lymphoid cell; NK: Natural killer cell; ROR: Retinoic acid

receptor-related orphan receptor; IFN: Interferon; IL: Interleukin; CCL: C-C motif chemokine ligand.
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A: Single cell shows progression of differentiation align with
a “pseudotime”; B: Cell trajectory analysis involves biological
processes such as the progression of stem cells towards terminal
differentiation fate, the initial immune cell response to infection,
and the adaptation of circulating immune cells to their eventual
resident tissue; C: Pseudotime branching trajectory inferred

from scRNA-seq data generated from a mouse malaria infection

model. scRNA-seq: Single-cell RNA sequencing.
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