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BREAKTHROUGH
of theYEAR

Development cell by cell

With a trio of techniques, scientists are tracking embryo
development in stunning detail
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Technique

*
Chromium Smart-seq2&SMARTer Others**

Organism

Human Mouse&rat Plant Others*

RiEaE (ARXERFN)

P
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*
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Cell numbers used in 1,244 single-cell transcriptome studies
(Cell numbers of 30 studies on plants are boxed )

Chen et al,. Current Issues in Molecular Biology, 2021



10x Genomics

Other techniques:
Drop-seq, CEL-seq, CEL-seqg2, Smart-seq,
Smart-seq2, MARS-seq2, BD Rhapsody,
DNBelab C4, mcSCRB-seq, Stereo-seq.
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(barcode/UMI/pre-index)
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Drop-seq single cell analysis
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1000s of DNA-barcoded single-cell transcriptomes
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Sequencing and Analysis
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SRS SR ST RS (
RNA-SEQ)

AbFE#1 R FE#2 AbFE#3
\EEHE  FEAHL PR FEN#3 FEMHL FESH2  FEM#3 FEA#L FRN#2  FREE#3
S [A#1
SR #2

FL[R#n

*n = BEREERERYE (—REB/LATER)



BB YR A% SR 4H B 45 14

R\ 40 ZH R #1 ZH R #2 o o o ZH g #m

*n = BREEIRERLGE (—REBLADEED ; m= 1000 JLANHEME L+



SUHIE CEREEE. . AL

BEE (FERAM™ER “Dropout” IHK)

f
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I
A1BG A1BGAS A1CF A2BP1 A2LD1 A2M A2ML1 A4GALT  A4GNT AAA1

1.404616 1.757044 0.000000 0.000000 2.307636 0.000000 0.000000 2.370025 0.000000 0.000000
1.927680 2288482 0.197928 0.000000 4.201412 0.000000 0066143 4.025129 0.000000 0.023830
2274438 0637149 1.717926 0.000000 4.561651 0.000000 0.142233 3.114005 0.000000 0.092718
1538771 1.474944 0.187155 0.000000 2640166 0.000000 0.000000 1.800865 0.000000 0.000000
2437088 3.674402 0.101381 0.024059 2.531369 0.024685 0.000000 0.468862 0.000000 0.000000
1.619967 2759249 1.540268 0.000000 2.7883901 0.000000 0.056481 3.080599 0.000000 0.000000
2390071 0638948 2.021838 0.000000 3.862575 0.000000 0.000000 0.432018 0.000000 0.000000
1.798858 2571043 2320211 0876816 3.592684 0.000000 0.000000 2286957 0.000000 0.209902
0.349417 0.000000 4.407571 1.650986 6.862476 0.000000 2.596210 2474485 0.000000 0.020369
3.229663 1613466 3.592402 1.584856 6.605950 0.000000 0.956878 2.963343 0.000000 0621838
1.806970 0.000000 3.811961 0.522018 6.566639 0.074005 2.152969 2.350321 0.000000 0.138615
2.339468 1.933793 2.688015 2.307222 6.800992 2.113804 1.856218 2.676042 0.000000 0.45284S
3625971 2662882 0.499015 0.818577 5.483361 0.000000 1.237776 3.051841 0.000000 0.000000

3.286611 4.108935 1.585425 0.090460 5.744220 0.000000 0.048301 3.837878 0.000000 0.000000

2.494667 0.000000 0.000000 0.043461 5.254121 0.000000 1.407083 4,0C01533 OQCLC0S 0.003000

2422673 1976069 2683376 0.112772 5.024625 0.000000 0.009785 3.451741 0.000000 0.000000




Raw data processing
Ciluatering

!

Cluster annotation

Marker identification

Normalization

Differontial expression

)
Data correction (e.g. batch) Feature selection

BEFORE

Gene dynamics

IL ’ ‘

Pseudotime

Metastable states

.

FLHAZ LR PEMEZE  (Luecken and Theis, 2019)



SCDNA-seq or
bulk DNA-seq data

Cardelino, Trisicell

DENDRO, SASC

peco,
iTalk, CellTalker, reCAT, Cyclum,CYCLOPS, CCPE

CellPhoneDB, CellCall,
SingleCellSignal
scTensor
n of significant genes and & GENIE3, GRNBoost,

Ligand-recept PCA to reduce dimensionality SCENIC, WGCNA, SCODE
interaction dat

Hierarchical clustering
(pcaRedude, CIDR)
k-means clustering (Sc3),
Graph-based Clusteri
(PhenoGraph, Seurat, Scal

TSCAN, Slingshot,
dynve etc.
Cell
reference

Automatic
cell tyy
identification

muth

Sorter, kil ks
\ SCINA. etc (label transfering)

Manual Manual
annotation : - annotation

BT HriEZE 2 — (Khozyainova et al., 2023)
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NATUTIE Integrative single- cell analysis
Rahul Satija

New York Genome Center

Cell surface proteins
e CITE-seq”
* REAP-seq”!

» FACS*¥ : s
Intracellular = Spatial position

protein * MERFISH! 07108100
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' = * STARmap™

DNA

methylation

* scBS-seq’’

s snmC-seq" \ g o

® sci-MET" § i mRNA )

* scGESTALT* Genome A - Histone . Drop-s§q
®ScarTrace” sequence modifications *InDrop®
o LINNAEUS* * SNS? Chromatin e scChiP-seq*#  * Smart-seq2’

* MEMOIR? * SCl-seq'® accessibility ® \1/’\R S-S("q : e
* sCATAC-seq'? . 1_0)\'C-enom|cs
* sciATAC-seq'* * SP‘llT—seq" ‘
* scTHS-seq" * sci-RNA-seq’

* 10X Genomics

NEW YORK

GINOME CENTER

Protein

b

Multimodal analysis

Pseudotime
* Monocle™’
* Wishbone™
¢ Velocyto’
» Diffusion™

lype cells in situ




(1) Sample prepraration

(2) Single-cell RNA sequencing

Disaggregation

Complex
tissue
(i) Mechanical (ji) Enzymatic

; (dissection)
()

Single (v)
cells

Single-cell capture
and ceII Iy5|s

RNA capture and reverse transcription
(first-strand synthesis)

(iv) Selection
(FACS/MACS)

(iii) Filtering

mRNA < 444
mRNA “ <« 444

[Cell barcode]
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Droplets

Nanowells
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mRNA < 444

[Cell barcode]

Second-strand synthesis and cDNA
amplification (PCR, IVT)

Tagmentation

OR Fragmentation

.

= XX =
Library preparation
(3-or 5‘»bia5fd full-length)

-
\\ Sequencing (paired-end, sing|e~end)/

(4) Data analysis

Clustering and

Spatial tissue m?‘rlker identification

reconstruction i ! |
1) I\“ 1} I
m
KL ‘kl q!

L) |
v

Wlf”l \

Trajectory analy5|s

Component 2

Component 1

(3) Data processing

Reduced

dimensional space barcode
\ ey

Normalization
Imputation

,7J:\-

t-SNE 1

Feature selection

.
/

T

<

Cell-specific reads

TGACAATAAAGACT
TGACAAGTTACGT

Demultiplexing

Gene expression matrix < Quantification ¢ Mapping ¥

CellN
Reference genome
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SC RNA-
seq of

immune

First single-
cellmRNA
sequenced

First single-
cell exome
sequenced

Single-cell gPCR of
neurons,
Eberwine et al
)
S
>

of single human

First DNA-seq

cancer cell

S
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Single-cell
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(Paolillo et al., 2019)
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o NEYHPEEE %] (Human Cell Atlas, HCA)

' HUMAN

v Publications Data/DCP ~ Resources

CELL Homes About HCA -+ COVID-19 * Research News

ATLAS

MISSION

To create comprehensive reference maps of all human cells—the
fundamental units of life—as a basis for both understanding human

health and diagnosing, monitoring, and treating disease.

(www. humancellatlas. org)

«  HCATTLIE B %+l s AE A& R I AL i 2
“Chan Zuckerberg Initiative” 5B Chttps://data.humancellatlas.org/)
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National Library of Medicine

National Center for Biotechnology Information

Search NCBI single-cell

Literature

Bookshelf
MeSH

NLM Catalog
PubMed

PubMed Central

Genomes

Assembly
BioCollections
BioProject
BioSample
Genome
Nucleotide
SRA

Taxonomy

Genes

Gene

GEO DataSets
GEO Profiles
HomoloGene

PopSet

Clinical

ClinicalTrials.gov
Clinvar

dbGaP

dbSNP

dbVar

GTR

MedGen

OMIM

D
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44,928

0
@
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Single cell gene expression across species

0 ' Single Cell Expression Atlas
-

# Home & Browse experiments &. Download Release notes © Support

Search across 21 species, 355 studies, 10,505,726 cells

RE7T. K. HwInAIEXK

Show experiments of all species

 EBI/EMBL, Single Cell Expression Atlas)
https://www.ebi.ac.uk/gxa/sc/home
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HCA

@ BT-F‘;%EE#EE Explore Guides Metadata Pipelines Analysis Tools Contribute APls Updates wy () =t

Mapping the Human Body
at the Cellular Level

Community generated, multi-omic, open data

) 288M (% 76K
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391 &/ 650
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PlantscRNAdb: A database for plant single-cell RNA analysis Chen et al., Mol. Plant, 2021

)

SB1hiz (2021-4): 4R, 292,55 MRCER; 52kR (2022-5): 8 M, £93.5 5 MRCER;
SB3hR (2023-8) : 15MFR, 11.55MRCER
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Off-target

Failed

Off-target

(Camp et al., 2018)
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Sciel‘lce Current Issue First release papers Archive About Vv

HOME > SCIENCE > VOL. 374, NO. 6574 )> PAN-CANCER SINGLE-CELL LANDSCAPE OF TUMOR-INFILTRATING T CELLS

RESEARCH ARTICLE = CANCER IMMUNOLOGY f ¥V in @ ® =

Pan-cancer single-cell landscape of tumor-
infiltrating T cells

NOIANG WANG

+10 authors Authors Info & Affiliations

SCIENCE -+ 17 Dec 2021 + Vol 374, Issue 6574 + DOl 10.1126/science.abe6474
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nature communications

A

Article https://doi.org/10.1038/s41467-023-38409-5

High-throughput single nucleus total RNA
sequencing of formalin-fixed paraffin-

embedded tissues by snRandom-seq
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We currently track 1567 tools...
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