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Single cell technology is becoming a powerful tool in many area

Integration Single-Omics

Sun, F, Li, H., Sun, D. et al. Single-cell omics: experimental workflow, data analyses and applications. Sci. China Life Sci. 68, 5-102 (2025).




Timeline of scRNA-seq

Drop-seq (Macosko et al.)
INnDrop (Klein et al.)

CytoSeq (Fan et al.)
SUPeR-seq (Fan et al.)
SC3-seq (Nakamura et al.)
MALBAC-RNA (Chapman et al.)

2015

Smart-seq2 (Picelli et al.)
Quartz-seq (Sasagawa et al.)
DP-seq (Bhargava et al.)

2013

First scRNA-seq
method (Tang et al.)

2009

11
2012

STRT-seq (Islam et al.)
CEL-seq (Hashimshony et al.)
Smart-seq (Ramskdld et al.)

2017

2016

Perturb-seq (Dixit et al.)

CEL-seq2
(Hashimshony et al.)

Patch-seq (Fuzik et al.)
Div-seq (Habib et al.)

2014
MARS-seq (Jaitin et al.)
SCRB-seq (Soumillon et al.)

STRT-seq
(Hochgerner et al.)

DroNC-seq (Habib et al.)
sci-RNA-seq (Cao et al.)
MATQ-seq (Sheng et al.)
ICELLS8 (Goldstein et al.)
Seqg-Well (Gierahn et al.)

Chromium (Zheng et al.)

snDrop-seq (Lake et al.)

MARS-seq2.0 (Keren-Shaul et al.)
MULTI-seq (McGinnis et al.)

Hydro-seq (Cheng et al.)
DNBelab C4 (Liu et al.)

-2

2018
RamDA-seq (Hayashi et al.)
SPLiT-seq (Rosenberg et al.)
Quartz-Seq2 (Sasagawa et al.)
mcSCRB-seq (Bagnoli et al.)

(Hagemann-Jensen et al.)

2019

snRMNA-seq2 (Richter et al.)
FisnRNA-seq (Long et al.)
Smart-seqg-total (Isakova et al.)
mbDrop-seq (Dohn et al.)

2021

2020
scNT-seq (Qiu et al.)
MAPS-seq (Park et al.)

Smart-seq3

DNTR-seq
(Zachariadis et al.)

&
2022
Mux-seq (Rashmi et al.)

CellenONE-ICELLS
(Shomroni et al.)
Smart-seg3xpress
(Hagemann-Jensen et al.)
VASA-seq (Salmen et al.)
FLASH-seq (Hahaut et al.)
Live-seq (Chen et al.)
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scRNA-seq library preparation: droplet by 10X Genomics
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Outline

2. Analysis of scRNA-seq data 1: from 10X Genomics raw data (.fastq format) to cell x gene

raw count matrix by cellranger count



10X Genomics library preparation of 3° scRNA

Product support

Chromium Universal 3' Gene Expression Universal 5' Gene Expression
3' gene expression profiling at scale with single cell 5' gene expression alongside V(D)J repertoire profiling and
resolution. antigen specificity of T and B cells.
Flex Gene Expression Epi Multiome ATAC + Gene Expression
Fixed RNA Profiling assay for comprehensive probe-based Combined profiling of 3' gene expression and chromatin
gene expression profiling with single cell resolution. accessibility from the same cell.
Epi ATAC
Chromatin accessibilility profiling at the single cell level.

https://www.10xgenomics.com/support



10X Genomics library preparation of 3° scRNA

Chromium Single Cell

Universal 3' 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

What is Universal 3' Gene Expression?

Chromium Single Cell Universal 3' Gene Expression provides single cell transcriptome 3' gene expression

alongside the detection of surface protein expression in tens of thousands of cells.

Find user guides Get started



10X Genomics library preparation of 3° scRNA

Documentation

w
L
L

Experimental Design & Planning

Plan ahead by referring to the list of
equipment, kits, and reagents needed for
Single Cell Gene Expression.

Library Construction

Construct a sequencing-ready single cell
fibrary by following our step-by-step User
Guide f Protocol.

L]

A

Software Analysis

Analvze your single cell data using our
pipelines, visualization, and Cloud Analysis
tools.

We provide resources from protocols, user guides, and frea-to-use analysis tools.

V

Sample Prep

Prepare optimal single celi/nuclei suspension

by following our Demonstrated Protocols.

©

Targeted Gene Expression (Optional)
Use pre-designed or custom panels for
targeted gene expression, foliowed by
sequencing and data analysis.

e/

L====4

Instruments

Refer to instrument-specific documents for
seamless instrument operation.

]
Sequencing

Sequence your single cell library as per our
provided recommendations.



10X Genomics scRNA rawdata in .fastq format

Path to rawdata/scRNA:

Sub@l S1 Lol R1 001.fastq.gz [SuUb02_S1 1001 R1_001.fastq.
Sub@l S1 L@@l R2 @0l1.fastq.gz [Sub02_S1 L001 R2_001.fastq.
Sub@l S1 L0902 R1 001.fastq.gz JSub02_S1 1002 R1 001.fastq.
Sub@l S1 L@02 R2 001.fastq.gz JSube2 S1 L@02 R2 001.fastq.
Sub@l S1 L@e3 Rl 001.fastq.gz Sub02 S1 Lee3 Rl 00l1.fastq.
Sub@l_S1 L @e3 R2 001.fastq.gz JSube2 S1 L0903 R2 001.fastq.

@A00511:134:HLLKIDSXX:4:1101:3360:1016 1:N:0:CCACTTAT
AATGGAAAGGGTTAATTTTGGCAATGGTCTAATATCTTATTTTTTTTTTTTTTTTTITTTTTTTTTTAAAATTTAATTTAAAAAAAAAAAATAAAAAAAATAAAAAAAAAAAATTTTTTTGTTTTTTTTGGTTAATTGTTGGGGGTAAAAA
+
FFFFFFFFFFFFFFFFFFFFFFFFFFFF,F,,,,,,F, ,FFFFFFFFFFFFFFFFFFFF, FFFF,, :F, ,FFF,,,,, tFFF,F:,F,F,,F:FF,,,,,, tFFFFFFF,,,:,,:F,F,,, ,FF:, tF, ,F:F,F,: ,FFF, ,F:,,
@AG0511:134:HLLKIDSXX:4:1101:6108:1016 1:N:0:CCACTTAT
GCCATGGCAGCACGAAAACTACATAGGGATAAGATTAAATTTTTTTTTTTTTTTTTTTTAAAAAAATGAAAAAGTAATATAAAAATAAAAAAAAAAAAAAAAAAAAAAACCAAAAAAAT TAAAAAAAATATAAAACCACACCCAACAAAA
+

:tFF,:,,F:FF,FFFF:: :FFF:F, 21 :F: :F,F,FFFFFFFFFFFFFFF, ,FFFF:F, FFF,,:,F,, ,FFF,, ,F,F,F,,,,,,tFtFFeFFF, ,F,,,,F, F5, 555555285 FFF, 5 tF, tFFF, ,FF,F,,,,,,,F,FF
@A@0511:134:HLLKIDSXX:4:1101:9796:1016 1:N:0:CCACTTAT
ATGGTTGAGCAGCCTCTCGTCTTCTTGGCTAATATATTATTTTTTTTTTTTTTTTTTTTTATTTTTAAAAAAATTTTTTTTTTTTTTTTTTAATTTTAAAAGATTTAAAAAAAAAAACAAAAAACAAAAAAAACACCCCCACAAARATTA
+

FFFFFFFFFFFFFFFFFFFFFFFFFFFF, FFF:FFF, , :FFFFFFFFFFFFFFFFFFFF:, :,, F,FFF, ,F,FFFF:FFFFF:FFF,F,, ,F,F,Ft,,,,,,F,F,F,,,,,FF::FF,,,:,tFFF,,,, tFFFF,,F,,1,,%,,




10X Genomics scRNA rawdata in .fastq format

Publications

REA OF INTEREST SPECIES TISSUE TYPE JOURNAL 10X GENOMICS PRODUCT

Cancer Research (1773) Mouse (3531) Tumor - solid (1187) Cell Reports (358) Universal 3' Gene Expression (7264) v
Immunology (1551) Human (3068) Brain (1056) Nature (293) Universal 5' Gene Expression (1488)
Developmental Biology (1392) Zebrafish (120) Blood (707) Cell (277) Spatial Gene Expression for Fresh Frozen (713)
Neuroscience (1174) Other - Mammal (81) Lung (492) Cell Stem Cell (208) Linked-Reads Genomics (431)

Cell Biology (791) Primate (70) Bone Marrow (382) Science Advances (166) Epi ATAC (407)

Computational Method (400 Plant (69) Stem Cells (387) Epi Multiome ATAC (274)

Cell Atlas (372) Drosophila (68) Organoid (350) Spatial Gene Expression for FFPE (136)

In Situ Gene Expression (52)
Flex Gene Expression (27)

Single Cell CNV (25)



Cellranger count: rawdata — cell x gene raw count matrix

Example cmd in shell:

/data/biosoft/big/cellranger-9.0.1/cellranger count \
--id test \
--transcriptome /data/ref/refdata-gex-GRCh38-2020-A \

--fastgs /data/biosoft/big/scRNA \
--create-bam true \

--localmem 30 \

--localcores 10

Example output:

(base) [big@training test]$ 1l outs
total 8652
drwxrwxr-x.
-rW-rw-r--.
drwxrwxr-x.
-PW-PW-r--.

big big 74 Jun 26

big big 858097 Jun 26

big big 73 Jun 26 - filtered_featurs natrix
big big 352493 Jun 26 - filtered_feature_bc_matrix.h5
big big 640 Jun 26 - metrics_summary.csv

big big 896972 Jun 26 - molecule_info.h5

big big 3087802 Jun 26 - possorted_genome_bam.bam

big big 1488208 Jun 26 - possorted_genome_bam.bam.bai
big big 73 Jun 26 - raw_feature_bc_matrix

big big 502438 Jun 26 - raw_feature_bc_matrix.h5

big big 4432121 Jun 26 - web_summary.html

-PW-rW-r--.
-rW-rw-r--.
-PW-PW-r--.
-PW-rW-r--.
drwxrwxr-x.
-PW-PW-r--.
-rW-rw-r--.

HRNRRBRRBRBRREBNNN

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



Content of three output files

big@training test|$ cd outs/filtered_feature_bc_matrix/
(base) [big@training filtered_feature_bc_matrix]$ 1s
barcodes.tsv.gz features.tsv.gz matrix.mtx.gz
(base) [big@training filtered_feature_bc_matrix]$ zcat barcodes.tsv.gz | head
AAACGAACAAGCTACT-1
AAACGCTAGGAGATAG-1
AAAGAACAGAATCGAT-1
AAAGGATCAATGGGTG-1
AAAGGATCAGATCCTA-1
AAAGGATTCCTAGCGG-1
AAAGGGCGTTTGAAAG-1
AAAGGTAGTCTTACTT-1
AAAGTCCCAACAGTGG-1
AAAGTCCCACAACCGC-1
(base) [big@training filtered_feature_bc_matrix]$ zcat features.tsv.gz | head
ENSGeeeee243485 MIR1382-2HG Gene Expression
ENSGeeeee237613 FAM13BA Gene Expression
ENSGeeeeelsces2 OR4AFS Gene Expression
ENSGeeeee238ee89 AL627389. Gene Expression
ENSGeeeee239545 AL627389. Gene Expression
ENSGeeeee239986 AL627389. Gene Expression
ENSGeeeee241860 AL627389. Gene Expression
ENSGeeeee241599 ALe27389. Gene Expression
ENSGeeeee286448 AP@©s222. Gene Expression
ENSGeeeee236681 AL732372. Gene Expression
(base) [big@training filtered_feature_bc_matrix]$ zcat matrix.mtx.gz | head
%%MatrixMarket matrix coordinate integer general
¥metadata_json: {"software_version": "cellranger-9.2.1", "format_version": 2}
36681 1359 1487
34658 1 2
31576 2 1
1548 32 1
36565 4 1
35379 5 1
5887 6 1
25618 7 1
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Seurat in action

Seurat n Install Get started Vignettes ~ Extensions FAQ News Reference Archive

SEURAT é R toolkit for single cell genomics Links

View on CRAN

Browse source code

Report a bug

License
Fulllicense
Seurat v5 MIT + file LICENSE
We are excited torelease Seurat v5! To install, please follow the instructions in our install page. This update brings the following Commu nity
new features and functionality: Code of conduct
¢ Integrative multimodal analysis: The cellular transcriptome is just one aspect of cellular identity, and recent technologies Citation

enable routine profiling of chromatin accessibility, histone modifications, and protein levels from single cells. In Seurat v5, we

introduce 'bridge integration’, a statistical method to integrate experiments measuring different modalities (i.e. separate Citing Seurat

scRNA-seq and scATAC-seq datasets), using a separate multiomic dataset as a molecular ‘bridge’. For example, we Develo pers
demonstrate how to map scATAC-seq datasets onto scRNA-seq datasets, to assist users in interpreting and annotating data
from new modalities. Rahul Satija

Author, maintainer
We recognize that while the goal of matching shared cell types across datasets may be important for many problems, users Satija Lab and Collaborators
may also be concerned about which method to use, or that integration could result in a loss of biological resolution. In Seurat o

v5, we also introduce flexible and streamlined workflows for the integration of multiple scRNA-seq datasets. This makes it
easier to explore the results of different integration methods, and to compare these results to a workflow that excludes
integration steps.

More about authors...

https://satijalab.org/seurat



Seurat in action

Install Get started Vignettes ~ Extensions FAQ News Reference Archive

[ PBMC 3K guided tutorial |

Links

View on CRAN

Data visualization vignette

SCTransform, v2 regularization
. . 5 Browse source code
Using Seurat with multi-modal data
- . - Report a bug
Seurat v5 Command Cheat Sheet =

License

‘ . . Fulllicense
Introduction to scRNA-seq integration

MIT + file LICENSE
Seu I'at V5 ntegrative analysis in Seurat v5 3 e

We are excited to release Seurat v5! Toinstall,  Mapping and annotating query datasets wing Communlty
new features and functionality: Code of conduct
« Integrative multimodal analysis: The ce rgies Citation

enable routine profiling of chromatin ac Dictionary Learning for cross-modality integration tv5, we

introduce ‘bridge integration’, astatistic ~ Weighted Nearest Neighbor Analysis ate Citing Seurat

scRNA-seq and scATAC-seq datasets), u Integrating scRNA-seq and scATAC-seq data Deve|0pe rs
demonstrate how to map scATAC-seq di K i reburant . 1g data
from new modalities. WtimaLEelerente mapping Rahul Satija

Mixscape Vignette Author, maintainer
We recognize that while the goal of mat users Satija Lab and Collaborators
may also be concerned about which met | Seurat Funder
v5, we also introduce flexible and strean  Syetch-based analysis in Seurat v5 kes it

. ’ More about authors...
easier to explore the results of different L . . PR . L es

: : Sketch integration using a 1 million cell dataset from Parse Biosciences

integration steps.

Map COVID PBMC datasets to a healthy reference

https://satijalab.org/seurat
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4. Analysis of scRNA-seq data 3: Further analysis by ggplot2, FindMarkers() and jjVolcano



violin plot of gene counts per cell for each donor

WHFEE: AR EPBMC 3K i K5 T3 donor, fE7R A [Eldonor % H igene counts per cell distribution

library
library
library
library

Seurat)

ggplot2)
data.table)

ggpubr)

2500

—_ NN N

pbmc = readRDS("./pbmc3k.rds")
head(pbmc@meta.data) S
pbmc@meta.data$cell_type = Idents(pbmc)

pbmc@meta.data$donor = rep(pasteO("donor ",c(1:3)), 863)
head(pbmc@meta.data)

metadata = as.data.table(pbmc@meta.data, keep.rownames = "BARCODE")

1500

Gene counts per cell

# violin plot for gene counts distribution 10001

p = ggplot(data=metadata,aes(x=donor,y=nFeature_RNAfill=donor)) +
geom_violin(color=I("black"), width=1) +
geom_boxplot(fill=I("white"), width = 0.1, outlier.shape = NA) + 500
xlab(element_blank()) +
ylab("Gene counts per cell") +
theme_pubr() + N a2 %
theme(axis.text.x = element_text(angle=45, hjust=1), & S s

legend.position = "none")
ggsave("ggplot2.violin.gene.png”, plot=p, dpi=600, height = 6, width = 8)




barplot for cell type ratio change among donors

wHE: XA Fldonor (EiAN[F]group) cell type ratio 2R AL

library
library
library
library

Seurat)

ggplot?)
data.table)

ggpubr)

AN N N /N

pbmc = readRDS("./pbmc3k.rds")

head(pbmc@meta.data)

pbmc@meta.data$cell_type = Idents(pbmc)

pbmc@meta.data$donor = rep(paste0("donor ",c(1:3)), 863)
head(pbmc@meta.data)

metadata = as.data.table(pbmc@meta.data, keep.rownames = "BARCODE")

# barplot for cell type ratio

| = metadatal, .N, by=.(donor, cell_type)]

for (donor_tmp in unique(j$donor)) {
J[donor==donor_tmp, percent := N/sum(N)]

}

p = ggplot(data=j, aes(x=percent,y=donor fill=cell_type)) +
geom_bar(stat="identity", color="black", width = 0.6) +
ylab(element_blank()) +
xlab(element_blank()) +
theme_bw() +
theme(legend.title = element_blank(), legend.position = "right")

ggsave(filename="./ggplot2.barplot.celltype_ratio.png", plot=p, dpi=600, width=8, height=6)
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case vs control DEG in each cell type

Rifiz HFindMarkerspfi £, 1534 cell typeH Ficase vs controlZ R R IA N, F1# HjjVolcanoi 4T 7] #iAk,
library(scRNAtoolVis)

# visualization of DEG (differential expressed gene) in each cell type
pbmc@meta.data$group = rep(c("control”, "case”, "case"), 863)
head(pbmc@meta.data)
markers = data.table()
for (cell_type_tmp in unique(pbmc@meta.data$cell_type)) {
# Set logfc.threshold = 0 to save all genes, not only significantly DEG, for plot.
tmp = FindMarkers(pbmc, ident.1 = "case”, ident.2 = "control”, group.by = ‘group’, logfc.threshold = 0, min.pct
= 0.25, subset.ident = cell_type_tmp)
setDT(tmp, keep.rownames="gene")
tmpl[,cluster:=cell_type_tmp]
markers = rbind(markers, tmp)
}
fwrite(markers, file="genes_exp_in_each_cell_type.txt", sep="\t")
p = JjVolcano(diffData = markers, topGeneN = 3)
ggsave(filename="./ggplot2.jjVolcano.DEG_in_each_cell_type.png”, plot=p, dpi=600, width=8, height=6)



case vs control DEG in each cell type

Rifiz HFindMarkersed 51, 15 FEE 1 cell type | fcase vs controlZ= 7 R iA A, Ff# HjjVolcanoik AT rf 44k,

PARVB
@ sigDown .
M.X1:M6PR
ISG15 - )
2.5 - “aa ALDOA
S “an t el FAM96B -
[
. HNRNPH3 TNFRSF1B e
B KRT10 LAMP1 . SRCCE . ° g V/PSQS 'AtsAP‘IB
O s . < e @MPK‘L PPM *M6PR _ MED10, e
5= Sraes N AR F@GRSA R oYY . ..-1T(3132 S 3.l
£ 0.0 R4T | Nk | Platelet
> E‘ﬁD. pooe o 2 “NEN i -
IS "SNRPDQ, LIVIAN2. RNHY =° o 2% LK FYBoar oo I L
g |ATPsot CLNS1A GSOMD = -v . CO0T18 ~ ARFG  AAMP- : .
E POLRZE ... .‘O .. ..SSBP1 SNF8 - .:
D 257 e - HPCAL1 GCLM A
<C e° .
twq:'l-'o 9 . °
-W.‘. e = ...
F " SORE 1 <
-5.0 - ADRBKJ —* o
RAB34 Ll
BNLR3 I?_R'C_C
UBA
75 PPP1R14A“RNF213

Clusters



Using Bioconductor to learn clusterProfiler (KEGG/GO/GSEA ...)

Registration Open for s
Joint Galaxy/Bioconductor Conference!

B-l ocon d uc to r About Learn Packages  Developers Q, clusterProfilef ( Get Started ))

UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU

Open source software for
Bioinformatics

The Bioconductor project aims to develop and share open source software for precise and repeatable analysis of biological data.
We foster an inclusive and collaborative community of developers and data scientists.

https://www.bioconductor.org/



Using Bioconductor to learn clusterProfiler (KEGG/GO/GSEA ...)

&
L]

B‘| Con d U C to r About Learn Packages Developers Q Search ( Get Started >

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

]

-

For older versions of R, please refer to the appropriate Bioconductor release.

Documentation

To view documentation for the version of this package installed in your system, start R and enter:

browseVignettes ("clusterProfiler")

Statistical analysis and visualization of functional profiles for genes and gene clusters HTML R Script

o
-h

Reference Manual

NEWS Text




Using Bioconductor to learn clusterProfiler (KEGG/GO/GSEA ...)

Visualization

e barplot

e cnetplot
e dotplot

e emapplot
e gseaplot
e goplot

e upsetplot

Vignette

Please go to|https://yulab-smu.github.io/clusterProfiler-book/|for the full vignette.
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analysis

3 DO semantic similarity
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5 Overview of enrichment
analysis

6 GO enrichment analysis

7 KEGG enrichment analysis

8 WikiPathways analysis

9 Reactome enrichment
analysis

10 Disease enrichment
analysis
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ChIPsecker [1:30:3 || clusterProfiler [4:3.1.900
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hello
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Visualization using enrichplot |

|GSEA only

Using Bioconductor to learn clusterProfiler (KEGG/GO/GSEA ...)
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Thank you!

http://jianglab.group
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