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The R Seurat package

https.//satijalab.org/seurat/

https://satijalab.org/seurat/articles/get_started v5 new

Mews Refes

Seurat [520 FAQ

Getting Started with Seurat

Source: vignettes/get_started vS_new.Red

‘We provide a series of vignettes, tutarials, and analysis walkthroughs to help users get started with Seurat. You can also check out

our Reference page which contains a full list of functions available to users.

Qur previgus Get Started page for Seurat v4 is archived here.

Introductory Vignettes

For new users of Seurat, we suggest starting with a guided walk through of a dataset of 2,700 Peripheral Blood Mononuclear Cells
(PBMCs) made publicly available by 10X Genomics. This tutorial implements the major components of a standard unsupervised
clustering workflow including QC and data filtration, calculation of high-variance genes, dimensional reduction, graph-based
clustering, and the identification of cluster markers. We provide additional vignettes introducing visualization technigues in
Seurat, the sctransform normalization workflow, and storage/interaction with multimodal datasets. We also provide an ‘essential
commands cheatsheet’ as a quick reference.

Contents

Intreductory Vignettes
scRNA Data Integration
Multi-assay data

Flexible analysis of massiveby
scalable datasets

Spatial analysis
Other
SeuratWrappers

or

Install Get started News Reference

Vignettes ~

Seurat {520 Extensions  FAQH

PEMC 3K guided tutorial

Getting Started w

Source: vignettes/get_started_vS_new.Rad

eurat with multi-modal data

We provide a series of vignettes, tutorials, and

our Reference page which contains a full list ol ommand Cheat Sheet

Cwur previous Get Started page for Seurat vd is

reduction to scRMNA-seq integration

Introductory Vignette

For new users of Seurat, we suggest starting w
[PEMCs) made publicly available by 10X Geng
dustering workflow including QC and data filt
clustering, and the identification of cluster ma
Seurat, the sctransform normalization workflg
commands cheatsheet’ as a quick reference.

Dictionary Learning fior cross-mi y integration
ghted N Nei or is

Integrating scRMA-seq and scATAC-seq data

Guided tutorial — 2,700 PBMCs

Spatial analysis

These vignettes will help introduce users to the analysis of spatial datasets in Seurat v5, including technologies that leverage
sequencing-based readouts, as well s technologies that leverage in-situ imaging-based readouts. The vignettes introduce data
from multiple platforms including 10x Visium, SLIDE-seq, Vizgen MERSCOPE, 10x Xenium, Nanostring CosMx, and Akoya CODEX.

Analysis of spatial datasets
(Imaging-based)

A basic overview of Seurat that includes
2n introduction to common znzlytical
workflows.

SCTransform

Learn to explore spatially-resolved data
from multiplexed imaging technologies,
including MERSCOPE, Xenium, Coshx
SMI, and CODEX.

Examples of how to

normalization, feature s

integration, and differentia

with an updated version of sctransform.

Analysis of spatial datasets

Learn to explore spatially-resohved
transcriptomic data with examples from
100 Visium and Slide-seq vz

nalysis of Visium HD spatial

datasets

Learn to explore spatially-resclved
transcriptomic data in high-definition
from 10x Visium HD.

Multimodal

Contents Ié ——

Mixscape Vignette

Introductory Vignettes
scRNA Data Integration

Sketch-based analysis in Seurat

Multi-assay data

Sketch integration 2 1 million cell dataset from Parse Biosciences

Flexible anzlysis of massively - Map COVID PEM sets to 2 healthy reference

scalable datasets BPCells Interaction

atincludes | J
nalytical 1
Other Y a ts (Imaging-based

(5equencing-based)

Spatial analysis

SeuratWrappers

f Visium HD spatial datasets

Differential exp

Demultiplexing

e

Seurat Object data access

S b A

Pseudobulk analysis
a1

Multi-Assay features
Subsetting and merging

Visualization in Seurat

Reference list of commonly used
commands to store, access, explore, and
analyze datasets.

ion,
pression

Archive

sk out

ir Cells
ised

d

1

entizl

Contents

Introductory Vignettes
scRNA Data Integration
Multi-zssay data

Flexible analysis of massively
sczlable datasets

Spatial analysis
Other
SeuratWrappers
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10X Genomics Visium platform
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Seurat tutorial

pb3IMMYOA

#### load packages ####
library(Seurat) # version 5.3.0
library(  SeuratData )

InstallData (" stxBrain ")

brain <- LoadData("stxBrain ", type
###H# Quality check ####
VinPlot (brain, features
VinPlot (brain, features
FeatureScatter (brain,

"nFeature
featurel
feature?2

#### Install and load example Visium dataset ####

"nCount_Spatial
_Spatial
"nCount_Spatial ",
" nFeature_Spatial

"anteriorl" )

"y <
" <

Yl
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##HE Quality within slices ####
SpatialFeaturePlot  (brain, features = "nCount_Spatial ") «—
SpatialFeaturePlot  (brain, features = "nFeature_Spatial ")<+«—— RGoUn._Spatil
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Option 1. SCTransform X 7 TmEWY 40 rstok.y

#### Normalization ####
# option 1: sctransform  residuals for all genes
brain <- SCTransform(brain, assay = "Spatial" )

# option 2: standard log normalization for comparison
# brain < - NormalizeData (brain, assay = "Spatial")
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#### Dimensionality reduction & clustering ####
brain <- RunPCgorain, assay = "SCT")
brain <- FindNeighbors (brain, reduction
brain <- FindClusters (brain)
SpatialDimPlot (brain, label

brain <- RunUMA@rain, reduction

DimPlot (brain, reduction = "umap, label

= TRUE, label.size =3) «———

= "pca", dims = 1:30)

= "pca", dims = 1:30)

4

= TRUE)
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Seurat tutorial 2 p x| K3 p D"QB x &

# highlighting clusters
SpatialDimPlot (brain,

cells.highlight = CellsByldentities (object =
brain, idents = c¢(7, 4, 6, 3, 2, 0)),
facet.highlight = TRUE, ncol = 3)

7 4 6

blj I BSKu axpxl KspOye - "H
(Image adapted from Allen brain atlas) Q mE M 0 Z q " Ah /\] l-lJ d M O M o M




Seurat tutorial 2 ‘Ah 51 ®s SVG)

##### |dentifying spatially variable features ####
# comparisons between clusters (here: between 5 and 6)

de _markers <- FindMarkers (brain, ident.1 = 5, ident.2 =6
# plot the top 3 genes with the highest expression in cluster 6 vs 5
SpatialFeaturePlot  (object = brain, features = rownameq de markers)[ 1:3], alpha = c¢(0.1, 1), ncol = 3
FindMarkersmt y Ah A s 3 hi o¢x ¢d 0 o M
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Seurat tutorial 2 ‘Ah 5l = s SVG)(2)

AR A 6" Y. 61 SVG Mor an tsWdEA® bl o
Calb2 - . Gng4 - - Ttr . -

AMor a N(used$ this tlitorial) 12 3 4 o 1 2 3 00 25 50 75
A SPARK—X (Zhu et al., Genome Biol, 2021) .

A binSpect (Giotto package; Dries et al., Genome Biol, 2021)

A SingIeCeIIHaystaCk (Vandenbon and Diez, Nat Commun, 2020)

# Use spatial info to find SVGs (slow)
# Optiona | speed -up: install.packages (‘Rfast2’)
brain <- FindSpatiallyVariableFeatures (

brain, assay = "SCT",

features = VariableFeatures (brain)[ 1:1000],

selection.method = "moransi ")
# plot the top - scoring genes
top.features <- head( SpatiallyVariableFeatures (brain,
selection.method = "moransi "), 6)
SpatialFeaturePlot  (brain, features = top.features

ncol = 3, alpha = c¢(0.1, 1))
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Seurat tutorial 2 'Q
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Spatial transcriptomics databases

A Wxa.KuU.1Y" wenboMmd
Database  |URL |Publication  |PMID___|Comment

SpatialDB
SODB
SCAR
SORC

STOmicsDB

SOAR

DeepSpaceDB

VAg

XAd°

link

INn

=

S
=

S
=

-
=

S
=

=
=

Nucleic Acids Res, 2020
Nat Methods, 2023
Nucleic Acids Res, 2024
Nucleic Acids Res, 2024
Nucleic Acids Res, 2024
Sci Adv, 2025

Nucleic Acids Res, 2025

31713629

36797409

37739405

37811897

37953328

40498826

41160880

No longer maintained?
Sometimes long load times
Focus on cancer

Focus on cancer

>15,000 samples
Sometimes long load times
Our database!



http://www.spatialomics.org/SpatialDB
https://pubmed.ncbi.nlm.nih.gov/31713629/
https://gene.ai.tencent.com/SpatialOmics/
https://pubmed.ncbi.nlm.nih.gov/36797409/
http://scaratlas.com/
https://pubmed.ncbi.nlm.nih.gov/37739405/
http://bio-bigdata.hrbmu.edu.cn/SORC/index.jsp
https://pubmed.ncbi.nlm.nih.gov/37811897/
https://db.cngb.org/stomics/
https://pubmed.ncbi.nlm.nih.gov/37953328/
https://soar.fsm.northwestern.edu/
https://pubmed.ncbi.nlm.nih.gov/40498826/
https://deepspacedb.com/
https://pubmed.ncbi.nlm.nih.gov/41160880/

SpatialDB
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Spatial Transcriptomics ~ Slide-seq ~ LCM-seq  seqFISH  MERFISH  Liversingle cell zonation ~ Geo-seq  Tomo-seq

Spatial transcriptomics

a daja#base for spatially resolved transcriptomes

i
\
SpatialDB
\\ >
Spatial Transcriptomics (ST) is an approach that allows visualization and quantitative analysis of the transcriptome with spatial resolution in individual

A Home ®Browss QsSearch ZDataset Compare % Upload & Download ©Help @ About tissue samples. By placing tissue sections on glass slides with arrayed oligonucleotides containing positional barcodes, this method claimed to generate
high quality cDNA libraries with precise positional information for RNA-seq. The barcoded microarrays have 1,007 spots of RT-primers with unique
barcode sequences. Each spot has a diameter of 100 um (corresponding to a tissue domain). The center-to-center distance is 200 pm.

Welcome to SpatiaIDB! click thumbnails to quickly browse the spatial gene expression profiles.
HA&E Stained tumor section Pathological annotation Factor activity map

® Melsnoma
5 ® Stroma

3

Factor actvty
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? ST array One barcode per tissue domain Sequencing
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s Schematics of Spatial Transcriptomics (ST). Thrane et al. Cancer Res. 2018.
®
¢ < . Spatial transcriptome dataset
MERFISH Liver single cell zonation Geo-seq Tomo-seq P P
PMID Title Journal Year Details Browse
. 27365449 Visualization and analysis of gene expression in tissue sections by spatial transcriptomics Science 2016 Details Browse
Search SpatialDB
29021611  Spatial detection of fetal marker genes expressed at low level in adult human heart tissue Sci Rep 2017 Detalls Browse
29925878  Spatial maps of prostate cancer P! reveal an \ of 9 NatComm 2018 Detalls Browse
Species: Al v Please select species to browse.
30154148  Spatially resolved enables of genetic geneity in stage III malignant melanoma Cancer Res 2018 Details Browse
Gene/ENSEMBL ID:  Kctd12 Please input Gene or ENSEMBL ID: such as Kctd12 or ENSMUSG00000098557.
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Quibhmit
l_l
" er L]
24 studies I T Hbl ~OPK AETTPUY
(Y
n

A8 Biotechnologies A"wes d F 0AboMaoM
A305 samples AMWY TXB.unY ToM



SO/DB YoUnfR~  TVx -

X =Rl

%
INTRODUCTION BROWSE SEARCH STATISTICS TUTORIAL NEWS 5 E:H DB INTRODUCTION BROWSE SEARCH STATISTICS  TUTORIAL  NEWS

Biotech Categories Spatial Transcriptomics

What is SODB?

Spatial Omics DataBase (SODB) is a comprehensive database designated for general spatial omics
data. SODB provides:

(1) Various spatial omics data modalities, including spatially resolved transcriptomics, proteomics,
metabolomics, genomics and multi-omics.

(2) Data browser categorized by different biotechnologies.

(3) Data search by tissue, species, biotechnology, country, and journal, etc.

i ; lide- FI Fl
(4) Interactive data exploration, e.g., customized region selection, marker style, and color style, etc. 10X Visiuen Slide-seq MERFISH osmFISH

(5) Data statistics, on user defined regions.

t LRSS I
(6) A “color view” spatial visualization tool for spatial mapping of colored-coded molecular e o ‘-"’" F.{ Mjﬁ.’.
features. - I.II "y e
“"}';"' ., (‘f'
(7) Unified data format for convenient interaction with mainstream pipelines. Ill. g ,»::'l,‘ ;,\ tt‘\ '
A, 8
ST 5 b
rl 5 -{'#«.» ﬁ%ﬂb “v“‘ ‘
You can access the data in SODB through our website or pysodb.
seqFISH seqFISH+ seqScope STARmap

3 W

Species: 12 Tissues: 76 Spots: 61437280 Biotechnologies: 31 Experiments: 3145

seqFISH+: 0.7%  Slide-DNA-seq: 0.5%
seqFISH: O. O% jj,jf——_"_“l IffT<<——DESI: 0.5%

& @:ingleCel 10X sciSpace: 0.0% - MALDI: 0.9%

Spatial technologies

STARmap: 1.3%

A 31 Biotechnologies ST. 26.3%’

i e osmFISH: 0.0% /4 \ SIMS: 0.3%
o I DBit-seq: 0.7%
Genomlcs 3D IMC 4 7%
Metabolzlr:lltclsomlcs i: 0.6%
Transcriptomics \.\ CODEX 6.8%
Proteomics \MIBI 22 7%
R CyCIF: 0.0%

athe C‘f- Mm Stereo-seq:4.5%
A3145 Sam ples 70X Visium: 6.2%

Slide-seqV2: 0.5%
__—EASI-FISH: 4.6%

Slide-seq: 4.4%
MERFISH: 13.5% " HDST: 0.1%

AU Wl w XY Yol From Yuan et al., Nat Methods, 2023
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Biotech Categories

Spatial Transcriptomics

10X Visium

Date

Country

Journal

Tissue

Species

To

Dataset Name

The spatial transcriptomic landscape of the healing mouse intestine follo

wing damage

Spatial proteogenomics reveals distinct and evolutionarily conserved hep

atic macrophage niches

Transcriptome-scale spatial gene expression in the human dorsolateral pr

ntal cortex

oral single-cell RNA sequencing of developing chicken hearts

identifies inteygy between cellular differentiation and morphoger

Spatially resolved trafygriptomics reveals the architecture of the tumor-mi
croenvironment interface
Spatial Transcriptomics to define INgscriptional patterns of zonation and
structural components in the mouse It
Spatiotemporal analysis of human intestinal d@Wgopment at single-cell re
solution
Spatial mapping reveals human adipocyte subpopulations W distinct se

nsitivities to insulin

Date

2022

2022

2021

2021

2021

2021

2021

2021

doi Country Operations

10.1038/54 146
7-022-28497-0

USA View

101016/ cell 2
Belgium

021.12.018

10.1038/s4159
3-020-00787-0

10.1038/54146
7-021-21892-z

USA

10.1038/s4146

USA ew
7-021-26614-
10.1038/54146

Sweden View
7-021-27354-w
101016/ cell. 2

UK view
020.12.016
10.1016/.cmet

Sweden view

2021.07.018

10.1016/ xgen

Species

Axolotl
Arabidopsis _—
mouse

Cell Line
Drosophila
None
cellline

Mouse

Tissue

Species

NCTC1469/Hepal-6
colon cancer
Lymph Node

Cell Line

Spleen

Kidney Organoid
neocortex

spinal cords

Biotech Categories ~  Spatial Transcriptomics / 10X Visium / guilliams2022spatial

Title Spatial proteogenomics reveals distinct and evolutionarily conserved hepatic macrophage niches
Short Name guilliams2022spatial
Date 2022
doi 10.1016/.cell.2021.12.018
Country Belgium
Journal Cell
Author Guilliams, M. Bonnardel, J. Haest, B. Vanderborght, B. Wagner, C. Remmerie, A. Bujko, A. Martens, L. Thone, T. Browaeys, R.

De Ponti, F. F. Vanneste, B. Zwicker, C. Svedberg, F. R. Vanhalewyn, T. Goncalves, A. Lippens, S. Devriendt, B. Cox, E
Ferrero, G. Wittamer, V. Willaert, A. Kaptein, S. J. F. Neyts, J. Dallmeier, K. Geldhof, P. Casaert, S. Deplancke, B. Ten Dijke, P.
Hoorens, A. Vanlander, A. Berrevoet, F. Van Nieuwenhove, Y. Saeys, Y. Saelens, W. Van Viierberghe, H. Devisscher, L. Scott,

C.L
Access GSE192742
Biotech 10X Visium
Species Mouse(15)
Tissue Liver({15)
N_Unit 24179
Data exp ti
select a GSM5764424 Download
experiment
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SODB 2 Annotation View
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SODB 2 Comparison View
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