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ÅἋḧЕжрІϼзФЕ˔ЭʾД˔Ќχ ϙ︡Ϥ Ϟᵔ ︣ χᵵ

Ϭ ϤθΜ
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ÅRχὊᾓΥΚϥ Υ ϘΰΜπβ
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ἋḧЕжрІϼзФЕ˔Эᵔ χṁ
̍

DeepSpaceDBϬḯϚ῝ẶД˔ЌЦ˔Іχ
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ꜛᾪ ᵒ

VANDENBON Alexis Ằ ᶘӺ ᶘᾆẕ ễ
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НрДрЩр ϯйϼЄІ

Bruges

ˢ1981 9Ὦ ϘϦʾЦиϻ˔ ˣ

2005

2006 ˙2009 Ằ ᶘ ӽ ᴬᶘᾆẕᴬ ●ᴿ

ˢ◙ ễԌʿ ӻᾌ ễ ˣ

2009 ˙2014 ∫ ᶘ ׂᶘТкрГϰϯᾆẕЈрЌ˔(iFReC) ᾆẕԌ

2014 ˙2017 ∫ ᶘ ׂᶘТкрГϰϯᾆẕЈрЌ˔ ễ

2017 ˙2022 Ằ ᶘӺ ᶘᾆẕ „◖

2022 ˙ᾝ∕ Ằ ᶘӺ ᶘᾆẕ ễ
Image from https://wallpaperaccess.com/



ᵵ

ÅRϬ►μθἋḧЕжрІϼзФЕЬϼІД˔Ќᵔ

ÅVisium example

ÅOther platforms

ÅṌ χἋḧЕжрІϼзФЕЬϼІД˔ЌЦ˔Іχ ᵒ

ÅDeepSpaceDBχ ᵒ

- Visium interface

- Xenium interface

ÅϘρϛ
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The R Seurat package
https://satijalab.org/seurat/

https://satijalab.org/seurat/articles/get_started_v5_new
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or

https://satijalab.org/seurat/
https://satijalab.org/seurat/articles/get_started_v5_new


м˔ϼТк˔χᵵ

https://satijalab.org/seurat/articles/spatial_vignette

https://github.com/alexisvdb/ajacs_20251218
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Д˔Ќχ ϙ₅ϙ

ϼϷзГϰЎϴАϼ

ṛᴟ

ⱳᾕӊ
ϼжІЌзрϽ

Prediction of:
- Ἃḧ ӹ ◓
- ⇔
- σἋḧ ӽ

Д˔Ќ ┤
- ‰ⱳᾕД˔Ќχᵔ π τ ρσϥ
- Д˔Ќχ ל ᴣϞӰ χ
- Д˔Ќ χ︠ σ  ϬᾋνΪϥ
- ᴠ χ ρᾁ
- τ ᵔϬιβϢΞσᵔ ψ Μ

ήϣσϥᴠ ἄ ἷ

https://satijalab.org/seurat/articles/spatial_vignette
https://github.com/alexisvdb/ajacs_20251218


10X Genomics Visium platform

ÅᶆІЪАЕτψ 10ᾤχ⇔ ΥḯϘϦοΜϥ ( ¬single cellºπψσΜ)

ÅFinal data: 

X Y

genes

sp
o

ts
=+

sp
o

ts

+ ӡІЪАЕΚθϤχӹ ◓ ᾝ
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#### load packages ####
library(Seurat) # version 5.3.0
library( SeuratData )

#### Install and load example Visium dataset ####
InstallData ( " stxBrain " )
brain <- LoadData( " stxBrain " , type = "anterior1" )

#### Quality check ####
VlnPlot (brain, features = " nCount_Spatial " )
VlnPlot (brain, features = " nFeature_Spatial " )
FeatureScatter (brain, feature1 = " nCount_Spatial " , 

feature2 = " nFeature_Spatial " )

Seurat tutorial ²ϼϷзГϰЎϴАϼ (1) 8

ϼϷзГϰχ◙ ρΰο►ϩϦϥϜχ
1. ІЪАЕ θϤχз˔Ж
2. ІЪАЕ θϤχӹ ◓ᾁ

͍⇔ Д˔ЌρχẶ ʿ
1. ІЪАЕḧτΤσϤχωϣνΦΥΚϥ
2. з˔Ж ρӹ ◓ᾁ τ ḩΥΚϥ

͍⇔ Д˔Ќρχ Ӹ ʿˮDoublet˯ρΜΞᵵ ΥσΜ



Seurat tutorial ²ϼϷзГϰЎϴАϼ (2)

ÅϼϷзГϰχ◙ ρΰο►ϩϦϥϜχ

1. ІЪАЕ θϤχз˔Ж

2. ІЪАЕ θϤχӹ ◓ᾁ

ÅЄрϽиЈиᵔ ӟ τ Ӫ ΜᵔּתΥ ρσϥ

Å τΣΪϥ⇔ χωϣνΦ

Å⇔ χӸΜ

Å χ ᵃ χӸΜ

Å χ   Ϭ ֳΰθἋḧ ОЌ˔рϬᾋϥάρΥ ϥ
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#### Quality within slices ####
SpatialFeaturePlot (brain, features = " nCount_Spatial " )
SpatialFeaturePlot (brain, features = " nFeature_Spatial " )



ϼϷзГϰ χἋḧОЌ˔р

ÅDeepSpaceDBΤϣχ

Åԁ χОЌ˔рπψ ᶘ σ

Ϭ ֳΰοΜϥ

Å χ Ὂᵔ ᶘ  

ÅϹр χ ∕
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ḟᵌ (sample ID DSID001904)

ЫϳІ τΣΪϥᾁ ӹ ◓

Ṫ σ πОЌ˔рΥ αϥάρϜΚϥ

Υϭ χḟ ӱ
(sample ID DSID001370)



Seurat Ўв˔Езϯи² ṛᴟ 11

Å Д˔ЌχUMIϸϳрЕψʺІЪАЕḧχЄ˔ϾрЄрϽ χӸΜτ₮

֒ήϦϥ

ÅІЪАЕḧχ ᶓϬ ρβϥτψ ṛᴟΥ πΚϥ

ÅϷФЄдр:

Option 2. жϱУжзЂϱЇˢЄ˔ϾрЄрϽ ˣτϢϥ ṛᴟ

Option 1. SCTransform χ ‮ τṁξΨ ╛σ ṛᴟϯФк˔Ў

#### 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")



Seurat Ўв˔Езϯи²ⱳᾕӊ
┤ Д˔Ќᵔ
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‰ⱳᾕД˔Ќ
ḧΥ ᵔΰϞβΜ
ᴟήϦθ

ⱳᾕӊ

ⱨ τϢϥϽи˔Ф Ϊ

ЫϳІ ЂЅЌи (Image from Allen brain atlas)

#### Dimensionality reduction & clustering ####
brain <- RunPCA(brain, assay = "SCT")
brain <- FindNeighbors (brain, reduction = " pca" , dims = 1: 30)
brain <- FindClusters (brain)
SpatialDimPlot (brain, label = TRUE, label.size = 3)

brain <- RunUMAP(brain, reduction = " pca" , dims = 1: 30)
DimPlot (brain, reduction = " umap" , label = TRUE)



Seurat tutorial ²ϼжІЌзрϽὫᴮχᾁ 13

ЫϳІ ЂЅЌи
(Image adapted from Allen brain atlas)

άχϼжІЌзрϽψӹ ◓ ᾝОЌ˔рχ ⱨ τχ
ϙṁξΜοΣϤʺἋḧ ψԁ ΜοΜσΜ

# highlighting clusters
SpatialDimPlot (brain, 

cells.highlight = CellsByIdentities ( object = 
brain, idents = c( 7, 4, 6, 3, 2, 0)), 

facet.highlight = TRUE, ncol = 3)



#### Identifying 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 = rownames( de_markers )[ 1: 3], alpha = c( 0.1 , 1), ncol = 3)

Seurat tutorial ²Ἃḧ ӹ ◓ˢSVG) (1) 14

Fold change (log 2)
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ϼжІЌ˔͑
π‰Μ

ϼжІЌ˔͒
π‰Μ

ϼжІЌ˔͑ρ͒χḧπ ᾝτ₯ΥΚϥӹ ◓

FindMarkersπψἋḧ ˢӡ Ϟ ḩἰσςˣψԁ ΰσΜ



Seurat tutorial ²Ἃḧ ӹ ◓ˢSVG) (2)

Ἃḧ Ϭ︡Ϥ₅ϭιSVG 

ÅMoran s I(used in this tutorial)

ÅSPARK-X (Zhu et al. , Genome Biol, 2021)

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

ÅsingleCellHaystack (Vandenbon and Diez, Nat Commun, 2020)
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Moran s I τϢϥЕАФ ӹ ◓

# Use spatial info to find SVGs (slow)
# Optiona l 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))



ᵵ

ÅRϬ►μθἋḧЕжрІϼзФЕЬϼІД˔Ќᵔ

ÅVisium example

ÅOther platforms

ÅṌ χἋḧЕжрІϼзФЕЬϼІД˔ЌЦ˔Іχ ᵒ

ÅDeepSpaceDBχ ᵒ

- Visium interface

- Xenium interface

ÅϘρϛ
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χФжАЕТ϶˔ЭτνΜο

ÅThe SeuratχϳϴУЂϱЕ χЎв˔ЕзϯиψЄ˔ϾрІ

Ц˔ІχФжАЕТ϶˔ЭϬ ρΰοΜϥ

ÅVisium

ÅSlide-seq

ÅΰΤΰʺϱЮ˔ЅЦ˔ІχФжАЕТ϶˔ЭϜ χм˔ϼТ

к˔πᵔ ᴦ πΚϥ

ÅVizgen MERSCOPE

ÅXenium

ÅNanostring CosMx Spatial Molecular Imager

ÅAkoya CODEX
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Seurat tutorial ²Ὣ

ÅSeurat ψἋḧД˔Ќᵔ Б˔иρΰο ϦοΜϥ

Åᴖ χ ψscRNA-seq ᵔ ρ χ ϦπΚϥ

ÅΰΤΰἋḧ σ Ϭḁ τψᶨ ΰοΜσΜ

ÅϱрЌжϼГϰУσ ┤τψᾢᵦΥΚϥ
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0.26 0.98 0.99

0.15 0.63 0.39

0.70 0.05 0.41

0.74 1.00 0.63

0.79 0.84 0.56

0.55 0.44 0.79

0.67 0.74 0.93

0.24 0.52 0.06

0.28 0.92 0.53

0.63 0.51 0.85

Selections

Gene 1
Gene 2
Gene 3
Gene 4
Gene 5
Gene 6
Gene 7
Gene 8
Gene 9

Gene 10

ӹ ◓ ᾝψʺΚϥ Τϣ
χẩ τᴂαοςχϢΞτ
ᴟβϥχΤˁ

άχ꞊τלμοṞ
άμοΜϥӹ ◓
ᾝ ᴟψᴡΤ?

ЫϳІπ ϭι ӽςΞΰϬ ᶓΰ
θΜʻςχӹ ◓χ ᾝτ₯ΥΚϥ
χΤˁ



ᵵ

ÅRϬ►μθἋḧЕжрІϼзФЕЬϼІД˔Ќᵔ

ÅVisium example

ÅOther platforms

ÅṌ χἋḧЕжрІϼзФЕЬϼІД˔ЌЦ˔Іχ ᵒ

ÅDeepSpaceDBχ ᵒ

- Visium interface

- Xenium interface

ÅϘρϛ
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Spatial transcriptomics databases

Database URL Publication PMID Comment

SpatialDB link Nucleic Acids Res, 2020 31713629 No longer maintained?

SODB link Nat Methods, 2023 36797409 Sometimes long load times

SCAR link Nucleic Acids Res, 2024 37739405 Focus on cancer

SORC link Nucleic Acids Res, 2024 37811897 Focus on cancer

STOmicsDB link Nucleic Acids Res, 2024 37953328 >15,000 samples

SOAR link Sci Adv, 2025 40498826 Sometimes long load times

DeepSpaceDB link Nucleic Acids Res, 2025 41160880 Our database!

20

Å ΨχД˔ЌЦ˔ІΥ῝ᵫήϦοΜϥ

: χ ᵒ

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

Å24 studies

Å8 Biotechnologies

Å305 samples
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Å τ ᾝӹ ◓ϬФкАЕπΦϥΥ

Å̔̀ ᵫӟ ԁ Ϝ  ήϦοΜσΜ

ÅΜΨνΤχБ˔иΥ ΤσΜ

Ӱσϥםᾓ︣ ʾṪ ΤϣσϥЂрФи



SODB

ÅJust ¬loadingº forever˜
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Å31 Biotechnologies

Å3145 samples

Åΰωΰω ᴂΥ Ψσϥ

Ӱσϥםᾓ︣ ʾṪ χ ˑ

From Yuan et al., Nat Methods, 2023



SODB ²browsing Visium data 23



SODB ²Expression View 24

1. ЂрФиϬ ϐ GSM5764422

2. ӹ ◓Ϭ ϐ

3. (optional) 
Ы˔ϸ˔ЂϱЇ
Ϭ  βϥ

- value Υ ο σχπʺ ṛᴟΰ
οΜσΜ Д˔ЌχϘϘχᴦ ΥΚϥ

- ᵊ Д˔ЌΥ ΜοΜσΜ



SODB ²SOView 25

ӹ ◓ ᾝ Ϭ
͏νϘπ ꜘβϥ
άρΥπΦϥ (

)

ọ Κϥ ӽϬ ϭπ¬Analysisº
ϬϼзАϼβϥρ

ΰθ ӽ π ᾝΥ‰Μӹ ◓Υ
ꜘήϦϥ.



SODB ²Annotation View 26

ϼжІЌзрϽὫᴮ

ϼжІЌ˔ θϤχІ
ЪАЕ



SODB ²Comparison View 27

ӹ ◓Ϭ͎ν - ӹ ◓͍χ ᾝ
- ӹ ◓͎χ ᾝ
- ₯ḧχיּ

Ranges are 
rather buggy˜



STOmicsDB 28

Å362 studies

Å8 technologies

Å15,602 samples

5̒: spatial coordinates & images
4̒: spatial coordinates only
3̒: images only
2̒: lacks coordinates & images
1̒: not processed

(!) ΰ χל Μ
ЂрФиψ σΜ



STOmicsDB ²¬Samplesº page 29

ˑσṪ
Technology Count Comment

1 ST 7,670  predecessor of 
Visium

2 GeoMX DSP 1,700 By Nanostring

3 Geo-seq 1,348

4 Stereo-seq 1,015 By BGI

5 Sci-Space 960

6 10x Visium 930 By 10X Genomics

ӰσϥṪ χЂрФиϬ σΨ ϛοΜϥ
Υʺ πΦϥᵔ Б˔иψЂрФиέρτᾢ
ήϦοΜϥʻ



STOmicsDB ²¬Datasetsº page30

ТϰиЌ˔ϬЈАЕβϥ: Species = ¬mouseº, 
Tissues = ¬Brainº, Technology = ¬Stereo-seqº ₮χзІЕΤϣԁν ϭιὫᴮ



STOmicsDB ²Visualization (1) 31

Here: 
⇔ Ϟ χϯЛГ˔
Єдр

֒ОКиχᵊ ꜘ
Ϭ πΦϥϢ

ΞτᾋΠϥΥʺ
Stereo-seqЂрФи
χ ›ψ1 ΰΤσ
Μ



STOmicsDB ²Visualization (2) 32

ӹ ◓ ᾝОЌ˔р
Ϭᾋϥ

Ϋ Б˔иπῨΦσ ӽϬ π
Φϥ

ӹ ◓ ᾝχ ὓ
ЂЫз˔


