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TEEEFATE scRNA-seq WERM EREB T —PXRBHE: SERAGESKETFUIMIE. FEBANTESPEZEZR
Kt 10x Visium IBARITERMHKSH £, 81 spot 44 55 um B2 1M4EM; Slide-seq. MERFISH. seqFISH+ BEMfIEIS
MR AE S YIR, KNEBEEFAR. 2WIAEEL,

AR 10x Visium /NEREEIEE REEBN—FRIE: EA - F{iZ > TEBANENL (SCT) - RE - TELTEE
5%% scRNA-seq 3EM cell type RETR,
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10x Visium spot (~55 pum) s Seurat. Scanpy + Squidpy
Slide-seq V2 ~10 um s Seurat, RCTD
Stereo-seq RIE S AN StereoPy

MERFISH [ seqFISH+ SRR 7N Squidpy. Giotto

Xenium DIzl VAN 10x pipeline. Seurat

Visium AR MaR(RANERE: —K A=A spot BE/LTHR, BERECAEEESN, BM. HRIR#HETE,

FH Seurat 21 Visium /G i

M 10x Genomics T&; Visium /NEREI S EUERE (8 seuratbData BBAY stxBrain ), EAIEF] scRNA-seq R1%,
HEZ7 spatial X—ERIrFIALRER R

library(Seurat)
# HE—RIREURGIEIE:
# InstallData("stxBrain")

# brain <- LoadData('"stxBrain", type = "anteriorl")

# E M B FIEZEY
brain <- Loadl0X Spatial(

data.dir = "~/biof3-data/visium-mouse-brain/outs",
filename = "filtered feature bc matrix.h5",

assay = "Spatial",

slice = "slicel"

# Bz HALELEST spot NERESE
VlnPlot(brain, features = "nCount Spatial”, pt.size = 0.1) + NoLegend()

SpatialFeaturePlot(brain, features = "nCount Spatial")
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M3k QC ER—iEE: ARA"NFRENXE " SHENRLS (BREE), RERBEES (B, 3.
ENX—FSEINA scTransform , EXY spot BEFBANZT BEERNRBE

brain <- SCTransform(brain, assay = "Spatial", verbose = FALSE)
brain <- RunPCA(brain, assay = "SCT")
brain <- FindNeighbors (brain, reduction = "pca", dims = 1:30)

brain <- FindClusters(brain, verbose = FALSE)

brain <- RunUMAP(brain, reduction = "pca", dims = 1:30)

# RELRENEE vMar MARYE E
DimPlot (brain, label = TRUE)
SpatialDimPlot (brain, label = TRUE, label.size = 3)

/NERAX Visium £ spatialbimPlot BREWFEE. BD. MRAZHEINSHIRAIRE, TMMIEM cell type JFHFEHEESE
HARED X

TR FEE
HHH FindvariableFeatures REERATR, FAEZEME., THTREER"ZADHAIMENN", BEtHEEATER
HIZEMHER:

brain <- FindSpatiallyVariableFeatures(

brain,

assay = "scT",

features = VariableFeatures(brain)[1:1000],
selection.method = "moransi"

top_features <- head(
SpatiallyVariableFeatures(brain, selection.method = "moransi"),

6
)

SpatialFeaturePlot(brain, features = top_features, ncol = 3, alpha = c¢(0.1, 1))

"moransi" (Moran's |) E=2MIZ4FIT spot RIAELIE, EHSIHAHTERE. alpha Z2IEESH, ARRESREKE
Xig. BEES.

BESCfE: Visium /\E i Anterior 15

EEEMIZA modulel0 spatial sci.R FJ SeuratData::stxBrain BJ anteriorl JF (10x Visium /NERNEIEE, 4
2700 1 spot) ELEARIERST., BIXETRBId InstallData("stxBrain") IEEIBREIAM (~136 MB), ZEEX
SERTHETHE.

Rscript scripts/single-cell/scl0_spatial_sci.R

BIZRIR: LoadData fHNE; Seurat IR > FAHLAE LE QC > scTransform FEY - PCA [ Leiden 23 | UMAP - £
UMAP B & F—iE cluster »> EIUNEXAREIZ marker X E)FRIA > A Moran's | QT SER > BERAE
UMAP ] 5 ERIEISIE .,
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data:text/x-r-source;base64,
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BRKEETA

Spatial QC: sequencing depth across tissue
Check for edge dropout or local artifacts (bubbles, contamination)

Total UMI per spot Genes detected per spot

nFeature_Spatial

-

5000

I 2500

nCount_Spatial
60000

40000

' 20000

B 1: ZEZES spot 95 UMI B (WFERE), AEZCNFINERL, RDERERTZERN (HRD), ABUR
HI—REHFESNIHUMBEZHVE. FEN SR, X—FPEREAHEEMEEEEEN.

UMAP: SCT-normalized clustering
11 clusters

® 006060600 0 00
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umap_1

2: SCT J3—ft /57 PCA L1 Leiden BRI, %% UMAP £, 1 scRNA-seq AR[E, Visium B cluster HBRE XK
Z (10 JI1), ER— spot RRHWZ/LNABENES.
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Cluster distribution on tissue section
Cortex, hippocampus, corpus callosum, and choroid plexus map to distinct clusters

.
© 0 N o o~ 0N
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B 3: E— seurat_clusters HREFARYIF L, TRHEMEM cell type JTR, ELREEIKE (BALKE). B
(DERZ) . B (PRFEIR) . BREA (RIR) BAXNN ERE cluster, X2 Visium &"EE"I—KE: =ERE =
fREIZF L,
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. oes O -

00 25 50 75

2 4 6 0o 2 4 6

5: A Moran's | 781 1000 "5 LEREH®, B Top 6 BEFT[E S, MASEIRMWLERKE Ttr, Hbb-bs, Mbp, Plpl,
Hba-al, Ptgds — BKZEM . ZI4HRE. BHARIR. DRI, 4. NE/MHETHEE — S— X ACEMAREIEN,
MAZHENESN, XERTEOTFEREHNES,

Mbp: UMAP vs tissue section
Linking UMAP clusters to anatomical structures

Mbp (UMAP) Mbp (tissue section)

Mbp
0o 2 4 6

6: i€ Mbp £ UMAP MART K ERE—KB—EE, LIHFEEXN UMAP 29— cluster, AIBEEXNMT R LN
A%, S—1PRAERN UMAP 2R EREMXAHEENEMZEXR, EERFR—EE, 28853 LEMR"X
2 XX B | XX #%ZE8 marker",

EIHCHIEL

RIS N T8RN . BCHEIRA (AR, M8, BF. BAXE) 1% Loadpata #BITH
Loadl0X_Spatial("~/path/to/outs") , ERAHNMIT. marker genes IRLALRIR: LLUIMANELIE, TILARAL EPcaM
(ERE). prerc (%9%). corial (BER); MAFLIRFIAREL av  (FF4EAE) . crun (BHPEREK). cyeeEl (=X
W), DEESHIEAR (Stereo-seq. Xenium) FIEEEK, E& Python 89 Squidpy Eifis.
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{E scRNA-seq HESE MR ER

Visium B spot BE SIS S MAK, HiEM cell type TRAEM. FRMERIEEZERTN scRNA-seq HiELS
Z, £ spot WRVARRARM G LR, ERAI AR RCTD, SPOTlight, CARD:

# SPOTlight ~ffll (3\: scRNA £Z& + Visium W)
library(SPOTlight)

sc_ref <- readRDS('"pbmc reference.rds") # RIREDTHERE

markers <- Seurat::FindAllMarkers(sc_ref)

spotlight res <- SPOTlight(
X = sc_ref,
y = brain,
groups = sc_ref$cell type,

mgs = markers

plotSpatialScatterpie(

X = brain,

y = spotlight res,
cell types = unique(sc_ref$cell_type),
img = FALSE

13589 scatterpie 7B spot (UEE—M/VHE, ERE cell type BEITLEG, BERINEAR: EBEEM cell type MILE
BIEARY R EREMEANBREFUE—H.

F3 Scanpy + Squidpy fi Python kR

Python £ T scanpy BLE squidpy AIAEBZRMLURRE, HIEHEFEEMNZTESIT (nhood enrichment, co-
occurrence %) :
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import scanpy as sc

import squidpy as sq

adata = sc.read_visium('"~/biof3-data/visium-mouse-brain/outs")

adata.var names_make unique()

sc.pp.calculate gc_metrics(adata, inplace=True)

sc.pl.spatial(adata, color="total counts")

sc.pp.normalize_total(adata, inplace=True)
sc.pp.loglp(adata)

sc.pp.highly variable genes(adata, flavor="seurat", n_top_ genes=2000)

sc.pp.pca(adata)
sc.pp.neighbors (adata)
sc.tl.umap(adata)
sc.tl.leiden(adata)

sc.pl.spatial(adata, color="leiden")

# TEIMHESE: B cluster EX[E_LLELIESE
sq.gr.spatial neighbors(adata)
sqg.gr.nhood_enrichment (adata, cluster_key="leiden")

sg.pl.nhood_enrichment(adata, cluster_key="leiden")

Scanpy/Squidpy I REEHIIRES D HRTEIEHE (Stereo-seq. MERFISH), EINAEFERYF, Visium R7IEE
MERREN, EERETAES.

modulelO_spatial_ sci.R

TE Visium /WEEZ=E SR 2
12 KB

SERR

e 10x Visium B 77344

e Seurat Spatial Vignette
* Squidpy Xt

» SPOTIlight

e Giotto Suite

HBXERELRS [£EEF3]

RRXEZTREAR, DEEMERFHMAIR,
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data:text/x-r-source;base64,
https://www.10xgenomics.com/products/spatial-gene-expression
https://satijalab.org/seurat/articles/spatial_vignette.html
https://squidpy.readthedocs.io/
https://marcelosua.github.io/SPOTlight/
https://drieslab.github.io/Giotto_website/

	09 空间转录组学
	09 空间转录组学
	主流空间技术对比
	用 Seurat 分析 Visium 小鼠脑
	空间变异基因
	真实示例：Visium 小鼠脑 Anterior 切片
	每张图看什么
	套到自己数据上

	把 scRNA-seq 当作参考做反卷积
	用 Scanpy + Squidpy 做 Python 版
	下载资源
	参考资源


