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WIS

install.packages(c("Seurat", "dplyr", "ggplot2"))

if (!require("BiocManager", quietly = TRUE)) install.packages("BiocManager")

BiocManager::install(c("SingleR", "celldex", "clusterProfiler"))

Python if:

pip install scanpy python-igraph leidenalg

BN

Rz filtered feature bc matrix/ BE277FE (01 &4 02 Z=1) .

library(Seurat)
library(dplyr)
library(ggplot2)

data <- ReadlOX(data.dir = "path/to/filtered feature_bc matrix/")

pbmc <- CreateSeuratObject(

counts = data,
project = "PBMC3k",
min.cells = 3, # BERZENE 3 MARERXRIA
min.features = 200 # MREDKEMNE 200 NER
)
pbmc

Scanpy &M EiL:

import scanpy as sc
adata = sc.read_10x_mtx("path/to/filtered feature bc matrix/", var_ names="gene symbols")
sc.pp.filter cells(adata, min_genes=200)

sc.pp.filter genes(adata, min cells=3)

Seurat B9 min.cells ] min.features s&"BIIENHRINFICE—HIAE RN barcode # gene", TRRMREN QC
ﬂ;ll‘.\o

B &4z

REEN=I1 QC 1&5#:
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£ Seurat % Scanpy FE& SIETE
EHBEERE nFeature RNA n_genes_by counts 200 - 6,000
S UMI £ nCount_RNA total counts 500 - 50,000
SRAERLES]  percent.mt pct_counts_mt <5-10%
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pbmc[ [ "percent.mt"]] <- PercentageFeatureSet(pbmc, pattern = ""MT-")

# g ZERERERNER

pbmc|[ [ "percent.rb"]] <- PercentageFeatureSet(pbmc, pattern = ""RP[SL]")

head(pbmc@meta.data)

adata.var["mt"] = adata.var names.str.startswith("MT-")

sc.pp.calculate gc_metrics(

adata, gc_vars=["mt"], percent top=None, loglp=False, inplace=True,

B9

PBMC 3k quality control metrics
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VlnPlot (pbmc, features = c("nFeature RNA", "nCount RNA", "percent.mt"), ncol = 3)

# PMEUS: UMI vs ZRifR, uMI vs EREH
FeatureScatter(pbmc, featurel = "nCount RNA", feature2 = "percent.mt") +

FeatureScatter(pbmc, featurel = "nCount RNA", feature2 = "nFeature RNA")

HRELMEEERR: MTRETMERNES, BALARBESHHNRBEENMEE,

Quality control filtering on real PBMC 3k cells
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B 3: MERFHTERRE, ZERT UM BS5ERHNXR, GERT UM BSLHAERLFINXR. d8E4&RTT
EEE, FERNREBNMER, A idiEramm.

pbmc <- subset(pbmc,

subset = nFeature RNA > 200 & nFeature RNA < 2500 & percent.mt < 5
)
pbmc

sc.pp.filter_cells(adata, max _genes=2500)

adata = adata[adata.obs.pct_counts mt < 5, :]

314

TEERERNIFEREZEREE HEM £, HEIEER raw counts RIBRERE "SR "EMZEER", IWEXNBRZILE M
ERNRAEER—ZE L.

B & LA MR

e LogNormalize: 8P4 —HEIERE UMl (EAIA 10000), B loglp . R, BEHZE.
e SCTransform: fi_INEARE, BRI —HHEFRANEE. BRELF, BIE.

PBMC #Z#UER LogNormalize i%%; EXINEE SCTransform Ei&,
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# LogNormalize E&%

pbmc <- NormalizeData(pbmc, normalization.method = "LogNormalize", scale.factor = 10000)

# 3§ SCTransform &4 (FIEEN, MRAXTHBNEIEEMN ScaleData)

# pbmc <- SCTransform(pbmc, vars.to.regress = "percent.mt", verbose = FALSE)

sc.pp.normalize_total(adata, target sum=le4)
sc.pp.loglp(adata)
adata.raw = adata # /5EM FindMarkers BTFEEIRIKGITI—HCEIE

HIERER: HETER
—MNEMERAZNER, EXZHERETMEMAREHESRZ, RERLML ~2000 M EAREBZER K" NER
(highly variable genes), BEEI/MTEEXBEEEARRERNE,

Highly variable genes in PBMC 3k
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Mean expression

E4: sETRERGEE. BRTERNTFHREESEHRENXR, 1R ZRER, ImETH 10 T5ERERE,
pbmc <- FindVariableFeatures(pbmc, selection.method = "vst", nfeatures = 2000)

topl0 <- head(VariableFeatures(pbmc), 10)
LabelPoints(plot = VariableFeaturePlot(pbmc), points = topl0, repel = TRUE)
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sc.pp.highly variable genes(adata, min mean=0.0125, max_mean=3, min disp=0.5)
sc.pl.highly variable genes(adata)

adata = adata[:, adata.var.highly variable]

ZEH

PCA BHEETERT—HEIRYE 0 FE 1, BRERAEAFEIEMD ., vars.to.regress FIUFEX—FEIITIEZRIALE
Bl UMI #8515 = regress out:

pbmc <- ScaleData(pbmc) # EIARGEHNSETER

sc.pp.regress_out(adata, ["total counts", "pct counts mt"])

sc.pp.scale(adata, max_value=10)

PCA R4t

pbmc <- RunPCA(pbmc, features = VariableFeatures(pbmc), npcs = 50)

# FTENRIJL PCc £ loading EMER

print(pbmc[["pca"]], dims = 1:5, nfeatures = 5)

sc.tl.pca(adata, svd_solver="arpack")

S PC

PCA variance explained

0 PCs ysed for UMAP

Variance explained (%)

0 250 500 750 1000 1250
Principal component

5: PCA SZEMEREE (Elbow Plot) . BR T8 TEMDBBRANASELLS], ARELEINNETIEFEN PCEHE (20 17).
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& elbow plot: HEMBRTERALZTHNMUE, MESEN PC . PBMC EEIE 10-30, TRULERME 15 &2 20,
HEREFNRK,

ElbowPlot (pbmc, ndims = 50)

sc.pl.pca_variance ratio(adata, n_pcs=50)

PCA of real PBMC 3k cells
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B 6: PCAHRE, BRTEIMTENRS (PC1HPC2) MWAMSM, FRMEBRARTENRE,

5

2%
FRI%4FHY PC #9328 KNN B, B7EE LM Louvain/Leiden B2E, resolution EM—ERFNSE: E#K cluster #%,

pbmc <- FindNeighbors (pbmc, dims = 1:20)

pbmc <- FindClusters(pbmc, resolution = 0.5)

sc.pp.neighbors(adata, n_neighbors=10, n_pcs=40)

sc.tl.leiden(adata, resolution=0.5)

resolution RABNIEME. —HRM 0.5 iR, FEEREME marker gene MEEMFEMZFEAMIE. PBMC 3k 7£
resolution=0.5 TEEDH 8-9 1 cluster, W FERGMAHIER,
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UMAP T[#1t
UMAP AEARTIRELER (REZE PC TEMMM), REIEESHEWIRFTE 2D AEASE.,

UMAP clustering of PBMC 3k
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7: UMAP RERMMt, BRT 6 THRFAETE UMAP ZEHPN S, BFINETHENRS,

pbmc <- RunUMAP(pbmc, dims = 1:20)
DimPlot (pbmc, reduction = "umap", label = TRUE)

# Fl marker EF_LEGBIRIFERSE
FeaturePlot (pbmc, features = c("MS4Al", "CD79A", "CD3D", "CD8A"))

sc.tl.umap(adata)

sc.pl.umap(adata, color=["leiden", "CST3", "NKG7"])
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Real marker gene expression on PBMC 3k UMAP
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B 8: UMAP ERUIREERRIA, BT CD3D (T 4HlE). CD14 (BiZ4EM) . MS4A1 (B 4HRE) A NKG7 (NK ZHAE) A9
RIXER,

B UMAP R ERERS, BIEJLTELN marker BfERHAIL SR E—U1R CD3D WERIAXIFIRIFEEZE cluster, X
2% cluster £ T {HBAYIEE.

3% marker A

B cluster fI"EAth cluster SFI"HEFRIA, FBEBEX cluster #9 marker:

pbmc.markers <- FindAllMarkers(

pbmc,
only.pos = TRUE,
min.pct = 0.25,

logfc.threshold = 0.25

# B cluster BJ 5

pbmc.markers %$>% group by(cluster) %>% slice max(n = 5, order by = avg_log2FC)

marker
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sc.tl.rank genes_groups(adata, "leiden", method="wilcoxon")

sc.pl.rank genes_groups(adata, n_genes=25, sharey=False)

HEIE top marker EfE—iEE:
PBMC 3k marker gene expression by annotated cell type
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B 9: MoERRARE., BR T AEMBEENHIEGRSERRARR, S8IIRKR—THIEE,

topl0 <- pbmc.markers %>% group_by(cluster) %>% top_n(10, avg_log2FC)

DoHeatmap (pbmc, features = topl0O$gene) + NoLegend()

MARsRELER

Frh: %2428 marker 388
PBMC E=HI—H marker:
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YRS EY 2288 marker

CD4+T IL7R, CD4, CCR7 (naive) /S100A4 (memory)
CD8+T CD8A, CD8B

B MS4A1 (CD20), CD79A

NK GNLY, NKG7

1% CD14 CD14, LYZ

B1% FCGR3A FCGR3A, MS4A7

DSES FCER1A, CST3

Btz [ /) PPBP

I8 cluster B top marker JREE AR

new_ids <- c(
"Naive CD4 T", "CDl4+ Mono", "Memory CD4 T", "B",
"CcD8 T", "FCGR3A+ Mono", "NK", "DC", "Platelet"

)
names (new_ids) <- levels(pbmc)

pbmc <- RenameIdents(pbmc, new_ids)

DimPlot (pbmc, reduction = "umap", label = TRUE, pt.size = 0.5) + NoLegend()

Marker-based cell type annotation
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El10: HAREENERE UMAP B, RBR7T 6 MEZEMABLITE UMAP ZEFN S,
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Bzfh: SingleR

singleR E—MSERFEMSRIILERE, EGREZTRE:

library(SingleR)
library(celldex)

ref <- celldex::HumanPrimaryCellAtlasData()
sce <- as.SingleCellExperiment (pbmc)

pred <- SingleR(test = sce, ref = ref, labels = ref$label.main)

pbmc$singler <- predS$labels

DimPlot (pbmc, reduction = "umap", group.by = "singler")

BiIBRESME—RHE, BERZ cluster B E1Z[EE] marker gene + ATHIBT,

EFRTA: MALLR
HRZE, BARRENFRARMESRSH (LM CD4 TvsCD8T):

cd4_vs_cd8 <- FindMarkers(pbmc, ident.l1 = "CD4 T", ident.2 = "CD8 T")
head(cd4_vs_cd8)

sc.tl.rank genes_groups (
adata, "cell type", groups=["CD4 T"], reference="CD8 T", method="wilcoxon"

)

sc.pl.rank_genes_groups(adata)

INEEE

BEA cluster B9 marker ff GO/KEGG B, BEEFERE(TABE:

BioF3
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library(clusterProfiler)

library(org.Hs.eg.db)

cluster0_genes <- pbmc.markers %>%

filter(cluster == 0, p_val adj < 0.05) %>% pull(gene)

gene_ids <- bitr(cluster0_genes,

fromType = "SYMBOL", toType = "ENTREZID", OrgDb = org.Hs.eg.db

ego <- enrichGO(

gene = gene_ids$ENTREZID,
OrgDb = org.Hs.eg.db,
ont = "BP",

pAdjustMethod = "BH",
pvalueCutoff = 0.05

)
dotplot(ego, showCategory = 10)

kk <- enrichKEGG(gene = gene_ ids$ENTREZID, organism = "hsa")
dotplot(kk, showCategory = 10)

RFLER

saveRDS (pbmc, "pbmc analyzed.rds")
write.csv(pbmc@meta.data, "metadata.csv")

write.csv(pbmc.markers, "marker_genes.csv")

adata.write("pbmc_analyzed.h5ad")

DIEANSE —RRRARAET, TAENNSHABRSHERERA.

THER

module04_complete_sci.R
16 KB

T—%
2&2;@'?;_] 04 %2 Ii@:kmgi&za,

SERR
e Seurat PBMC 3k ##2
* Scanpy #ig

o HUISESTE

BioF3

03 FmEEH . RESMMERTR

THRERERMZE »

13 /14


data:text/x-r-source;base64,
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/single-cell/module04/index.html
https://satijalab.org/seurat/articles/pbmc3k_tutorial.html
https://scanpy-tutorials.readthedocs.io/
https://www.sc-best-practices.org/

BioF3 HFEIEH T 03 FERH. RESMIMLEER

HBXERELRS [£EEF3]

REXERBAR, 2EEMERFRMAIR,

BioF3 14 /14



	03 质量控制、聚类与细胞类型注释
	03 质量控制、聚类与细胞类型注释
	流程概览
	环境准备
	读入数据
	质量控制
	计算指标
	看分布
	过滤

	标准化
	特征选择：找高变基因
	缩放
	PCA 降维
	选多少个 PC

	聚类
	UMAP 可视化
	找 marker 基因
	细胞类型注释
	手动：按经典 marker 对照
	自动：SingleR

	差异表达：两组比较
	功能富集
	保存结果
	下载资源
	下一步
	参考资源


