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Outline

1. Introduction of scRNA-seq

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

raw count matrix by cellranger count

3. Analysis of scRNA-seq data 2：Seurat standard pipeline for PBMC 3K

4. Analysis of scRNA-seq data 3：Further analysis by ggplot2, FindMarkers() and jjVolcano
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Single cell technology  is becoming a powerful tool in many area

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).
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Timeline of scRNA-seq
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scRNA-seq library preparation: droplet by 10X Genomics
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10X Genomics library preparation of 3’scRNA

https://www.10xgenomics.com/support
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10X Genomics library preparation of 3’scRNA
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10X Genomics library preparation of 3’scRNA
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10X Genomics scRNA rawdata in .fastq format

Path to rawdata/scRNA:
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10X Genomics scRNA rawdata in .fastq format
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Cellranger count: rawdata → cell x gene raw count matrix

Example cmd in shell:

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

Example output:
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Content of three output files
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Seurat in action

https://satijalab.org/seurat
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violin plot of gene counts per cell for each donor
常用质控图：此处假设PBMC 3K个细胞来源于3个donor，展示不同donor各自的gene counts per cell distribution

library(Seurat)
library(ggplot2)
library(data.table)
library(ggpubr)

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")

# violin plot for gene counts distribution
p = ggplot(data=metadata,aes(x=donor,y=nFeature_RNA,fill=donor)) +
  geom_violin(color=I("black"), width=1) +
  geom_boxplot(fill=I("white"), width = 0.1, outlier.shape = NA) +
  xlab(element_blank()) +
  ylab("Gene counts per cell") +
  theme_pubr() +
  theme(axis.text.x = element_text(angle=45, hjust=1),
        legend.position = "none")
ggsave("ggplot2.violin.gene.png", plot=p, dpi=600, height = 6, width = 8)
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barplot for cell type ratio change among donors

常用图：对比不同donor（或不同group）的cell type ratio 变化情况
library(Seurat)
library(ggplot2)
library(data.table)
library(ggpubr)

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
j = metadata[, .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

灵活运用FindMarkers函数，得到每个cell type中的case vs control差异表达基因，并使用jjVolcano进行可视化

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")
  tmp[,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)
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case vs control DEG in each cell type
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Using Bioconductor to learn clusterProfiler (KEGG/GO/GSEA …)

https://www.bioconductor.org/
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Thank you!
http://jianglab.group
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