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RNA-seq (RNA-sequencing): examine the quantity and sequences of RNA in a sample using next-

generation sequencing (NGS).
It analyzes the transcriptome, indicating which of the genes encoded in our DNA are turned on or off and to

what extent.
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- BEMIBERANRF bulk RNA-seq
- ERYMREEERANRE single cell RNA-seq
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* FBIEK short read length:

llumina:
ERRE

 {K3EK long read length:

PacBio Iso-Seq: 10-20kb
Oxford Nanopore: >100kb
TEERFERAR

Next-generation sequencing

generations of tech
1st generation

Sanger sequencing, 1 read at time (1977-present)

2nd generation
“short-reads” sequencing, millions of reads at a time

llumina (2006 - present)

3rd generation
“single molecule” sequencing, no amplification needed

PacBio, SMRT (2010-present)
Oxford nanopore, minlON (2015 -present)
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| s£2EMEE Workflow

[Hlumina

- lllumina sequencing

genomic DNA
~—isolating and amplifying clones
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[Hlumina

sequencing by synthesis

polymerase
reversible terminator fluorescent dNTPS

If complementary, polymerase adds it
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PacBio Single Molecule Real-Time Sequencing (SMRT) Oxford nanopore sequencing (MinlON)
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- BEMIBERANRF bulk RNA-seq
- ERYMREEERANRE single cell RNA-seq

Bulk RNA sequencing
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10X genomics
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| 2R RENRE Workflow

10X genomics

Single cell GEMs undergo RT

see to generate 10x Barcoded cDNA

v
All generated cDNA from individual
cells share a common 10x Barcode
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3 matrix:

barcodes

genes

matrix

jmzengdeMacBook-Pro:SRR7722939 jmzeng$ head barcodes.tsv jmzengdeMacBook-Pro:SRR7722939 jmzeng$ head genes.tsv jmzengdeMacBook-Pro:SRR7722939 jmzeng$ head matrix.mtx
AAACCTGAGCGAAGGG-1 hg38_ENSGE00e0243485 hg38_RP11-34P13.3 %%MatrixMarket matrix coordinate integer general
AAACCTGAGGTCATCT-1 hg3s_ENSGE@@e237613  hg38_FAM138A %

AAACCTGAGTCCTCCT-1 hg38_ENSGO@@00186092  hg38 ORAFS 33694 2049 1878957

AAACCTGCACCAGCAC-1 hg38_ENSGEG2Ae238009  hg38 RP11-34P13.7 2811

AAACCTGGTAACGTTC-1 hg3s_ENSGE@@MP239945  hg38 RP11-34P13.8 55 1 2

AAACCTGGTAAGGATT-1 hg3s_ENSGP@EAR239906  hg38 RP11-34P13.14 59 11

AAACCTGGTTGTCGCG-1 hg38_ENSGE@@e241599  hg3® RP11-34P13.9 60 11

AAACCTGTCCTGCCAT-1 hg3s_ENSGEE2MP279928  hg38 F0538757.3 62 1 1

AAACGGGAGTCATCCA-1 hg38_ENSGE@8ee279457  hg38_F0538757.2 78 1 2

AAACGGGCATGGATGG-1 hg38_ENSGO@800228463  hg38 AP8@6222.2 111 1 1

2049 barcodes.tsv Celll Cell2 ... CellN

Genel| 3 2 13
33694 .t '
genes.tsv 5 3 | 3

1878960 matrix.mtx Gene3 | 1 14
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HEARE:
python:

SCanpy. https://scanpy.readthedocs.io/en/stable/
Nichenet: nhttps://github.com/saeyslab/nichenetr

Scenic: https://github.com/aertslab/SCENIC

R:

seurat:https://satijalab.org/seurat/

monocle:

https://cole-trapnell-lab.github.io/monocle3/

CellChat:https://github.com/sgjin/CellChat
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Eéﬂﬂﬂgg%ﬁﬁ' ﬁ*ﬁ’t*ﬂ =+ Data(D:) > pbmc3k filtered gene bc_matrices > filtered_gene_bc_matrices
& A NILTE

hg19
TR e = TR e
ﬂ:i%@ﬂg & ;&TE _Fdﬁ =k a e sz S
Rstudio VerSion : 433 (R>=4OE|]EJ') |D barcodes.tsv 2016/5/27 7:00 TSV i 45 KB
. [ genes.tsv 2016/5/27 7:00 TSV X 798 KB
Seurat version: 5.2.0 2 matis 2016/5/27 700 T s 27520k

A, iFARE:

install.packages("dplyr") library(dplyr)
install.packages("patchwork") library(Seurat)
install.packages('Seurat’) library(patchwork)

FUET &L : https://cf.10xgenomics.com/samples/cell/pbmc3k/pbmc3k_filtered _gene bc_matrices.tar.gz

ENiEisERY -

pbmc.data <- Read10X(data.dir = "D:/pbmc3k_filtered gene bc matrices/filtered gene bc matrices/hg19/")

#B SIS matrixfF IR E
# Initialize the Seurat object with the raw (non-normalized data).

pbmc <- CreateSeuratObject(counts = pbmc.data, project = "pbmc3k", min.cells = 3, min.features = 200)

[)t)fT](: > Tibrary(dplyr)

> Tlibrary(patchwork)
> # Load the PBMC dataset
> pbmc.data <- ReadlOX(data.dir = "D:/pbmc3k_filtered_gene_bc_matrices/filtered_gene_bc_matrice
s/hgl9/")
> # Initialize the Seurat object with the raw (non-normalized data).
> pbmc <- CreateSeuratObject(counts = pbmc.data, project = "pbmc3k"”, min.cells = 3, min.feature
s = 200)
warning: Feature names cannot have underscores ('_'), replacing with dashes ('-")
> pbmc
An object of class Seurat
13714 features across 2700 samples within 1 assay
Active assay: RNA (13714 features, 0 variable features)
1 layer present: counts
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pbmc[["percent.mt"]] <- PercentageFeatureSet(pbmc, pattern = "*"MT-")

VInPlot(pbmc, features = c("nFeature RNA", "nCount_ RNA", "percent.mt"), ncol = 3)

pbmc <- subset(pbmc, subset = nFeature RNA > 200 & nFeature_ RNA < 2500 & percent.mt < 5)

nFeature_RNA nCount_RNA percent.mt nFeature_RNA nCount_RNA percent.mt
2500 A _ | _
15000 -
. : 151
10000 A ’ |
1500
2000 A . 5000 1
1000 1
5000 A
1000 A 2500 A1
; 500 1
- N
83&—

|dentity |dentity |dentity |dentity Identity |dentity
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all.genes <- rownames(pbmc)

pbmc <- ScaleData(pbmc, features = all.genes)

pbmc <- RunPCA(pbmc, features = VariableFeatures(object = pbmc))
print(pbmc][["pca"]], dims = 1:5, nfeatures = 5)

VizDimLoadings(pbmc, dims = 1:2, reduction = "pca")

pbmc <- FindNeighbors(pbmc, dims = 1:10)

pbmc <- FindClusters(pbmc, resolution = 0.5) g
pbmc <- RunUMAP(pbmc, dims = 1:10) L A
DimPlot(pbmc, reduction = "umap")
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HEZRERL:

HERER

cluster2.markers <- FindMarkers(pbmc, ident.1 = 2)

BRI

head(cluster2.markers, n = 5)

#E[HERRIE
VInPlot(pbmc, features = c("MS4A1", "CD79A"))

FeaturePlot(pbmc, features = c("MS4A1", "GNLY", "CD3E", "CD14", "FCER1A", "FCGR3A", "LYZ",

"PPBP","CD8A"))

VinPlot(pbmc, features = c("MS4Al",

Expression Level
[\¥]

"CD79A™))
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new.cluster.ids <- ¢c("Naive CD4 T", "CD14+ Mono", "Memory CD4 T", "B", "CD8 T", "FCGR3A+
Mono","NK", "DC", "Platelet")

names(new.cluster.ids) <- levels(pbmc)

pbmc <- Renameldents(pbmc, new.cluster.ids)

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