BioF3 HFEIBEH T 04 SHABIBERES

BIOF3 HEHIEDT

04 SHEARIIEES

SHEE: 202658120
04 ZHFEALIEES

WRIFFLRE-THELR, E-ENREETMERFI—MHIBIER., BEIHALFHESMEA: JBrAXR4A. 11T
MK, RRARSI. FERER. BEMKRER—®K UMAP EHAIEE, fORBMESIHEEMMERERREARES
BB RNAR—XZENSE LRNERE TR BRI,

HIRES (integration) MIBMIFMEIEMRANRIE, 1L "E—XKAR" TS MEAZEXTT, MAMEEINENFEEZRE
—iEiiE, AERERBEHEEMNT 4R T, BAK Seurat / Harmony / scVI BISEFRE A,

ESTHUREMN

ATIECEIFRYE PBMC 3k HESLHEREIR barcode IFYILHA subset, FERESHEIZEAE, EFIRESXE
WERIR, EXSHADERMIZIE subset |AZ TEIHA,

HEIRSSSZ MRS
HORATAAER S Fisk:

o FARM: FEMFHR. FELENMBE. REILFIMRZA (chemistry v2 vs v3) . RNERIEAR. TEMIERE,
o AipEFEM: REME, AEALR. FEES. FEMIERMYE, XEAGHEEERARES, FAN"BES IRESFR/IO
EEHERE,

Integration metadata checks before combining real samples

Sequencing run 1 Metadata to inspect

Operator A Metadata to inspect
Reagent lot Metadata to inspect
Category
Biological
Technical
Donor | Biology to preserve
Tissue site 1 Biology to preserve

Treatment state 1 Biology to preserve
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BR: MRFEE, TEMRNARSE UMAP LOFRME, E—THREREIWDEARE cluster, ZEROTE"FMH A
vs & B"MONERALERTEERHRESR

Pebrivriti

5 I8 HEE BRI

CCA | RPCA Seurat oS HEARBA 7D HZARAE LR
Harmony harmony (R/Py) 'S AEHENMGENEL

scVI [ scANVI scvi-tools 18 (GPU 1R) HAREAR, BMMREE
LIGER liger H B, BRARE
ComBat sva o3 (UDRRIE, TMUARERES

Common integration methods and their expected inputs

Expression matrix

Matrix factorization

Raw counts

PCA embeddings

Anchors

Harmony scVI ComBat
Method

2: TERBEHENNLE, BRT CCA. Harmony. scVl, LIGER #1 Combat AMAETEIRE . HRMNATT BME=1 1%
ERIED .

SERREIN: A=THASGE Harmony, ER. SASHIHREA. TFE GPU, BF Harmony BETEHIRBESHBR
CCA/RPCA T scVI,

Seurat CCA &

Seurat IS DTS SHEARBINFALIE > 3% anchor > 7£ integrated assay _E &5,
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BEASTHEE

library(Seurat)
samplel <- Readl0X("samplel/filtered feature_bc_matrix/")
sample2 <- Readl0X("sample2/filtered_ feature bc_matrix/")

sample3 <- ReadlOX("sample3/filtered feature bc matrix/")

pbmc.list <- list(

samplel = CreateSeuratObject(samplel, project = "samplel"),
sample2 = CreateSeuratObject(sample2, project = "sample2"),
sample3 = CreateSeuratObject(sample3, project = "sample3")

)

BB E

pbmc.list <- lapply(pbmc.list, function(x) {
x <- NormalizeData(x)
X <- FindvVariableFeatures(x, selection.method = "vst", nfeatures = 2000)
b4

)

¥ anchor HE &

MKE R —EE: EKEEALE, MRBESEFTE cluster E=PHEAHIIYLI; EKE cluster £t

oA

BioF3

features <- SelectIntegrationFeatures(object.list = pbmc.list)

anchors <- FindIntegrationAnchors(object.list = pbmc.list, anchor.features = features)

pbmc.combined <- IntegrateData(anchorset = anchors)

DefaultAssay(pbmc.combined) <- "integrated"

pbmc.combined <- ScaleData(pbmc.combined, verbose = FALSE)

pbmc.combined <- RunPCA(pbmc.combined, npcs = 30, verbose = FALSE)
pbmc.combined <- RunUMAP (pbmc.combined, reduction = "pca", dims = 1:30)
pbmc.combined <- FindNeighbors (pbmc.combined, reduction = "pca", dims = 1:30)

pbmc.combined <- FindClusters(pbmc.combined, resolution = 0.5)

DimPlot (pbmc.combined, reduction = "umap", group.by = "orig.ident")

DimPlot (pbmc.combined, reduction = "umap", label = TRUE)
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Real PBMC 3k subsets in PCA space
Deterministic barcode subsets from the public matrix

PC2

10 0
PC1

04 BHABIERS

Subset
° Subset 1
° Subset?2
° Subset3

3: PBMC 3k HEL4BAETE PCA =[BHR) barcode subset 5%, XEARMERIRMN, RERESLAEMRITTE LA,

Real PBMC 3k subsets in UMAP space
UMAP from real PCA coordinates

UMAP2

UMAP1

BioF3

Subset
e Subset 1
° Subset2
° Subset3
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4: PBMC 3k HEX4HRETE UMAP Z=[EHH] barcode subset 971, ERTERUEFERSBRNAE TMRELES
ERZHAEER,

Real PBMC 3k subset views from computed coordinates

PCA view UMAP view
Deterministic barcode subsets from the public matrix UMAP from real PCA coordinates

Subset 0
© Subset1
© Subset2
© Subset3

Subset
© Subset1
© Subset?2
© Subset3

PC2
UMAP2

PC1 ° umapt
B 5: E—#tESE PBMC 3k 4B PCA 5 UMAP MIENLE, AT S ISUTEIN A E LR, SENMEmERIEN,

F SCTransform 8
SCTransform ARAs:

pbmc.list <- lapply(pbmc.list, SCTransform)

features <- SelectIntegrationFeatures(object.list = pbmc.list, nfeatures = 3000)

pbmc.list <- PrepSCTIntegration(object.list = pbmc.list, anchor.features = features)

anchors <- FindIntegrationAnchors(

object.list = pbmc.list,
normalization.method = "SCT",
anchor.features = features
)
pbmc.sct <- IntegrateData(anchorset = anchors, normalization.method = "SCT")

pbmc.sct <- RunPCA(pbmc.sct, verbose = FALSE)

pbmc.sct <- RunUMAP(pbmc.sct, reduction = "pca", dims = 1:30)

Harmony &

Harmony 2 BRIRE BIEESH R, BRREERIZE PCA ZEXNE PC Mith/XIRIE, TFHE integrated assay, Tiff
SMtD)%E| reduction = "harmony" FHiT.
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library(harmony)

pbmc.merged <- merge(
pbmc.list[[1]], ¥ = c(pbmc.list[[2]], pbmc.list[[3]]),
add.cell.ids = c("s1", "s2", "s3")

pbmc.merged <- NormalizeData(pbmc.merged) |>
FindvVariableFeatures() |>

ScaleData() |>

RunPCA()
pbmc.harmony <- RunHarmony (pbmc.merged, group.by.vars = "orig.ident")
pbmc.harmony <- RunUMAP (pbmc.harmony, reduction = "harmony", dims = 1:30)
pbmc.harmony <- FindNeighbors (pbmc.harmony, reduction = "harmony", dims = 1:30)

pbmc.harmony <- FindClusters (pbmc.harmony, resolution = 0.5)

DimPlot (pbmc.harmony, reduction = "umap", group.by = "orig.ident")

DimPlot (pbmc.harmony, reduction = "umap", label = TRUE)

Marker-based PBMC cell type view

10
5 B
o Cell type
N
& B cells
Monocytes
= y
=] NK cells
T cells
_5 4
-1 0 -

UMAP1

B 6: ETHSE marker RIAFTH15EIA9 PBMC MRS EIIE, BR T 4HAE. B 4BAE. BAXEAEA NK 4AH7E UMAP =jE)H
:SpaiE
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Python i scVI @ Harmony

scVI
scVI LD BRERMIRES, #AZHEMBEREENEGE, £ GPU LRI,

import scanpy as sc

import scvi

adatas = [
sc.read_10x_mtx("samplel/"),
sc.read_10x_mtx("sample2/"),

sc.read_10x_mtx("sample3/"),

for i, ad in enumerate(adatas, 1):

ad.obs["batch"] = f"sample{i}"

adata = adatas[0].concatenate(*adatas[1l:])

sc.pp.filter cells(adata, min_genes=200)

sc.pp.filter_genes(adata, min_cells=3)

sc.pp.normalize total(adata, target sum=le4)

sc.pp.loglp(adata)

sc.pp-.highly variable genes(adata, n_top genes=2000, batch_key="batch")

scvi.model.SCVI.setup anndata(adata, batch_key="batch")
model = scvi.model.SCVI (adata)
model.train()

adata.obsm[ "X scVI"] = model.get_latent representation()

sc.pp.neighbors(adata, use rep="X scVI")
sc.tl.umap(adata)
sc.tl.leiden(adata)

sc.pl.umap(adata, color=["batch", "leiden"])

Harmony (Python)

import scanpy as sc

import scanpy.external as sce

adata = adatas[0].concatenate(*adatas[1l:])
sc.pp.normalize_total(adata)
sc.pp.loglp(adata)

sc.pp.highly variable_genes(adata)
sc.pp.scale(adata)

sc.tl.pca(adata)

sce.pp.harmony integrate(adata, "batch")
sc.pp.neighbors(adata, use rep="X pca harmony")
sc.tl.umap(adata)

sc.tl.leiden(adata)

sc.pl.umap(adata, color=["batch", "leiden"])
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BLBEBSRIRAMIT

Subset QC balance Subset composition by cluster

100% 1 100%

75% 75%
c
s "
g Metric Subset

s

[} cells = Subset 1
o 50 B 50%
g 50% median_genes § i Subset 2
E median_umi w Subset 3
[}
4

25% 25%

0% 0%
Subset 1 Subset 2 Subset 3 1 2 3 4
Cluster

7: PBMC 3k barcode subset 9 QC F## cluster 4HA%, 1EZHEARINAE AJAIEIX B subset Z##EpESE sample 3
batch,

“HEERNHR: HRES + cluster BMEE + EMFZERRE,

1. #t/%ES (visual)

pl <- DimPlot (pbmc.merged, reduction = "umap", group.by = "orig.ident") +

ggtitle("EEH")

p2 <- DimPlot(pbmc.combined, reduction = "umap", group.by = "orig.ident") +
ggtitle("E&E")
pl + p2

EA=THAZHA=IR; BEEER— cluster BE=MFARNIZIID DM,

2. EEiF&: LISI
LISI (Local Inverse Simpson's Index) #&"—THRFARESEREZOAEHUR". EREFARERBIUORS, &1 5
PRREHREE—#HR (REEHE).

library(lisi)

lisi_scores <- compute_ lisi(
pbmc.combined@reductions$pcalcell.embeddings,
pbmc.combined@meta.data,
c("orig.ident")

)

summary(lisi_scores)
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3. EMFERKRHE

Real coordinate views for integration diagnostics

PCA UMAP

Dimension 2

Dimension 1

Subset ° Subset1 ° Subset2 ° Subset3

8: HSL PCA 5 UMAP 41 ~BY barcode subset ZWiflE., ERTEFRESE, TEMIRSITESEENETLIN
%0

# marker RIANIZEXNH) cluster bt
FeaturePlot (pbmc.combined, features = c("CD3D", "CD14", "MS4Al", "NKG7"))

# MREAT vs WR"XMEMFES, splitsby HB—TEEMIIE
DimPlot (pbmc.combined, split.by = "condition")

Real marker expression across PBMC 3k barcode subsets

Subset . Subset 1 . Subset 2 . Subset 3

Mean log1p expression

0.

[

0.0

Marker gene

9: PBMC 3k marker EE7 B barcode subset FHFEIHRIX, BFHRESHZIE marker EESEEHRFERE,
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ST ENBEIRI: cluster BRREL. marker gene TMEIZEMABAY marker, E—%M vs FRIZHNERHEIRT, BF
X5 R ERIEAE k.anchor T k.weight , S{E RPCA,

BEZRHMESSH
EZSPDWABER integrated assay (BEZRTEMEIRTY, RABCEFTEEMEFEX ENRET)., EY)E rva (T

scT ) :

DefaultAssay(pbmc.combined) <- "RNA"

Idents (pbmc.combined) <- "cell type"

cd4_treated vs_ctrl <- FindMarkers(

pbmc.combined,

ident.1 = "treated",
group.by = "condition",
subset.ident = "CD4 T",
test.use = "MAST"

)
head(cd4_treated vs_ctrl)

S 1% cell_type 48 - AALLER treated vs control > S MARE R —HERE,

Real-data integration preparation workflow

3,000 1
Load matrix Qc Normalize
)
A

2,000 1
-
c
=]
o
[3)
-
>
o
5
o VG

1,000 A

CA UMAP Validate
)
01 o\
1 2 3 4 5 6 7
Step

E 10: EXHEBRSHAESRTE, BTMEMZER. QC, 13—, 8XERE. PCA, UMAP RBIFNEENER.

THZRIR

moduleO5_complete_sci.R

15 KB THERERMZE »
T—%
o 05 HERTS Bt F DT
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data:text/x-r-source;base64,
file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/single-cell/module05/index.html

BioF3 HFEIEH T 04 BHABIERS

o 06 “AfFEiRy

SERR

e Seurat BEHEE
e Harmony X#4

o scVI #iz

e Luecken et al. 2022, Benchmarking_atlas-level data integration

HABXEMELNRS [£EF3]
RRXEZTREAR, DEEMERFHMAIR,
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file:///Users/zhangdiandian/Documents/1.WorkDir/BioinfoTools/BioF3/exports/articles/single-cell/module06/index.html
https://satijalab.org/seurat/articles/integration_introduction.html
https://portals.broadinstitute.org/harmony/
https://docs.scvi-tools.org/
https://www.nature.com/articles/s41592-021-01336-8
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