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Jl EHER: 10X Visium

Visium: TEHREEAFRMCNESEFEERFAN—FREAR, FERINERNERREKFHNER, 5KE
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I Seurat 94 10X Visium £{iE

(1) &dERiR: MR A, B MEERRERRFEA (i) EEREERI A

Seurat TS EIEHEATEC:

«  Gene-spotFRiXFEfF (spotrlEEE 2L/ NE)

- HIEREMBIHERERENALRT FER

- BRIGE S VEREGRS BT OUCRY RS PR E R BRI R F

> brain

An object of class Seurat
31053 features across 2696 samples within 1 assay
Active assay: Spatial (31053 features, O variable features)

1 image present: anteriorl

> brain@assays$Spatial[1:4,1:4]
4 x 4 sparse Matrix of class "dgCMatrix"
AAACAAGTATCTCCCA-1 AAACACCAATAACTGC-1 AAACAGAGCGACTCCT-1 AAACAGCTTTCAGAAG-1
Xkr4
Gm1992
Gm37381
Rp1l

@ brain 54 [31053 x 2696] (Seurat:Seural 54 object of class Seurat
© zssays list [1] List of length 1
© Spatial 54 [31053 x 2698] (Seurat:Assay) 54 object of class Assay
counts 5431053 x 2698] (Matrix:dgCM 54 object of class dgCMatrix
data S4[31053 x 2696] (Matrix:dgCM 54 object of class dgCMatrix
scale.data double [0x 0]
key character [1] ‘spatial_'
assay.orig NULL Pairlist of length 0
var.features legical [0]
meta.features list [31053 x 0] (S3: dataframe) A data.frame with 31053 rows and O columns
misc MNULL Pairlist of length 0
meta.data list [2696 x 5] (53: data.frame) A data.frame with 2696 rows and 3 columns

active.assay

character [1]

‘Spatial’

active.ident factor Factor with 1 level: "anterior1”
graphs list [0] List of length 0
neighbors list [0] List of length 0
reductions list [0] List of length 0
© images list [1] List of length 1
@ anteriorl 54 [599 x 800] (Seurat:Visium\/1) 54 object of class VisiumV1
image double [399 x 600 x 3] 072207220722 0.7180.718 0.7180.722 0.718 0.722 0.722 0.718 0.718 0.722 0. ..

© scalefactors
spot
fiducial
hires
lowres

coordinates

lizt [4] (53: scalefactors)
double [1]

double [1]

double [1]

double [1]

list [2696 x 5] (53: data.frame)

List of length 4
072117
1445412
072117
005163511

A data.frame with 2696 rows and 5 columns

spotradius double [1] 0.012439

assay character [1] ‘Spatial’

key character [1] ‘anterior]_'
project.name character [1] ‘antericr]’

misc
version
commands

tools

list [0]
list [1] (33: package_versicn, nurr
list [0]
list [0]
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I Seurat 947 10X Visium £4

(1) &gk NS A, B NELRIRIER] RIS (ELEChY)

ident ident
anteriort anterior2

nCount_Spatial

60000 -

40000

. anterior?

20000

& 31053 features
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3353 samples
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I Seurat 9% 10X Visium 35
(2) FRMER: KRB REAEAN (SR SCRNA-seq iRl

{4
RS (LogNormalize#) BHISASpotBEIERIIEA/, XA AREE

$E I FEHsctransform #aZEIEN{LAI T —TNEEFRAEEY

brain <- SCTransform(brain, assay = "Spatial", verbose = FALSE)
# EEXEREASEL: variable.features.n = 3000 (ERIAEIEAIE3I000NSZSEEA)
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l Seurat 94 10X Visium Z3E
(2) FAME: FREWERNRERERNS N (S%EscRNA-seqEdESE{)

+ SCTransform 5 LogNormalize BftRENTIEZBINER: ITEESMEES nCount_Spatial HE2MEXY, RIEERNTIREKFE
Hp4H, &BLogNormalize () RIRI=AHEREZFRIXS nCount Spatial 8XMiEE (BNRBERDIVENEERIAE)

Log Normalization SCTransform Normalization
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Jl Seurat $3#F 10X Visium 532
(2) PR BERFANTIL (WFNEAMEIE, HpcaR EDAIIRCER, TrRiEMRCER)

- alpha: REFIMIEKERE, ALBRARENRIRENEEH

I .

r
00 25 50 75 00 25 50 75

alpha = 0.9 alpha = ¢(0.1, 1)
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I Seurat 947 10X Visium £43E

(3) Bedfe, SR TIHAL: PRMEEEREAIEEMSCRNA-seqiE (L

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

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

UMAP_2

LI B R O BRI N B N NN
= DWW~ DmN A WN = O

UMAP 1
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I Seurat 947 10X Visium £43E

(3) BefE. BR2K. wIlfE: ATOMLRSKEBAGR (BiittX o BN EIZSENE)

2 1 4 3
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I Seurat 73t 10X Visium £
(3) Motk BEK. EIML: RERLHE

=

l Reset LinkedDimPlot
ident
54 3
.3 ‘.L'..
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UMAP_1
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Seurat 2fr 10X Visium &z
(4) TEETERILEE: MfAE FindMarkers EREFN FindSpatiallyVariableFeatures EREY

 FindMarkers B#UHRIERE X iFRIclusterglE celltypei TitE (FAscRNA-seq#HEHD )

p_val avg_log2FC pct.l pct.?2 p_val_adj
. WU;ZD ClUStGFS*DGZf@E"J%ﬁE Calb2 6.427214e-69  3.336874 1.000 0.537 1.135560e-64

Camk2nl 1.519204e-68 -2.450388 1.000 1.000 2.684130e-64

Nrgn 1.573095e-68 -3.229826 0.971 1.000 2.779344e-064
Calb20‘ -
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Seurat 947 10X Visium £0E
(5) TERERELRIERIERR)FEFE: ikFclusterfIF&E, AETLIRETE(EHTH—STHY

cortex <- subset(cortex, anteriorl_imagerow > 275 &
cortex <- subset(brain, idents = c(1, 2, 3, 4, 6, 7)) anteriorl_imagecol > 370, invert = TRUE)

0 , col150

cortex <- subset(cortex, anteriorl_imagerow > 400 | cortex <- subset(cortex, anteriorl_imagerow > 250 &
anteriorl_imagecol < 150, invert = TRUE) anteriorl_imagecol > 440, invert = TRUE)
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I Seurat 94 10X Visium Z3E
(6) ST EEIERES: IEARNSK A
EOBSIRIRIIE: HRISCTHELS Bmerge s, Z/EMM. BE. L

orig.ident
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o 3 15
I 4 16
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= 0 6 18 = 04
= 7 19 2
8 20
9 21
10 ® 22
11
51 5
101 104

~10 -10

UMAP_1 UMAP_1
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ident

3

anterior1

e 12
° 13

s 18
e 19

anterior2

®0 * 13
e« 1+ 14
2 & 15
® 3 ® 16
4 * 17
® 5 = 18
®6 * 19
=7 + 20
*# g8 *+ 2
9 * 22
® 10 » 23
1 * 24
® 12 + 25
ident

° 0

1
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orig.ident
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] LPEH: H4RscATAC-seq
BRI KN (scATAC-Seq) | EES N MIEBFABCREREKE;,, BIRBA_EnTL
HREF. ARBEFESHIREBREKE,

> DNAZEREERS: 1R5IHIRF A9 E R X,

Closed
chromatin

> M EHIDNARSINENEES &Y (B
Amplify & BT eEENFREAIEEEEETNS) IDAZI4H
and

sequence gz, BARFRERERK, BFEAECHFE
At REFTPCRIGNIRE

S B > >

chromatin

ATAC-Seq
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J LHEm: HARscATAC-seq
YRR RMENRF: EF 10X Genomics

Gel Beads
P 103 Inside Individual GEMs Pooled Amplified DNA Processed in Bulk
sse E Read IN g mmmmmmmm—— T e
Sove| PS5  ReadIN Read 2N P ‘ Sample
ove | . ' 10x Index N
" : 10y e— _— P5 B Read IN W
-ll....f : Barcode BN [ o—)
o Read 2N
O,
s — — Priming l
—— — =
: : L
- - :  Denaturation, Linear Amplification , ' T R ] r——
Gel Beads Chromium Next GEM Chip H . P
—— — ———— S
e — — [
ki s PCR l
: Linear Amplification Product | : - ample Index s
e ‘ : i ample
> . . @ .) »GEMs ! ! ' Index N
= — — e E—— ———
e — pe=———— - .
o ——— —— — P5 - ‘ Read IN Insert Read 2N
10x B%FCOde i P5 10x Read IN Insert Read 2N : edag
Gel Beads
Nuclei : 10x Barcoded DNA Fragments B R R e S P S S R S Sk P S e
Enzyme

> ATACERE ERIFEFIFARBUMI, BAEEEBRE—IT > SCATAC-seqdIDNARERZBPolyAR, EXmftZhY
F5, TEERNA—FEE B TnSEgsEREEIIR A Radaptors HER, RILASHR
> R RimAESL5 [¥IRead 1N{EEPolyT %k FAYRead 1NFESIEAR
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Jl Cell Ranger ATAC

Cell Ranger ATACEAEChromiumEZ&7=4/IscATAC-seq#HERVIE, BRI TN ERS

~ cellranger-atac mkfastq

B luminaill R A R HYRIABCLIZ (461 g FASTQIZ (4,
Xfbcl2fastqREuHITEEES, FHIERT 10X Genomics
e E

cellranger-atac count

HITATACEES T, BIrEE:

« Read filtering and alignment

« Barcode counting

« Identification of transposase cut sites

« Detection of accessible chromatin peaks

« Cell calling

« Count matrix generation for peaks and transcription factors
« Dimensionality reduction

« Cell clustering

« Cluster differential accessibility

y

.

J

, cellranger-atac aggr

B RLRIZIMEA (BE) , BAERA:

« Normalization of input runs to same median fragments per
cell (sensitivity)

« Detection of accessible chromatin peaks

« Count matrix generation for peaks and transcription factors
for the aggregate data

« Dimensionality reduction

« Cell clustering

« Cluster differential accessibility

° Chemistry batch correction

\

~ cellranger-atac mkfastq

XJcountaiEaggriEpHISXHERSERIT IR DT, BF:
« Cell calling
Dimensionality reduction, Cell clustering

« Cluster differential accessibility
\.
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J MESAEHERISERE (cellranger-atac)

(1) G TEAEREEE

« cellranger-atac FEElE:  https://support.10xgenomics.com/single-cell-atac/software/downloads/latest (fEIESRITTEZEER)
- BERABZERS|INHE: OEMEETE; ORIBEREAFASTANAFIGTFN 41 EREZS| (cellranger-atac mkref)

cellranger-atac-2.1.0 cellranger-atac cellranger-atac-2.1.0 refdata-cellranger-arc-6RCh38-2020-A-2.0.0

« cellranger-atacf#/ =314

subcommand(s) _

- cellranger-atac{sEFE#5E

— bin Process 10x Genomics Chromium Single Cell ATAC data — fasta ;
enome.Ta
atac USAGE: genome.fa.amb
cellranger-atac cellranger-atac <SUBCOMMAND:> genome. fa.ann
cellranger_atac_internal genome. fa.bwt
+ . - - " e genome ., fa. fai
tenkit OPTIONS: . . . genome. fa.pac
— builtwith.json -h, --help Print help information genome.fa,sa
L . bin;’cellranger-atac -V, --version Print version information - ?ﬂes
— external SUBCOMMANDS : L reference.json
— anaconda count Count reads from a single Single Cell ATAC — regions
— arc_testrun_files library — motifs.pfm
— cellranger_atac_tiny_ fastq mkfastq Run bcl2fastq on Single Cell ATAC sequencing — E;i”;;glpts-bw
— martian data . L star
L 1ib mkref Create a cellranger-atac-compatible reference I— chrLength. txt
L hin package . . — chrNameLength. txt
aggr Aggregate data from multiple "cellranger-atac I chrName.txt
— plsa count’ runs — chrStart.txt
— python reanalyze Re-run secondary analysis (dimensionality — exonGeTrInfo.tab
- LICENSE reduction, clustering, etc) on a completed — exonInfo.tab
L mro “cellranger-atac count’ or “cellranger-atac — genelnfo.tab
aggr’ run — Genome
— atac testrun Run a tiny cellranger-atac count pipeline to IR ginomeparameters.txt
—— rna verify software integrity | cAindex
— tenkit upload Upload analysis logs to 10x Genomics support I sjdbInfo.txt
— sourceme.bash sitecheck Collect linux system configuration information | — sjdbList.fromGTF.out. tab
L sourceme.csh help Print this message or the help of the given — sjdbList.out.tab

transcriptInfo.tab

- cellranger-atacEREEZ5 |34
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https://support.10xgenomics.com/single-cell-atac/software/downloads/latest

| NRSAEIESIERF (cellranger-atac)
(2) cellranger-atac mkfastq #&##2 bcl 18,343 fastq $&ZL3E

o EINFANSE: bel 3TEFD csv U
CSViEHBEE=%I, 5l9Lane, Sample, Index

cellranger-atac-tiny-bcl-1.0.0

— Config
HiSeqControlSoftware.Options.cfg Lane, Sample, Index
hjn3kbcx2 Jun-21-18 12-28-52 Effective.cf
R%EStaf‘i.Eain —oreetveerg 1,test sample,SI-PO1-H10
Variability HiSeq C.bin
— Data
L— Intensities 5l g
BaseCalls €
config.xml e L e —- "= —n
Leo1 O RRAE LREE. IR MNEERSZ (W02-
O0ffsets Lane e _ —-
RTAConfiguration.xml 4) , B " E AN =DCHER
— InterOp
— ControlMetricsOut.bin
L errormetr et b BEARRIER. X RAELEMIIFASTQAIRIS,
— ErrorMetricsOut.bin
— ExtractionMetricsOut.bin #)Ip N VA Ymhee =d =) __ L
. . XN T B Mot iEHY--sample2#4,
— ImageMetricsOut.bin
[ Metricsout bin Sample  BEAZFRUGUFAIlumina bcl2fastgfIHBER. R
— TileMetricsOut.bin s = o= S\ TS - s
| RrAcomplete. txt RIHERFE. #F. TIERMEFR,; A ER
—— RunInfo.xml =y i=] &5 un

. BCLTHRIumina WSR-S, AT e " NA
HIER. OISR, Index  FET1OXPANEHARAIHAIndex, MISINA-AT2.
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J \EHAEUEZISERE (cellranger-atac)

(2) cellranger-atac mkfastq #&##2 bcl 18,343 fastq $&ZL3E

* cellranger-atac mkfastq --id=tiny-bcl --run=/public/home/chuqj/bioinfor_test/scATAC/cellranger-atac-tiny-bcl-

1.0.0 --csv=cellranger-atac-tiny-bcl-simple-1.0.0.csv 1BITER:

/public/home/chuqj/bioinfor_test/scATAC/tiny-bcl/outs/

— fastq_path
—— HJIN3KBCX2
L— test_sample

. 1

@D000684:1170:HIN3KBCX2:1:1101:0:53 1:N:0:GACCGCCA
GACCGCCA

- + Sample index
- GGGGGIII

__|ﬁfﬂ$:1 @D000684:1170:HIN3KBCX2:1:1101:0:53 1:N:0:GACCGCCA
L HINZKBCX2 R1 GAGTAGGGCTGAGACTGGGGTGGGGCCTTCTATGGCTGAGGGGAGTCAGG
— index.html + Read 1
— ?ﬁzﬁ;;iS GAGGGGGIIGIGGIGITIIIIIIIGIGIIIIITIIIIITIIGGGGIGITIITIII

— Stats

@D000684:1170:HIN3KBCX2:1:1101:0:53 2:N:0:GACCGCCA
NTGCTCAAGCAGAAAG

+ Barcode
#<GGAGGGIGIGGIIG

AdapterTrimming.txt
ConversionStats.xml
DemultiplexingStats.xml R2
DemuxSummaryF1L1. txt
FastqSummaryF1L1,.txt

Stats.json

@D000684:1170:HIN3KBCX2:1:1101:0:53 3:N:0:GACCGCCA
GCCTCACCCCACTACTAGGCCTCCTCCTAGCAGCAGCAGGCAAATCAGC

+ Read 2
GAGGGIIIIGGGIGIIIIIIGIIIIIIIGGGIIIIITIITIIGGIIIIIIA

— input_samplesheet.csv
— interop_path

L — IndexMetricsOut.bin
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J NFSAEIREIER (cellranger-atac)

(3) cellranger-atac count
o IHIEETUREA

File Name Description

singlecell.csv Per-barcode fragment counts & metrics {EREYU=E
possorted_bam.bam Position sorted BAM file

possorted bam.bam.bai Position sorted BAM index

summary.json Summary of all data metrics

web_summary.html HTML file summarizing data & analysis

peaks.bed Bed file of all called peak locations
raw_peak_bc_matrix.h5 Raw peak barcode matrix in hdf5 format

raw_peak bc _matrix Raw peak barcode matrix in mex format [Ri&%E[%E
analysis Directory of analysis files

filtered_peak _bc_matrix.h5 Filtered peak barcode matrix in hdf5 format

filtered_peak_bc_matrix Filtered peak barcode matrix {FikS5E[EF
fragments.tsv.gz Barcoded and aligned fragment file RRHREZSIEF
fragments.tsv.gz.tbi Fragment file index

filtered_tf_bc_matrix.h5 Filtered tf barcode matrix in hdf5 format

filtered_tf_bc_matrix Filtered tf barcode matrix in mex format
cloupe.cloupe Loupe Browser input file

summary.csv summary metrics in CSV form

peak_annotation.tsv Peak-gene associations based on genome proximity

Peak motif associations. Note that one peak could be associated with multiple
transcription factor motifs.

> LHER > SEEREHEN D BUEMATACKIE N > @R ERIRS
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romatin state analysis with Signac

FEGIELATINEE:

- BRREUERISERTTTE

- HUERRAE. TIFIERRERSE

« KBS R I peakiUEE

o ZHFARSCATAC-seqEURENES
«  5scRNA-seq#UEENES

«  MotifE&oHT
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Signac workflow Data input &

Zpagiil

nature methods

ARTICLES

https://doi.org,/10.1038/541592-021-01282-5

M) Chack for updatas

Tim Stuart®'?%, Avi Srivastava'?, Shaista Madad'? Caleb A. Lareau® and Rahul Satija®"*=

b
Fragment file ChromatinAssay .
chrl 30015 31224 ATCGTGTTGC 3 Seqinfo .
chrl 30126 31242 ATGGCTACCG 1 Assay Genome build information
_ ] — f Counts Feature Genomic ranges
Peak calling W ek Quantification Ao innomalized metadata GRanges object with genomic
o x data Additional information coordinates for each feature
£ LAL_A_L 8| 1 2.1, for each feature
b ——— af . Tasi2 L )
S, 2 5arane e 1 = < ;
™ o el 3 Data Variable features Annotation
= Normalized counts Vector of features Gene annotations
Quality control Dimension reduction used by default for
dimension reduction Fragments
L ) List of objects containing
A f fragment file information
j Scale data
2N Scaled and centered Key Position enrichment
| data B Unique assay identifier List of matrices with Tn5
insertion enrichment for
Clustering Multimodal integration sets of genomic regions
2 T Bias Motifs Links
‘;,. & ° RNA Vector of Tn5 insertion bias DNA sequence motif GRanges object listing
= > - ' "ATAC at each DNA hexamer information linked genomic positions
g :
Differential accessibility Motif enrichment c
SeuratObject
CTA AATA = — )
A Assa .
a Il d % [ 2 J DimReduc ) Seurat
Multimodal
> > > ;
Footprinting Peak-to-gene linkage ChromatinAssay Neighbors ] % i analysis
Signac
= Images
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Jl Signac i#1F scATAC-seq HiESIR

(1) &=

Output Files 2 Format details Size mdSsum
Clustering analysis 178 MB e5486e686aabd9d2cb4beb2b@60d5667
Peak by cell matrix (filtered) 351 MB afg7ef3efddecfcBcedb2c53Taec5067
Peak by cell matrix HDF5 (filtered) 170 MB 647d6918308e264c1d723ccfa7Sbadefc
Transcription Factor by cell matrix (filtered) 299 MB 3469bffbfePa84aaaebf3932761ae920
:;r”atr:r::;’ti“ Factor by cell matrix HDFS 8.61MB b8b58ebef12d5¢2881a8f86a2eaa716b
Fragments (TSV) 2,64 GB 772c3330f03fd0@ba3abdbb6bda3ificad
Fragments index (TBI) 115 MB bced7825c817dda@59600e70be27f466
Peak annotation (CSV) 9.2 MB de7d475587d2b6fabdc5065e76ed9a58
Peak-motif associations (BED) 326 MB 89752d4d366690T78796d645ebd9faBf
Peaks (BED) 3.95 MB d8lab269baa773279133d319efcfch46
Position-sorted alignments (BAM) 469 GB 7flaf4f8192bbee7bd7effb25856916b
Position-sorted alignments index (BAI) 577 MB 84518ef367f0T4Pe004d48883T818a58
Peak by cell matrix (raw) 376 MB 9cd3cc8941f0e125d22dTda 4483943
Peak by cell matrix HDF5 (raw) 183 MB 93921721b7e45dd597c74426d11033F
Per Barcode metrics (C5V) 32.8 MB 33b97f1lcAfcffca8ad24bcbdcf7dadbf
Summary Metries CSV 112 kB e6c57059b4c58ff36d8fdced48b12fbb
Summary Metrics JSON 247 kB c8d1f5d63722f2fabe23fd6ad164b8b1
Summary HTML 319 MB 9355506ebchBal169c3882695261bd57e
Loupe Browser file 144 GB 66962ecaf25e70a%c9abTaad®1d@c7ab

10k_pbmc_ATACv2_nextgem_Chromium_Controller - Human PBMCs

For guidance, please consult "Interpreting Cell Ranger ATAC Web Summary Files" or contact 10x Genomics Support (support@10xgenomics.com ).

10,246

Estimated number of cells

Summary Data Quality

Sample

Sample ID 10k _pbmc_ATACVZ_nextgem_Chromium_Controller
Sample description Human PBMCs
Pipeline version cellranger-atac-2.1.8
Reference path .ata-cellranger-arc-GRCh38-2020-A-2.0.0
Chemistry ATAC

Organism Homo_sapiens

Peak-cell ¥6p%

22,226

Median high-quality fragments per cell

Sequencing @

Sequenced read pairs
Valid barcodes

Q30 bases in barcode
Q30 bases in read 1
Q30 bases in read 2

Q30 bases in sample index il

65.0%

Fraction of high-quality fragments overlapping

peaks

566,333,738
96.5%
99. 0%
95.1%
94.5%

93.2%

-« BEAMTAE N peakXiE, ARTRAT AR, HUTRMAER

gene-cel ZFRIX B

« B peak XKEFRRITURIE— A EEFFHIXE

- FERERRIEERIZEREX M peak M ERTNSEBESHINEY

FragmentX {4

« XK, EREaTHERARPRREINE—RER
- XHREX, EfFEmERT—TERSAENRER, ARN

Ba&EpeakBEMEER
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l Signac 1#1T scATAC-seq £¥:

(1) &=

pbmc <- CreateSeuratObject(

counts = chrom_assay,
assay = "peaks",
meta.data = metadata

)

> pbmc
An object of class Seurat

Zpagiil

165434 features across 10246 samples within 1 assay
Active assay: peaks (165434 features,

= pbmc@assays[["peaks"]]@counts
165434 x 10246 sparse Matrix of class "dgCMatrix"

[[ suppressing 60 column names
[[ suppressing 60 column names

chrl-9772-10660
chrl-180712-181178
chrl-181200-181607
chrl-191183-192084 .
chrl-267576-268461 .
chrl-270850-271755
chrl-273946-274792
chrl-585753-586648

= head(pbmc@meta. data)

orig.ident nCount_peaks nFeature_peaks

AAACGAAAGAGAGGTA-1 SeuratProject
AAACGAAAGCAGGAGG-1 SeuratProject
AAACGAAAGGAAGAAC-1 SeuratProject
AAACGAAAGTCGACCC-1 SeuratProject
AAACGAACAAGCACTT-1 SeuratProject
AAACGAACAAGCGGTA-1 SeuratProject

Tss_fragments

AAACGAAAGAGAGGTA-1 9962
AAACGAAAGCAGGAGG-1 5362
AAACGAAAGGAAGAAC-1 13887
AAACGAAAGTCGACCC-1 15159
AAACGAACAAGCACTT-1 7542
AAACGAACAAGCGGTA-1 1515ﬂ

32618
13293
36155
40155
18998
39218

12605
5392
13306
14049
7115
14514

' AAACGAAAGAGAGGTA-1",
' AAACGAAAGAGAGGTA-1",

total duplicate chimeric unmapped Towmapq mitochondrial nonprimary passed_filters is

59781
19399
64452
72316
32569
81259

33159

9003
31013
38705
16889
40822

1
1
4
5

3

" AAACGAAAGCAGGAGG-1",
" AAACGAAAGCAGGAGG-1",

633
231
549
622
343
800

3228
1137
4538
3831
2108
5299

0 variable features)

221

' AMACGAAAGGAAGAAC-1"
" ABACGAAAGGAAGAAC-1"

1]
1]

17
3
4
6
5

15

22522

9022
28162
29136
13128
34305

Peak-cell %5%

__cell_barcode excluded_reaso
1
1

éﬁﬂ@%@*u =5

DNase_sensitive_region_fragments enhancer_region_fragments promoter_region_fragments on_target_fragments bTack1i5t_reg1on_fragments

oo oo o

o oo O OO

cCoOoooo

9962
5362
13887
15159
7542
15157

L Y e Y o Y Y e
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| Signac i

H{T scATAC-seqZiE

(2) [REEH: SNEEEFHEIR

BFR

1)

Nucleosome banding pattern

R/MAGEERRT

Transcriptional start site (TSS)
enrichment score
ERenVEEEDE

Total number of fragments in peaks
EEXSEIUE ERY A ERISER

Fraction of fragments in peaks
EExSRIIE ERY A ERELAI

Ratio reads in genomic blacklist
regions

EEXSRIEEBblacklistX 3 A 15 Fr EE 5l

LEIRBEXINNESE (HPEZFHE) KENMZIMRMERGIR ERIFEERT.

EWEB T RMARPRIMAIES TR R ERATAULEER (HE#EF) .
NucleosomeSignalREITEiZiElR, ERFEEmetadatadh, FIFFRAnucleosome signal,
IR =TSSR STSSHN H ERAILLIESRE ).
BEREEEERENTSSERDBRIMIERERE (MEHlF) .
TSSEnrichmentREITEIZISrR, ERFMEEmetadatard, FIFFRATSS.enrichment

EEMRNFRE/SxE. AREFORER (WFRRER) | EFENAREAT RN AR .

ZEUBEMRAVZARE (BP<15-20%) BEEAFREREMETSRANRE.

ENCODEI Rt 7 — blacklistXiFFzk, XEXFHBEBESANESIERXR. EFHEIEIXLXIHN
EUBE=RI4ERE (SEEXIRIpeaksXELLAITELL) BREARAIRE, RMGHEMPR. Signac8HE27
A% (hg19F0GRCh38) , /N§E (mm10) , 848 (dm3) FFEEFFE&R (ce10) BY blacklisXi,
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I Signac 1#1T scATAC-seq&UE D th
(2) EEISHI: TSS.enrichment (#E#IF) Flnucleosome signal  (EREHLTF)

Quantiles Quantiles
nCount_peaks: 5%:9778 10%:15134 90%:44986 95%:52439.75 nCount_peaks: 5%:9778 10%:15134 90%:44986 95%:52439.75
TSS.enrichment: 5%:1.44 10%:1.53 90%:2.19 95%:2.32 nucleosome_signal: 5%:0.5 10%:0.54 90%:0.84 95%:0.96
121
201
9 15
Density = Density
E oy
@ = + . .
E o S . 15
£ 10 2 Tas
E 6 5 107 PR 10
o o e b ‘3 b
0] 0.5 . *.
4 3 e s
= -t -
. B [
A PR
- 2 . t. I
5 {0 . v
3 . * - * .
- . 0: - ":o -
-y ..ta "
- .
* 4 -
- - ...9 q.z'.__L'_‘:‘ b L ]
- Cad - F §
- =
04
0
1e+03 1e+04 1e+05 1e+03 Te+04 1e+05
nCount_peaks nCount_peaks
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Jl Signac i#1T scATAC-seq#iiE S

(2) REEFEHI: TSS.enrichment (#E#IF) Ffnucleosome signal  (EEEKELLF)

TSS enrichment

richment score
ra
:

WMean TSS en

15000

5
3 10000+

5000

-1000 -500 0 500 1000 -1000 -500 0 500 1000
Distance from TSS (bp)

AR FRERNEERDEETSSHNITRIDHA—F

104

=
L

R

0 200 400 500 200 0
Fragment length (bp)

@ nucleosome_signal (EBARRFRIKESHIEI

200

> EAER > SEEREHEN D BEMATACKIR A & YRRFRE L SR AT




| Signac i#1F scATAC-seqi

(2) REEH:

fEishntE: nCount_peaks > 3000 & nCount_peaks < 50000 & pct reads in_peaks > 15 & blacklist_ratio < 0.05 & nucleosome signal < 4 & TSS.enrichment > 1

h#r\

[

nCount_peaks

MR EMERIRIR

aath

TSS.enrichment

blacklist_ratio

nucleosome_signal pct_reads_in_peaks

FFeN __\_{_. 4 0050_
EieET: 10246 Samples 20
1e+(05 0.0251 15

0.000 1 101
Se+04 +

-0.025+ 57
0e+00 10.050 : 01 : :

TSS.enrichment blacklist_ratio nucleosome_signal pct_reads_in_peaks

50000 1 0.0509 41
40000 - 4

0.025 1 3
30000 4 34

0.000 5
20000

27 0.0251 1
10000
Fots . 0.050 - . .
I)FELEI_] 9&/1 bamples N = & &
& 8‘\0\ g‘\o\ ‘ (ég‘\o\ ‘ (ég‘\o\ < %‘g‘\o\
6\} 6\} \} e.\} (b@\}
Identity Identity Identity Identity Identity
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I Signac 1#1T scATAC-seq&UE D th
(3) HUEHMEL., DR Sk
. R (Normalization) : GHERSHE, —ERIEMENFRENES,; MEEEHTE—L, NESTEHEH0E.

> pbmc@assays [["peaks™]]@counts
165434 x 9271 sparse Matrix of class "dgCMatrix”

[[ suppressing 60 column names 'AAACGAAAGAGAGGTA-1', '"AAACGAAAGCAGGAGG-1", 'AAACGAAAGGAAGAAC-1' . 1]

[[ suppressing 60 column names 'AAACGAAAGAGAGGTA-1', 'AAACGAAAGCAGGAGG-1", 'AAACGAAAGGAAGAAC-1" ... ]]
chrl-9772-10660 e
chrl-180712-181178 . . . . . . o i i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e
chrl-181200-181607 . . . . . o o i e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e
chrl-191183-192084 . . . . . L e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e s e e
chrl-267576-268461 . . . . . . . . . . . . . . . . . . . 2.

chrl-270850-271755 .
chrl-273946-274792 . . . . . . L L Lo e e e e e e e e e e e e e e e e e e e e e
chrl-585753-5686648 . . . . . . . o L oo L oL L 2oL L s s e s 2

",pbmc <- RunTFIDF (pbmc)

> pbmc@assays[["peaks"]]@data

165434 x 9271 sparse Matrix of class "dgCMatrix”
[[ suppressing 60 column names 'AAACGAAAGAGAGGTA-1', 'AAACGAAAGCAGGAGG-1", 'AAACGAAAGGAAGAAC-1" ... 1]
[[ suppressing 60 column names 'AAACGAAAGAGAGGTA-1", '"AAACGAAAGCAGGAGG-1", '"AAACGAAAGGAAGAAC-1" ... 1]

chrl-9772-10660 . . . . . . . . . . . . . .. C e e e e e e e e e e e e e e e e e e e e e e e e e e e e
chrl-180712-181178 . . . . . . . . . . . . . . . C e e e e e e e e e e e e e e e e 3.10281 . . . ..o o L L
chrl-181200-181607 . . . . . . . . . . . . . . . C e e e e e e e e e e e e e e 3.740337
chrl-191183-192084 . . . . . . . . . . . . . . . C e e .
chrl-267576-268461 . . . . . . . . . . . . . .. C e e 3.258034
chrl-270850-271755 . . . . . . . . . . . . . ..

chrl-273946-274792 . . . . . . . . . . . o . .. C e e .
chrl-585753-586648 . . . . . . . . . . . . . .. . . . 3.107148 .
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I Signac 1#1T scATAC-seq&UE D th
(3) #EINEN. FDRESSMRYE
FHDERE (Feature selection) : 5scRNA-seq@iEm#2S(bl, n MR TIEERIZUR L
p4E (Dimensional reduction) : 5scRNA-seqEiESTHRIPCAZE, XBEFERFHREDHE (SVD) IREXISANKLELIE

Correlation between depth and reduced dimension components Correlation between depth and reduced dimension components

Assay: peaksReduction: Isi Assay: peaksReduction: Isi

1.0 1.0

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14CO:Tip01rfent1.7 18 19 20 21 22 23 24 25 26 27 28 29 30 3 o 1 2 3 4 5 6 7 8 9 10 11 12 13 1400:Tip01nﬁen;? 18 19 20 21 22 23 24 25 26 27 28 29 30 31
1004 %—/PLSIEEﬁj\'—ﬁéHEIﬂ@,EF'COUntSE"J}:&,‘é&Zﬁ]ﬁﬂEﬁgi
IR, IHERINFRE (BMRAZR) M
5§ 75 FREMZFERS BN, ENErotrPliRizms 5
E 80
g o0, g
E \ S —+ 3 E | \ N 4+ s
? s . SR B IE /4FIERIPE LS @ ¢ 525 %IE IR PR 4EZS
g 20 30

5 0 15 20 0 10 "
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Jl Signac i#1T scATAC-seq#iiE S
(4) IFZMPRESHIEERE
«  5scRNA-seg#iED =ML, 8 RunUMAP, FindNeighbors #11 FindClusters &g

101 - .“
(18] @
-
| O,
O PR I R BEFA25 961 JRHAE IR
(4]
= »
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Markers Cell Type

I Signac 1#1T scATAC-seq&UE D th LL7R, CCR7 Neive CDA+ T
(5) EIEEREMERIAAERE (gene activity matrix) CD14,LYZ CD14+ Mono

IL7R, S100A4 Memory CD4+
MS4A1 B

- BEHMEES N EEBXRIRERA M ERECERAGS N ERNTREAE — cD8+ T
. (BEERXEI REITSS Eir2kbX 1) FCGR3A, MS4A7 FCGR3A+ Mono
- ERELHERELscRNA-seqFIEIEE K, RABRE T BalFXIERIAT Mt GNLY, NKG7 NK
SERFRIANBXME FCERIA, CST3 DC

PPBP Platelet
IL7TR CCR7 CD14 LYZ S100A4 MS4A1 CD8A
101 ; %@ig' 10 R 101 - - 10 i 101 3 & 101 . 10
o i o o | o o o | o o~ | S F 1.00
%I 0 . I 15 %I 0 I égg %I 0 : I 22 %I 0 I 0.9 %I 0 I 0.9 E‘L:I 0 B l 0.9 %I 0 » I 075
= 02 |4 050 = T s v 06 = ._ 063 06 = 050
=] F 05 2 z ) 025 2 03 > 03 > _ 03 > : . 03 D 0.25
01 u o0 aof R 000 101 00 10 i o0 a0 LU 00 w0y 000
4 0 10 0 0 10 A0 0 10 40 0 10 0 10 A 0 10
UMAP_1 UMAP_1 UMAP_1 UMAP_1 UMAP_1 UMAP_1
MS4A7 GNLY NKG7 FCER1A CST3 PPBP
104 10 10 10 10 10 10
o 15 N o . e o] 09 ™ o ' 109 ) . 100 g | 100 oy
%l 2 . %' 09 %I 9 0 %' 075 %' 075 %' 075 %' 0.9
< § 0 g 06 < y 6 2 os0 I 0s0 £ r 050 = 06
5 . 05 35 ‘ 02 > . 03 5 ) 025 > o 025 > ! . 025 > 03
101 ‘% 00 04 0.0 101 e 00 104 4 000 107 o 000 101 000 10 0.0
A0 0 10 10 0 10 40 0 10 000 10 000 10 10 0 10 10 0 10
UMAP_1 UMAP_1 UMAP_1 UMAP_1 UMAP_1 UMAP_1 UMAP_1
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I Signac 1#1T scATAC-seq!

EDth

(6) 5scRNA-seqZURESHHEIsCATAC-seqZiiERY TR

« FindTransferAnchors &

scRNA-seq
medlate
"g:ng' -
m Iasmablast
101
5 -
) no
K
o R Doublet o
o N - A
3 g i Platelet S
-} % ‘ ss
NK CDﬁﬁbrlght
et
0 cnm'
Py -
“ \o‘
fass WK Proliferating
5
10 5 5
UMAP_1

UMAP_2

104

107

S RNAFIATACEIE Z AR, TransferData BREUIHITIRESHER

scATAC-seq

10 0 10
UMAP_1
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I Signac 1#1T scATAC-seq&UE D th
(7) REMEFEZEREBRAT R MEERIERILEE
. [ERBEEIIEE (IR) BHTERTRYE (DA) HiF

chr16-88045661-88046576 chr16-88045661-88046576 chr1-24910833-24911735 chr1-24910833-24911735

2.01

[R%]
L

UMAP_2
Expression Level
UMAP_2

Expression Level

—
L

0.51

001 ——————

|dentity UMAP_1 Identity UMAP_1

10
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| Signac i#1F scATAC-seqiE S
(7) AEMBIEHE B AR R E RIS
- {EFClosestFeatureSAGRIIIEFITREE, THIISSMEREER

lcosT lcosT
1 Mone ] Mono
= ] 4 1 1 = __ il " A
521 52 |
o =
= ' | - 4
82 ]coat N {CDeT
=1 w ™
E& ES|
S‘t’: S = _l_
=z z |
B 1 =
L
1 nk | nk
RNAESP1EZ
1
g BANP o
] o
o] o}
I P H—3 - ! AcOK
e e e
n o
§ - - - - - - % - - - -
a Q
23020000 88040000 28060000 8320000 8400000 8420000
chr16 position (bp) chr4 position (bp)
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] LHEm: Has2smmDNARELL

PHMRDNAREMARE: JLUSRAEARZERIRMEEERMRIEEFZESE. DNARENWZE—
MEENRWEEEINON, EFURBERERFREMIIE, NMARNER. oW, KBNKRESS

E=ERm.,
STEP 1 STEP 2 STEP 3

lysis and BS oligo 1 tagging oligo 2 tagging
. and PCR s i g, Sy
2 | ERTHRBMEHEDNARS,
single col o . | ERBEHIIEIE (C) BELRiE |
Isolation 05°C l(m.—s P ]
0 x4 | s | BRI (T) | O BRI |
lysis S - . " | fott. RESIONABHTIUR, @ity |
B Exo | & P | RIFRIRAOCHIT, LU |
P opmrel  indexing | SENBERDNARIEREALARS, :

5 5 3'3, S 5 . 3 :-

5= 3y 5 — - =

5 ER =S E RA KB D BUEMATACKIE N D BT RRAH




] LHEm: Has2smmDNARELL

ETRENS EERHMIHRESHNFEES (Drop-BS) |, FARREMRARASINT
HBaEE, HaE2RKRHIEZIA10000 24T RERSENF S E.

i . B HE 4L S7EL AN
Single-nuclei lysis  scDNA fragmentation arging W UV exposure Ligation > @ﬂ};&i}kﬁﬁ}%ﬂpﬂ'ﬂﬁ | gmﬂ@
mee o e e e barcode droplets aee  me J— g e
:1//0 | , (B \ “‘{ﬂ:’;\,l’ ®00® \m| (% Im\l ‘ /m» ) FOERNNEAS, RE R
\“'-:,::i"-"f;;--,':.’»-**-\‘ \"»-;gl_’:;\_/;-:i N\ '\‘*-:. '9/-\:-;-:-"’":"‘ X ©®O \"‘-7;4/-\1::-:77” B \“"-;’—"-’/:E?:--f"iy N2 H 5 Y A e u
(o)(*) P (H(@)p (=) » 62) () B lm z"”""“ » m M. HIDNA#IRIFHISRIDHTT
Y O (O e O (O Hi.
g ' Bisulfite conversion . . g '
Demulsification . Demulsification & Random priming Two steps of PCR Library ha
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Raw data

l Step 1: quality control (Step 45)

Clean data

l Step 2: alignment (Step 46)

SAM file

l Step 3: sort and pileup (Steps 47 and 48)

Pileup file

Step 4: DNA methylation
level calculation (Step 49)

DNA methylation profiles

l

Downstream analyses

BRHRE:

RENFRSER

AR RRER L SRR

FAbismarkERHHIFZFLCIRISEERE L, FRBELIIBAMIE:,

HBS%Rkpileup3Zit

HRIERNZEIR C (FEERF) BRLUERERAME LRI CIT

RRE (R KitEE M EREIER DNA BEMIKE
natureprotocols

Explore content v Journal information v  Publish with us v

nature > nature protocols > protocols > article

Published: 02 April 2015

Profiling DNA methylome landscapes of mammalian
cells with single-cell reduced-representation bisulfite
sequencing

Hongshan Guo, Ping Zhu, Fan Guo, Xianlong Li, Xinglong Wu, Xiaoying Fan, Lu Wen & & Fuchou Tang

Nature Protocols 10, 645-659 (2015) | Cite this article
2407 Accesses | 86 Citations | 6 Altmetric | Metrics
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scMethBank: ASFHUMESRMIBREMEIESIRRE CREMMIFIRY 15 NMRERMIEUESERY 8328 MEAR, k29
MRESREIANRERNER) |, RALXIEE. BER. L. THIE *DFHF'ZVT!H‘EI’JY_ AN

{ .:' g_;:m{g_g:p o Data Resources Computing Analysis Data Network Standards

i'? A Home  ®Browse v ® Visualize v  ®Tools & Download ™ Documentation £ MethBank 4.0

@ MethBank

A database of single-cell methylation maps for human and mouse.

e.g. GSES6879  4cellembryo Ml oocyte  Hematopoetic Progenitor Cell  Colorectal cancer

Speices Projects Samples Cell Types

(5) 2 éb 15 EIE[E[ 8,328 29

@ .7:,‘ Neuron @ Cancer | :ﬁ Ageing

Embryogenesis 4,552 samples 1,202 samples 262 samples
1 project 1 project 1 project

2,093 samples
11 projects

Please cite:

« scMethBank: a database for single-cell whole genome DNA methylation maps.Nucleic Acids Res. 2022. [PIMID=345T0235]
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SC M et h Ba n k Gene ID Gene symbol Chr Start End Strand Description Sample Pattern
human A
Y — —_ LY N V2 ENSGO0000000003 TSPANG X 100627108 100639991 - tetraspanin 6
- EEBNEREAREAPRIREMKF

ENSGO0000000005 TNMD X 100584936 100599885 + tenomodulin
Y Filters
ENSGO0000000419 DPMA1 20 50934867 50958555 - dolichyl-phosphate mannosyliransferase subunit 1, catalytic
ENSGO00000000457 SCYL3 1 169849631 169894267 - SCY1 like pseudokinase 3
@ Browse ~ =2ull
ENSGO0000000460 Clorf112 1 169662007 169854080 + chromosome 1 open reading frame 112
ENSGO0000000938 FGR 1 27612064 27635185 - FGR proto-oncogene, Src family tyrosine kinase
Gene Symbol ENSG00000000971 CFH 1 196652043 196747504 . complement factor H
E a mpl ES’ v ENSGO0000001036 FUCA2 6 143494812 143511720 - alpha-L-fucosidase 2
G ENSGO00000001084 GCLC 6 53497341 53616970 - glutamate-cysteine ligase catalytic subunit
EnES Position ENSG00000001167 NFYA 6 41072945 41099976 + nuclear transcription factor ¥ subunit alpha
chr | —select— v
D M H_S ENSGO0000001460 STPG1 1 24356999 24416934 - sperm tail PG-rich repeat containing 1
o to Gol ENSGO0000001461 NIPAL3 1 24415802 24472976 + NIPA like domain containing 3
F:| rﬂjEl:tS- ENSGO00000001497 LASTL X 65512582 65534775 - LAS1 like, ribosome biogenesis factor
Description ENSG00000001561 ENPP4 6 46129989 46146688 + ectonucleotide pyrophosphatase/phosphodiesterase 4
N ENSGO0000001617 SEMASF 3 50155045 50189075 + semaphorin 3F
Gene Body
Gene average DNA methylation of different cell types
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scMethBank
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DMRs
A visual overview of the DMRs (Differentially Methylated Regions) between different two cell groups.

Select one dataset and cell groups, then click the submit
button to generate a DMR overview of your selection.

e

Organism: Mouse

% Project: GSE56879

Selection of Datasets:

‘ GSE56879-- [single-cell genome-wide bisulfite sequencing f... = 7% Cell Groups:

l you can select one dataset in database

Selection of Cell Groups: Chromosome Distribution

C VS MiIl oocyte b

l you can select any two cell groups 1500
.
E
3
=
n
ot
= 500
=
0 . .

chrl chrig

Download DMR Table

Chr  Position P Value
30087002-
chr1 30087300 0.017

GO

chrll

Differental Methylation Value

ESC-®2- Mll oocyte

KEGG

chriz

Genomic Location

Chromosome distribution graph

chri3 chri4 chr1s chrig

chrig chr17 chrig

Annotation

0.390
Distal Intergenic

chrz

chri

chrd chr5 chré chr? chrd chra chrX

Search
Related Gene Ensemble ID Related Gene Symbol

ENSMUSG00000099257 Miré342

chry

Methylatic
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| scMethBank

- ETHEMWKFINMERREER (FRNSIEESHIRE, KRS, BRE LTEEES M RIIREMNKT)

t-SNE plot

Select Project

GSE97179_Human

Window size

300 bp
Size
10

| Dot opacity
0 &

Biological Condition Color by:

® Celltype

Source name

Development stage

Tissue

Genotype

Treatment

Age

Sex

Disease

t-SNE2

25

20

10

-10

-15

=20

Cell Cluster

@® Human inhibitory neuron
@® Human excitatory neuron

Select Project
@ |

GSES97179_Human

GSE100272

GSE114822

GSE119906

GSE121436

GSE122872

Cell Cluster

GSE116165

EF5Elmm
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scMethBank
o IEEFEARNERN/E, EEREEREXEHEARPRBREMKFE

Step2
Lollipop Visualization

Samples selected:
Select Gene Select Region
You have selected6 samples with 1 series and 1 Organism and 2 Cell_type and 1 Development_stage and 1 Age
Gene Name/Ensemble 1D

brcal N Sample Accession Series Organism Source Cell Type Development Stage Strain Disease Age Sex
G i -5 w

‘ Gene Body GSM1370533 GSESBETY Mus musculus Oocyte MIl cocyte Ml oocyte C57BLI6 4-5 weeks

GSM1370531 GSELBETY Mus musculus Oocyte Mil oocyte Mil oocyte C57BLIB 4-5 weeks

promuley GSM1370532 GSE56879 Mus musculus Oocyte Ml oocyte MIl cocyte C5TBLI6 4-5 weeks
m Reload GSM1370536 GSE56679 Mus musculus ESC ESC C57BLIG
GSM1370535 GSES68TY Mus musculus ESC ESC C57BLI6
GSM1370537 GSEL66TY Mus musculus ESC ESC C57BLI6

Showing 1106 of 6 rows | 10+ | rows per page

.methylated C)unmeth)dated

Region Methylation Pattern Per Sample

— ° ® oo
G3M1370535 o0 OO O oo @ 436%
G3M1370536 OO | @ o0 OO @ O O 54.9%
GSM1370532 ® 89.2%
GSM1370531 [ @ @ 65.6%
GSM1370533 O oo 9000 00 -

07, 07, 07 07, 70, Or,,, ‘07, 705, W07, 07, 107, 07, 707, T0;, 705, 7 07, 07, 05, 0. 70 707, "0,
Vg, 'fe~ Ores . g, o, 8 490 Org 7o, g o Ry oy gy op, o, Hos Hgn, 7 P P T T TN CTINL T 'ioﬁ RCTELCT
\953 50, g, =P o 9&36 %?4 .99f gy, %0 ’O 1, 2% .r.weg 7":99 ”SJO 783, ’699 ‘3{9? ._99}; ’.L{:y&s 235, 0y 4 3‘3‘7@ .,‘9{2 ’6.;9" .Rq;e Bag ’&52 .,&, i e Pt
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.
An analysis toolkit for single-cell RNA-seq.
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