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Method of the Year: spatially resolved
transcriptomics

Science
' gf,ﬁf[?j’.‘.’y"r';i?ﬁf&}'{ﬁﬂif;im(,mics Our choice for the 2020 Method of the Year is
spatially resolved transcriptomics. The cover
depicts an example of data generated by
spatially resolved transcriptomics technology.
Middle layer: H&E-stained small intestine section.
Bottom layer: mRNA capture platform (for

b *‘\ 3‘ i
.~ %
N )
o s

”2018\\

BREAKTHROUGH example, barcoded microarray or beads). Top
layer: RNA-seq data from the small intestine
The single-cell revolution is just starting Method of the Year 2019: Single-cell multimodal omics SeCtI on

. “HYRREEEFAR A W Sciencei H2018EFEE R A

o C“EHMEEAFRE A W Nature MethodsiE R 2019 FE EER AT X

o CFEERAFT AR BT A2020FFEERARTTE

« “REZHZF (Spatial multi-omics) "FHARFE2022F EiENature I FEE T L RIBEFT A
« “ZREZHZ (Spatial omics) "AiE 2023F+KFHFTARIRE)

https://www.accuramed.com/newsinfo/1095254.html
https://www.nature.com/articles/s41592-020-01033-y
https://www.10xgenomics.com/blog/spatially-resolved-transcriptomics-a-bright-future-ahead
https://mp.weixin.qg.com/s/cWp21CzNF4_VBXTGtrPXNA
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a Bulk analysis Deconvolution using reference Q000

© o Ratio of cells
QQQ

Reference (either expression
= Bulk gene expression data metrix or marker genes) 090
Iy I )
‘.3'3.' Genel | & Genel m Nz s :
\. “l Gene?2 | a Gene2 | frz r» I'n o ")
\J . ) i ! . . J)JJ Missed cells
Ger;em d.“‘. Gsr;em f'n.;'. !'np 5;13
. | b Single-cell analysis Clustering Geneexomasion obyd;ster
Issue sample 2 wlr %I\ |~ 2obs - » o7 I
Q90 29 00 ©° Genel | m rz n3 ru Kb KR KA
QJJQOjO T _)0 OJ Q@  scRNAseq | %oa °° Gene 2 2 e Iz Iy
g -9 —_— o —_— : - ; i 5
0502 9 33% e o Bulk RNA scRNA Sequence spatial transcriptome
OO OOO “ Genem m T2 3 Tm

Sequence
\ STEMBHITER  ERATRFBEN
WARRSAE  mNE, WapE  FEER4A.
o K ANy B 3k BOTATR
Staining of tissue sections with mar1<ergen55fmm Reconstruction EIJ $ éﬁi H@ E/\] E E -I«Z j:jE 7& E_l- [’X IEJ ETJ- % ?’%
e e MBS E B
FEL [ FRIA HR

TREE. BZMeE S0

https://www.nature.com/articles/s41368-021-00146-0

https://urszulaczerwinska.github.io/UCzPhDThesis/intro.html j:}\_%?i [Ej : EE %giztu ﬁg
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Imaging methods

ISH ,
1. Hybridise labelled probes to target mRNA
2o WA -
A — ¥
o S
:| A‘A -
‘&l-\' & Lo L5
=) R Ry

3. Image fluorophore locations )
4. Repeat ntimes to generate

gene-specific fluorophore barcode

Sequencing methods

Arrays

1. Array of spatially barcoded probes

:...I:‘:".:‘ ':

jeececcel —» _i’\ —

ST er T Y 1) o |

| IO..=_»'?.': 2

L e 2. Image barcode locations l

via ISS

tﬁ—

4. NGS of captured probes

Ligate mRNA to probes.

3. Overlay sample on array.

ISS

1. Rolling circle amplification of
target transcripts

2. Hybridise short, labelled probes to
determine 1-2nt of transcript's sequence

f & 4
] s

e o

g s

z & & .‘;7: T &%

T‘T . ki
.d {

, E—— g . ’
‘ﬁ. l ‘e o4 -i‘“li

4. Repeat as necessary to determine

3. Image ﬂuorophore at each
mRNAS' sequences

location

i

Microdissection

T
= T
A o
Za) = Gt —».ﬁ

1. Hybridise probes to target mRNAs
2. Image region of

interest
4. NGS of captured probes

‘ St

|

Rt 3. Release probes from ROl with UV.
Capture via capillary.

SEHFAS FHARP AR AR HREER AR

= B F R AR AN 2E

ETREMNZ EEXAFZRAN
BT BRI MRNASHITIRALA SR, XImRNAs#H 17JRE AL
BAER, E®AIE XD AEMRNAFIEN %, BRI 2
Z (ISH) =R (ISS)

TN iy 22 (8] 3 5k B S R N Ay E Al
MABLRFIREMRNAs, BERNRBREELR, BERES
BENFE (NGS) FAIMRNAFHEHITHHT,

REZEEENTELTEE: (1) BEEERERBRMEX
NE, R EHTIBIFNGERAERA, UE (2) BiE¥
MRNAs S5t F R B mADERETEE

N N,

Williams, C.G., Lee, H.J., Asatsuma, T. et al. An introduction to spatial transcriptomics for biomedical research. Genome Med 14, 68 (2022). https://doi.org/10.1186/513073-022-01075-1
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10X Visium 55 um >10,000 FFPE, FF
Slide-seq 10 um >10,000 FF
Slide-seq 10 um >10,000 FF
XYZseq 50%‘;‘&‘%‘"’ 10,000 FFPE, FF
HDST - 2um >10,000 FF .
NGS based Stereo-seq ’ SE E0.22um il >10,000 FF
u
ZipSeq E=F2 ) >10,000 yEE:L
Pick-seq 5-20488 >10,000 FFPE, FF *
DBiT-seq 10 um >10,000 EF
[}
Seq-Scope H E~0.6 um >10,000 FF
In situ sequancing FISSEQ Eﬁ:ﬁﬂuﬁ ﬂﬂﬂﬂ 16,000 FFPE, FF .
based !
STARmap L0 1l 1020 FF
MERFISH RS T4 zA0000 FF
In situ B4R
hybridization
based Seq-FISH+ A% T4k >10,000 FF
DSP ]2 200 pum 1600 FFPE

TEFHRARADE, FTRAXFINERES

NFERE: NEDEIEE
spot A/
BEE. RNz pER N

FFHEE45 %, FFPERIEEIE, SHZMRE

Hsieh, WC., Budiarto, B.R., Wang, YF. et al. Spatial multi-omics analyses of the tumor immune microenvironment. J Biomed Sci 29, 96 (2022).
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Cell composition
Py N 776

3a+26+1, [ - Tissue atlases

STIONBEWSX SE R AR 7 FEKANRNAEITEN ., T XE,
STERIE & B & =AY e &

Cell—cell interactions

B puBmEmE L ”',rﬁl.: H Q pan| 4 ﬂ:,l_] g
4afi + 2p; ""'"0”3.&: NIDIDAUEZEE AR EHH@ HAK,;

f _./T;\ggg;';;mm . BEZXRBASHBMEEERAX,
i

=, REYUFEHERAR LD 2B THEEM.

Molecular interactions /é\

i Cell—cell

signaling

Tian, L., Chen, F. & Macosko, E.Z. The expanding vistas of spatial transcriptomics. Nat Biotechnol (2022). https://doi.org/10.1038/s41587-022-01448-2
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5% RREEL) B6F  ssne (BM. ZEAHA) SFLE LBTAM

E LA R

|

v

% AHOCTE 24 2

A J

10x Visium % 18] 4% & 41

W

W2

CAUP RF $- 5 ¥
2R E5H
MADS-box & [ 72 [a] & £ 5
LB A AT
NieEEDH
clusters PCA % #7

Nucleic Acids Res. 2022 Sep 23;50(17):9724-9737. doi: 10.1093/nar/gkac773

RHIL: 1oxVisumEP = ERFAERNES: 2HBEL
A Y Y = [

fr&L. A spatiotemporal atlas of organogenesis in the
development of orchid flowers

DOI: 10.1093/nar/gkac773

Z & Nucleic acids research (IF=19.160) 2022-12-22

ek BB ASRHAHR R ARSI R A S E &L
I BA

KT N FH10x Visium 2 [8) %% 3% 20 7 A X = B4R 47 1 4% =
(Phalaenopsis Big Chili) BI#®#ENEZBLREHTT 7R,
BESTHTNERAEEAERNNTERIEDH, S0HF

KRBT ZH R A BN S AT,
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ZEEEYMARBIBEEASRE

ZH1: 1oxvisiumEY = ORFAENES ZHEBEE
e B 2 i

MR ARETF: Lih . BliMEeiEE R NbeadsB %
Ry, BESHNMNARESFERNNAREREE .

— *  BEEEMSEARR S B2 BH21DABCDEGK
y > f MADS-boxE R 1, H15MEE A= EH R BHIRE T

e fFRIL(ES, BEFAEAEAABUNEIR LA ESRRARIEE
. G

Pseudotime

» FE#NFET: FEENDEBARRESSHEA
291

Nucleic Acids Res. 2022 Sep 23;50(17):9724-9737. doi: 10.1093/nar/gkac773
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a Single-nucleus transcriptomics
To @ _ LIl &
T &~ 23 . o> | T
i - rit | | I | Barcode X .CDNA 6
“‘- Nuclei and reagents é)l Poly(a) —_——

Estimated cell type proportion
within each bin

@5

Nature Plants volume 9, pages515-524 (2023)

Cluster

&

B Epidermis
Inner cortex

B Outer cortex

> Vascular bundle

BB Infected cells

B Uninfected cells

e 5: Epidermis

® 1: Inner cortex
® 2: Quter cortex*
@ 4: Outer cortex®

3: Vascular bundle
9: Vascular bundle
® 12: Infected cells
® 0: Uninfected cells*

7: Uninfected cells*
1: Uninfected cells*

)
&
S

ROI2: pmpns5satRELHARTATR
2 BN UL

R4 Integrated Single-Nucleus and Spatial Transcriptomics
Captures Transitional States in Soybean Nodule Maturation
DOI: 10.1038/s41477-023-01387-z

Z¢7&: Nature Plants (IF=17.352) 2023%E4H13H

& TPERVRZREEDRIFZTRATEIINIE IR A & 5
RASE IR AKFER T IRAHA

A FEE S scRNA-seq. Stereo-seq. RNAJRAIZLAT ZEH A XS
RNEREMATEF ML SR SERREAATS
EfR, METRKRERBNAREE, HFHE 7 HEHET
AR B XFARE R AR TN RE R E B .

8] _E B E 2T

SR ZEMEREETRE. ARES
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Keratinocyte
Smooth muscle
ORRR Fibroblast
J O
4 3 : Eccrine gland
- . *
* .
R e Endothelial
A4 3 Myeloid cell
1
cel
a
¢ 4 “
s >
D 1-Keratin,

D 2-Smooth ml&

D 3-Fibra bI st

D 4-Eccrine gland
] 5—Endothe|ial

D 6-Myeloid + T cell

Supraspinous

Basal

)
Al

I I Ns2
xpression S a Expression / Score - A
High Low High

Nat Commun 14, 3455 (2023). https://doi.org/10.1038/s41467-023-39020-4

ZEREYABEER LR

ﬂ*ﬁ‘
B3 : s empnAnzs 8 45 £ T AR BB A AT 4 SRR
NERB IR R RN YIS T2

fr&1. Single cell and spatial sequencing define processes by
which keratinocytes and fibroblasts amplify inflammatory
responses in psoriasis

DOI: https://doi.org/10.1038/s41467-023-39020-4

Z&7& . nature communications (IF=16.6) 2023%FE6H12H

€& ZEHAR AZFIohann E. Gudjonsson ] BA

AR BEERRERE. IFREEEX R 33 PMER
i) scRNA-seq £ E B~ 1 IRBMA B R LA . A= B0
Frift 7T B RMEE BT A AR RB IR RPHFERRER
R EMRANER.

DT FEMAEKEFRE. FEMMEKkeratinocytesHy I EE S
lEﬂﬁ’ﬁ?\ %S &) 20 B @ 1
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El& ot AR MpEREETR (fhit SRS RIS
T HIRZERIELA)
A Image Analysis B Cell Type C Deconvolution D Spatial Distribution
Identification -
A @ g : kg_.
00g0 ;
o L S
00 S N |
: .;;. i... ;f
< — > e
A 4
= ohol b O SHne B SEMARINE, FRIR S — IR
=
000000 ” EXEF
0000
0000
0000
000
s
0000 TR
HRsIE{E HEFRAN=ES 90 R 5549 ¥
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ARINFER L&

HonlE cDNASFX

"é&ﬁﬂ% —
- L ]
ﬁ%&ﬂ = R
s Jo"

AN

cDNABHE —
@ =000 = N
-

H&%@?ﬁ %r”tﬂ@+n
HOBE 4= v o]

10X =S [B) %5 %< A 3K 0 JRIE

HAH & BREE, RKUA, BERE, JANR

HAPPAL: #%Fﬂtﬂc, IR, ﬁﬁ‘éﬁﬂ%

S AREN, cDNAFEY, BhL, cDNAY I, XEHE
WA AR, £

‘ FEEE l
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Visium Spatial Gene Capture Area with Visium Gene Expression
Expression Slide ~5000 barcoded spots barcoded spots

Fiducial Frame
8 mm x 8 mm
|

¥

0—
E]_

100 pm
G )

Qe e

 — |
55 um

Partial Read 1 Poly(dT)VN

OO0 .

Capture Area
6.5 mm x 6.5 mm

o —RIFAEENNMERXE, UMKk EMNEARYF, FI&IDE,

« HRIEAH6.5mmX6.5mmAYiEIk XiE, BB 5000 HbarcodetRIEAISTAI A, Rlspotss;
« & PspotE FR55um, m5RZEFGEEE A100um;

« &/ spotm oK 1-104HAH,

* HPspotsHERZHELTEEER (dT) HNEZXEREE, “JHIRTployARIE XK,

o XEEXE FFPE, #WEAK

10XZ (B3R A IRIE . X EELH
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Partial Read 1 UMI Poly dT)

* Partial Read1: 5 illumina 89 TruSeq MFXER Read 1 BUER D FFHIHE—EY, EAERE
kol AT A PCR 54X R 9a X FE#t 47 PCR 15
- Spatial Barcode: 16 MAEMN= AL, Visium FHIES _EE— 3K spot H93lHE—
MEFER B FKAS, 5000 ¥k spot #LXTR E] 5000 428 8] &AL .
* UMI: “Unique molecular identifer IV FHEE, RERERW—2FIRIRF, —ER12ntAyFEL
A, XoiEA
* 30-bp Poly(dT)BEHLE[4: #HIRHHPIoyARHIFE R A

F—fbarcodefric—{ spot, H—FUMIFRIE— M EERAK
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SCIEL: HFTEEL ARV NRANER T A

BT https://www.10xgenomics.com/resources/datasets/mouse-brain-
serial-section-1-sagittal-anterior-1-standard-1-0-0

B SRR YI R Visium vl chemistry
two serial anterior sections WAMEZEN BTV F
two (matched) serial posterior P NIEECEY)ELBIEERTIE

HEARDFHIE:

https://satijalab.org/seurat/articles/seuratb5_spatial_vignette#x-visium

https:.//www.10xgenomics.com/
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. AR RARMO IR
RRERERE LR, SREIUTRNERLE BRERA 2 THIE
| MFRdER Inage | - Yﬁ*’@@i}ﬁ, AT AU RS B RIRFASTQX 4

Input Files Size
P — |
[ﬁﬁwﬁsfﬁmﬁj
FASTQs 31GB
v
Image (TIFF) 405 MB
| moEmSBE
J, FASTQREF MmN T

[ EEEXARL j

@K00167:28:H3JYKBBXX:5:1102:21513:28636 1:N:0:CAGATT

+ GGGGAATGTTTTACTTTGAGGATGATAGTACTTTCAGTGGGAA
( RegE R j +
<A<<G<< 7’)’ 1}7)<I!!!7<I711T7l77!7F)I}’Il

|
e Y E1. FASTORSH U EE
= A B T . o

it FASTOREZU M E M ReadmPliTiE, EFRF—izl@ 7k, FEAIuminallFiRFIFT (Sequence
l Identifiers) ¥IEAMNF (GEEERS) ; ETERERF;, S=FR0FL, BEERIuminalFIRIET (EE

HEES) ; EMEENNEINNERES.

L MpAAE R T B J

https://www.10xgenomics.com/resources/datasets/mouse-brain-serial-section-1-sagittal-anterior-1-standard-1-0-0
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» F[EFECRAEM DR

LR, SREIUTRNERLE BRERA 2 THIE

(iﬂﬁﬁﬁmm ] - Image: ALRYVIAH&ELER A

— Input Files e
[ﬁﬁ&ﬂ?mgj FASTQs 31GB
[ BEmANE ] Image (TIFF) 405 MB

[ EEEXA R ]

A EEEARBIFZ MR, RERE

¥
| Emamx PSR e =8 6] LA A e fr FB Y

[ SRR j

[ i A E SIpeS j

https://www.10xgenomics.com/resources/datasets/mouse-brain-serial-section-1-sagittal-anterior-1-standard-1-0-0
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Patient 2

Patient 10

BREDE (2)

A BRI R

SRHEWE (6)

) PDAC-A
— e L aoged = TSI s
Normal pancreatic tissue
key == |nterstitium
=5 AR g5
N o %Hﬁ% =l H%E ;E;rizk
F3RIE: https://mp.weixin.qg.com/s/URH_30efqCSpLMnzflIN8g

FEREBALRYIF : Y —REAHKEFARBNFELRE, EYFERARRRE
AT EL: YR RFESF ENXEX S, ZMREDH 5= EHERFERAED T —
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. EERERMOITRRE Space Ranger &

. spaceranger count --id=sample345 \
( M FFEAEFN Image J --fastgs=/home/jdoe/runs/HAWT7ADXX/outs/fastq_path \
--transcriptome=/opt/refdata-gex-GRCh38-2020-A \

v . . | |
rrr— --image=/home/jdoe/runs/image.tif \

(ﬁﬁﬂ:i‘]‘ Emgj --slide=V19J01-123 \

¥ --area=B1
ﬂ . ] --fastqs: JRIATQEUIEERTE

¥ --transcriptome: HEEEAFF], TINMIOXEMN FH

EEZAAML --image: H&EYIH R EEH

[ J --slide: SRER, —MASISHRANFQEIE—ESRE

--area. &S XV AIXE

¥

( R R g2t 'j
T OH 58 PN:2000233;SN:V10M17-096
v

| EEEASH

l / MR E: Al: 200046A_GDPPH_1 B1: 200046A_GDPPH_16 C1: 200046A_GDPPH_17you D:

~ ~ 200046A GDPPH_25
L SMpRAS R FE J

SAR{EEHIE: https://support.10xgenomics.com/spatial-geneexpression/software/pipelines/latest/using/slide-info
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https://support.10xgenomics.com/spatial-geneexpression/software/pipelines/latest/using/slide-info

:¢=-=- -+ Serial Number

e— x A

Capture Areas Visium Spatial
Gene Expression "ag

B A T\ Slide
[ Y ——guo || SerialNumber | PN: 2000233

[SN: A99A99-999 )
E— 1 Exp: 9999-99-99
E D1 i."hStm'ﬁ-. at Ambient %
V19125-123 e=4= Serial Number
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o FEFExARMOITARE Space RangeriE 2% 1 45
Hﬁﬁﬁ*}] Output Files 2 Format details Size
Image j
( r Genome-aligned BAM Eb X 4E BY BYBAM S {42.6 GB
[ﬁﬁ&ﬂﬁmij Genome-alighed BAM index 5.32 MB
\i' Per-molecule read information 325 MB
[ FoaETAhE ] Feature / barcode matrix HDF5 (filtered) 19.8 MB
Feature / barcode matrix (filtered) Eg| I 55.6 MB
[ EE i%iﬁﬁﬁﬂit ] Feature / barcode matrix HDF5 (raw) %%ﬁgi}ﬁ{%g?g% 22 '5 EJ EIJ
™ filtered
( ! | v ﬁ% j Feature / barcode matrix (raw) s 65.2 MB
Clustering analysis 28.3 MB
W AN
[ =W EE ST j Spatial imaging data H&ES ﬁ'@.#l_ 101|_M7%/\7|°ﬁ'$ﬁ/\§5@)§
Summary CSV 966 B
: EEI
| mRRER i IO i g

Loupe Browser file ?Ei@ﬂ; 350 MB
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* Space Rangere&H E E R -web summary.htmlig &

D 696 spots | Seetso MFEIEE: EREE N EEEread F R
Numberof;pots Under Tissue i * 1 bp
GO’ 0O BOB0O0E0HOE0EELEEEBOH0000BO0B0EE0H08000 BOO L4 1k bp — 10*3 bp
* 1M =10+6 bp
* 1G=10+9 bp

AR ARSBIRXXAERNHITX S

124,367 6,015

Mean Reads per Spot Median Genes per Spot

Sequencing @

Number of Reads 5'}“}?%&?&% 335,294,592

Valid Barcodes 375 * Number of Spots Under Tissue: B & REFKiAHIspotEl

Valid UM 100.0% * Mean Reads per Spot: & spot 316 M E| freads

Sequencing Saturation 74.0% %ﬁ

[ Beses n Barcoce T R * Median Genes per Spot: & spot -4 M E|F9EF &

an Bases in RNA Read 94.6% 200 COCCQCQC00000000000000000000200000000CQOC000 @O N sl

Q30 Bases in UMI 97.2% F o A F— 1LL§& . . ™ I s S
raction Reads in Spots Under Tissue 93.0% ° SequenCIng Saturatlon ;ﬂU§§ﬁ?E L@%n}g’ &Hﬂx}i

B ERIIETF >70%

https://support.10xgenomics.com/spatial-gene-expression/software/pipelines/latest/output/overview
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* Space RangerE &% H ER-E R FIAFEE

ARl PR R ARIAFERE

« HDF54&TX: T IU{# FlLoad10X_Spatial() &£ 471 EX

A

Feature / barcode ma'irix HDF5 (filtered) 19.8 MB
Feature / barcode mafrix (filtered) e 556 MB N . .. —_ N
T e ol o - XEEER BFE=A
Feature / barcode mafrix HDFp (raw) %ﬁ§EB$ ﬁjﬁ’%ﬁ? E/\] Eﬂfjﬁjﬁé/{' A . E = K
O GAITRLR barcodes.tsv.gz: spotfybarcodefs &
N A E Ffilteredfy S
Feature / barcode mafrix (raw 65.2 MB o featu reS.tSV.gZ : % 15 /%\
* matrixmtx.gz : EExspotFRIAEE
\ 4
V1_Mouse_Brain_Sdgittal_Anterior_filtered_featur Spatially barcoded spots
e_bc_matrix.h5 T
Gene-1 I 4] 3] | 2 I L] T 1]
. . Gene-2 12 1 0 [} i]
$tree filtered feature bc matrix -
= _— —_ - ene-3 0 2 4 L 0
filtered feature bc matrix Gene-4 0 0 2 0 5
L e 47 = Gene-5 0 1 o 4 g
Gene-6 6 0 0 3 7
Gene-7 Q 0 0 a 0
Gene-B 5 2 0 1] 1]
Gene-8 Q 0 & 2 0

https://support.10xgenomics.com/spatial-gene-expression/software/pipelines/latest/output/overview
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* Space RangereEfH &R -HAY FHAEREE H

TENEFERSARVIAAECRA

atial imaging data ! bl e * tissue positions_list.csv: %7 & spotE I H L=
i i HeEpemE s Tt Az Wﬁﬁ?ﬁgg - A I SOt el
$tree spatial « aligned_fiducials.jpg: EbXd Ay £ B %R S5

spatial e | * detected_tissue_image.jpg: FIT 1M 20 2R o9& & 304
aligned_fiducials.jpg * tissue_hires_image.png: HARYFEEE F600%=
detected tissue_image.]pg * tissue lowres image.png: BRI H L& E 200018 %=

scalefactors json.json : ) , s .
tissue hires image.png * scalefactors_json.json: ARV F &R A AT

tissue lowres image.png
tissue_positions list.csv

https://support.10xgenomics.com/spatial-gene-expression/software/pipelines/latest/output/overview



o — 1OXZ3 [B) ¥ R 2 S Hm A At 1) 4T

FTaitdtr?

" Yunnan Agricultural University

-+ F[EFECRAERM DR

[;%ﬁﬁﬁﬂmMej

-
[ﬁﬁ&ﬂﬁﬁﬁiij

[ ﬁﬁ%ﬂﬂ j

[ EEEXARL j

( Eﬁ%ﬁ% ]

[ SRR j

[ ) E i UpE g =S j

ZEEEYMRBEERIRE

Seurat# {4

Seurat)Hr B4 ff 5% R A A 22 A B R A O S B
(Lt NT R R HESHO RunPC

- FindNeighbors

—Read10X FindVariableFeatures FindClusters — FindMarkers
ReadX_hS JackStraw RunUMAP FindAlMarkers
------- 7 ey e H R | ScoreJackStraw = FindConservedMarkers
" ¢ Sttt iy | pm==mm—eee R i v R i i S i i
Seurati®y |1 #Aseie e & b H— wens b easzs H 2504 |
L ]
i i 1 e 1 (3PN VOUURVEE (N UL [ U — S —————
1 L i s b R
i ] Ereate&e‘hralob_]ecl I— SelectIntegrationFeatures
LogNormalize |— FindIntegrationAnchors — DimPlot
Norpal G
SCTra m
I— TransferData I— DotPlot
linear
\— IntegrateData — VinPlot
ScalgDat: poi
negbinom —merge — RidgePlot
. = i 21204
Load10X_Spatial, FEIEFSERL - PlotClusterTree
.y =
seurat i RME (B ERE ,
A v —DimHeatmap
FERhSX{F) |
me I’g e PCHeatmap
SCTransform | VanableFeaturepiot
v

FindVariableFeatures SpatialFeaturePlot

FindSpatiallyVariableFeatures




= lXSFEE AR @ Tattxs
ZEEEYMARBIBEEASRE

- FEEFARMPITIRE

Space RangerEEHH &R
FIREEL, IR B

FTFFSO1.Load Data.rfI A :

(:HﬁﬁﬁﬂMmej

-
[ﬁﬁ&ﬂﬁﬁﬁiij

AL )

' 1. T Spatial.Rproj, HiERRstudio R HE
Eﬁﬂ_ﬁﬂw J

2 7ERstudio St EFT A S01.Load_Data.r

ﬂg‘fﬁﬁﬁ*ﬁ j 25 (B # R A BT M Espots-genesfIFA4EME, B A spots
. B5F1-10M 4, Atz EERABAE LARAER
MBRAERT B J

(
(
4 Eﬁ@ﬁ% )
(
(




o — 1OXZ3 [B) ¥ R 2 S Hm A At 1) 4T

Y EEER;

Yunnan Agricultural University

= B FE R AR MR

[;ﬂﬁﬁﬁﬂMwej

!
[ﬁﬁ&ﬁﬁfﬁﬁﬁj

sz

[ Eﬂf%ﬁmw ]

(R
[ SEEESH j

.
) E i UpE g =S j

e

ZEEEYMRBEERIRE

HIETALIE: sctransformiRAE{L

B spotii T ZEINE N HBAR, FNENMNEMAESTHLEER,
Lt spotBIMRNAEZ ESLFr L2 AHERY, MLogNorlalize()s& Hl3E &
DspotiRIERIEIFFAYKFE, KPR EZF [a)AY,

nCount_Spatial nFeature_Spatial

nCount_Spatial - - nFeature_Spatial - -
200004000060000 2500 5000 7500

60000 1
7500

40000
5000

200001
2500

& &
& &
K3
? &

Idantitu

« EHE: MEEE, PR FK—spot, EHAER, WHAFD
MR spotFkik Acount{E SnFeature & F £1

- HE: ZEFIEDTE, BREspotdcount{H SnFeature&E FEX
H =S [B) AL E 4 R



FTaitdtr?

Yunnan Agricultural University

ZEEEYMRBEERIRE

o — 1OXZ3 [B) ¥ R 2 S Hm A At 1) 4T

» F[EFECRAEM DR

ERF AT FKEEMFEMarkerERE, EFHEEVIR LHFRED

( M FFIER I mage j Rl
Y Hpea E - Ter B -
[ﬁﬁ&ﬂﬁfﬁiﬁ] & e ; 10

e

[ Eﬁﬁ%ﬁﬂﬂ j

[ Eﬁ%ﬁ% ]

v
[ SEERSH ]
[ mg@géﬂ;;g j * Hpca is a strong hippocampus marker /)\ 53 FER & D4R X i IEE K

* Ttris a marker of the choroid plexus Bk M X S 4HE £ E



o — 1OXZ3 [B) ¥ R 2 S Hm A At 1) 4T

Y Yunnan Agricultural University

» F[EFECRAEM DR

[;mﬁﬁﬁﬂmmej

!
[ﬁﬁ&ﬁﬁfﬁiﬁj

!
[ BER AR j

[ EEEXARL ]

[ Eﬁ;ﬁi ]

|

[ Eﬁéﬁﬁﬁ ]

.
[ ) E i UpE g =S j

ZEEEYMRBEERIRE

FEAEERE: SYspotAIRNAFRIXEIEFHITREAEMER R, A5 T scRNA-
seq TR R TIERTE

1-'4 = i : : ident
o ® 0
5 }:" ' - ® 1
-i,;' . 3 e 2
R0 S o . 3
AN B e o ° 4
{j gl e s
ool TE: '
Q.I L L ® 6
g ’h Jé ® 7
= s = LR ) @® 3
% w;- ® 9
-5 i ® 10
r-;’ e 11
e 12
5 e 13
; ® 14
-10 4 ¥
‘iﬂn"f.
10 -5 0 5 10
umap_1

- Z£E: ZEHFBERAREEANUMAPR LT < E
- AE: BEREGEREZE LENNEN S



= lXFEkRakEsnsy @ Tattx?
z?ﬂ‘éi%k%ﬂ%imd—%&i

» F[EFECRAEM DR

FESTEEDT. SeuratiRf T2 A KIR A SHL A = E A EHEHKH

[ MR Insee ) 2 HAL
iR i A B
¥ ; ) : |

Qe
%
-

[ S TALTE ]

*3%s

cezeresessetere
2%e%3%s"s®
P

[ EEEXA R j

[ &ﬁ%ﬂ% ]

-
e
Iy
s
| ]
X3
L]
s

[ SRR j

FiE—:
ETALANTIENMRIXEHTERRKIE, XTGBT EEEBRKESN %
BT HIREHE .

[ mmﬁéﬁﬁ j




o 10X%S [8) 3% 3 2B B R B a0 4T

= B FE R AR MR

[ﬁmﬁﬁﬁﬂmme)

[ﬁﬁ&ﬂﬁﬁﬁiﬁj

v
[ BT j

[ EEEXA R j

[ &ﬁ%ﬂ% ]
:

[ SRR j

[ A e ipe g j

i?@%% k %

/' Yunnan Agricultural University

zﬁéi%kﬁ%iﬁ+%§

DESZTERED: SeuratiR i T2/ A 7RIR A 5 LHLR N == (5] B AH LAY

PFIFIE

Calb2 . -

1 2 3 4

1 2 3 4

-

2

01 2 3 4 5

w

0.0 25 50 75

1 2 3 4

HiEZ:

KM A —FhITER
FERBIERNER
TEREERTEER
HYFHE, fEH
FindSpatiallyVariabl
es() R



Fatédk?

/' Yunnan Agricultural University

ZEEEYMRBEERIRE

10X %8 [E] ¥ sk A IR E




Fatédk?

Yunnan Agricultural University

ZEEEYMRBEERIRE

o = 1OXZ=[EF KA BIER

» F[EFECRAEM DR

2= (8] ¥ XA B R MR spots-genesIFRIAFEFE, B AE A spots#y~50um,

( 3 EUEFN I mage J HE5EF1-101 4, Btz aiERESAE LMABIER
[ﬁﬁwﬁsmij

ﬁt&%mj /S 9 @ “a

Prokaryoles Yeast Mucleys Human spanm call Typical mammalkan call Plant cell
( &ﬁ*ﬂﬁ% j Fig. 2 lllustration of common cell tvpes and their tvpical shapes and size ranges in suspension
o = SRR A
(™ ; ] BNFHA T LSS RM MK, R T b8 S AR
o Siube %2 ] *Xqﬁilﬁligiﬂﬁﬁﬁ ﬁ%*”“deconvolute °
L J b5, SeuratENEHFAE: ‘anchor’-based integration workflow




o = 1OXZ=[EF KA BIER

” Yunnan Agricultural Umvcrsny

zﬁﬁé EYRBFERLRLE

¢ T lEﬂ %%éﬂ%ﬁﬂﬁi‘ﬁm&

(:ﬂﬁﬁﬁﬂmmej

MR STAER

AL )
( Eﬁfgﬁmw )
4 Eﬁﬁﬁ% )
1 nﬁﬁ@ﬁﬁ )
[ mmgﬁﬁﬁ )

Seurat¥ &7 i%:
BAMREBIRNA:

‘anchor’-based integration workflow

~14,000 adult mouse cortical cell taxonomy from the Allen Institute

Reference

SRz ERETERESEAE TIMEEDN
“BBEE", MNN(mutual nearest neighbor)&
EL R EI RN EBIEE B B R E &

TR AE, SeuratiiXLed8 B s L 4R 40 AE
I =)

Stuart et al., 2019, Cell 177, 1888-1902
June 13, 2019 @ 2019 Elsevier Inc.
https://doi.org/10.1016/j.cell.2019.05.031



/" Yunnan Agricultural University

ZEEEYMRBEERIRE

10X=3 [E] ¥ R A B A DT




10X RE s Asty @ iattrd
% ET‘ﬂéé EYREIBEESLRE

10X%8 8] #5320 Z AR BT
S Fmerge R EUHA T B HEARE ST

orig.ident
P e 12 " iiiii
101 ® 1 ® 13 101
e 2 e 14
| e 3 e 15 |
5 5
™ ® 4 o 16 O
& e 5 o 17 % © Anterior1
= 0 e o 18 = O ® Posteriort
= e 7 e 19 =
51 e 3 e 2 -5 fie’
e 9 e 21
e 10 ® 22
-10 1 -10
10 -5 0 5 10 10 -5 0 5 10
UMAP 1 UMAP 1

MAER K UMAPHE] )
HARER X & SpotsBR K E Y1 A ERZS 143 7

Note: ZHARE, EZMNERMBNHARBNDNE, HANARBERERKR, FEHTEHRFLE.



FHi¥t k2

Yunnan Agricultural University




