ISEMHRON, sRETIEY)FE
eREFRIRTTIEZEM

D
]
-\'P!'

PMIAR . 43R, %3=im, @Y, BBEEt, TEHuE

W ILEY Scien?e

AIRFEFR. I KER=AEIEMEFTPL . IRPLEFHEEERLRE. NITFEAXRFHETKTER

Renjie Chen, Yue Yao, Jingyang Qian, Xin Peng, Xin Shao, Xiaohui Fan. 2025. A comprehensive benchmarking for

spatially resolved transcriptomics clustering methods across variable technologies, organs, and replicates. iMeta 4: €70084.
https://doi.org/10.1002/1mt2.70084.



https://doi.org/10.1002/imt2.70081

o FTECES
AL REF IR

al ZICI RS2 =YPN PR T

SN
AR

\’\‘\\—/"/

Q?:)
L _&

IR EERA,

AR AR D ITRIKE LR

Hi
]
E
@
]
==

S

EBXE EEIEUEE?S%%/IE

'\!/: De_fine multicellular @ Identify spatial ecotypes

Compaositio Cell states

ER?E | Bioinformatics worl )
fl: E ! (major celllypes) (t iptional subtypes) | Multicellular
' ‘ | | | | I neighbourhood
Single-cell ST data i p— i
o by ®@: ©@ K
¢ — wWer 0@ e
N F - />
¥ & NP dhe 5
c > o Feoo Tk W <
n O ¥ @ o
S f A N\ R TS | cooooooorooIoTooIoIIoIIoIoIIiIIIIIIIIIIiIIIIiIIiIiiiiziinoy |~
e o Deep le g-enabled workflow
Ecoty D
( clusters of multicellular
Nonlineari ty ghb urhoods)

|
9?;?
a?:g?
s

1 Sp atia L est-  Convolutional L

SpaGCN...

—— A

)

00O
O

00000
000000

Q

herative clustering

CO0®000
0000000

000000 B¢
00000000

000000

EYFESHNRILRERR ‘M% %&7

Gulati et al. (2025) Nat Rev Mol Cell Biol.
Hu et al. (2021) Nat Methods.
Dries et al. (2021) Genome Res.

mu
I



O FIAL600/HIEEXT

14FPR[B R K TT AR T
EEEENL, BET
FRSIRFD) \MPERE.

HMERAFE, #E
REMNMEMFESE SN
AMSRHIT=EERES
AT, SRR
BB ANIE IR B FER

RIES.

RGP L T RAEL
R E D iR,
XJ 73R B RIETR RIS
W, FAZERESGE
R T R ER

=,

Public Datasets

10 oemomes GRO 120

I0 CZ CELL x GENE

DISCOVER

- STO@micsDBEEEE=LL
RR Mendeley Data

Simulated Datasets

SRTsim //Cube

Brain Datasets from 10 Technologies

Sequencing-based SRT Imaging-based SRT

0000000 ST MERFISH

0000000 4, visium seqFISH+
Slide-seq STARmap
Stereo-seq CosMx
Visium HD Xenium

10x Visium Datasets from 8 Organs

Brain Heart Lung Liver

Spatial Clustering Methods

BASS PRECAST
Banksy SEDR
BayesSpace SpaceFlow
CCST SpatialMGCN
CellCharter SpaGCN
DeepST STAGATE
GraphST stLearn

Preprocessing steps

Normalization
Genes selection

Log transformation
Standardization...

Evaluation on datasets from variable
technologies varing in spatial resolution

Gene Xy Spots number
EEEEEEE N gl

1000 5000 10000

Genes number

©
[=%
" ANEEEEE N

500 5000 9000
Sparsity
03 08 09

High Spatial Resolution (MERFISH): BASS...

Low Spatial Resolution (10% Visium): STAGATE...

Evaluation on datasets from variable
organs varing in spatial continuity

Linear Immersed Repeated Circle

[ ¢ Qo ‘So o%0,
.oogco:.ii o® oee 0o® o ol
o.""o [/ ¥ e® o0
o 800 ® eoe 0 0% S50 *eed’

P %o .'.o.- ®00e’y

high spatial continuit‘

High Spatial Continuity (Brain): STAGATE...
Low Spatial Continuity (Liver): PRECAST...

Evaluation on datasets with replicates

Step1: Generate new gene expression profiles

Dimension 2
Dimension 2

HY o5
=

Dimension 1 Dimension 1

Step2: Assign spots to adjacent slice

Datasets with Replicates: DeepST...




Public Datasets

10>\ senomics & L ADB

T
IOCZ CELL x GENE

DISCOVER :::::::
- ST®micsDB
: 0000000
ol 1111
M Mendeley Data

SPATIAL
re

‘* DRYAD

SRT Data Simulators
SRTsim

7>Cube

&1, EEN
BB EEFNERSE
BiEhA R E

(B)
Technology Slices

Sequencing-based

Spatial Resolution

ST 35 200 pm] 1100 um
10 Visium 151 100um]  I55um
Slide-seq 102 10umT
Stereo-seq 5 05pm ] ©10.22pm
Visium HD 6 2pmJ
Imaging-based

seqFISH+ 14 <0.1pm]
STARmap 5 02~03um]
MERFISH 41 s0.1pm]

CosMx 6 s0.1pm]

Xenium 3 <01 me

?zlﬁl%%éﬂ%‘ﬂ%ﬁ&?éé‘é

Variable Technologies

Variable Organs

Spots per Slice

458
2446
24569
72449

268419

211
1065
4882
51700

143211

Cluster Methods

Probability statistics

BASS
BayesSpace
PRECAST

Neural networks

Banksy
CCST
CellCharter
DeepST
GraphST
SEDR
SpaceFlow
SpatiaMGCN
SpaGCN
STAGATE
stLearn

Genes Detected

23371
32080
23484
25077
18572
9961
508
182
957
291

iR B ENHESS

Evaluation 1: Variable Technologies

Technology 1

Technology 2

Evaluation 2: Variable Organs

Organ 1

ARI

Organ 2

NMI

Evaluation 3: Variable Replicates

Slices Replicates Neighborhood Changes
Accuracy Accuracy
s ® LY
Evaluation 4: Variable Spatial Patterns
Number of Spots Shape of Clusters
Number Accuracy ..  |Accuracy
s =] B
0 Method A [l Method B [Jli] Method C
Sparsity Total Spots
0.822 16024
0.919 369357
0.986 2506054
0.970 362247
0.957 1610513
0.819 2956
0.727 5327
0.631 200163
0.779 310199
0.751 429634



(A)

10x Visium ST Slide-seq Visium HD Stereo-seq seqFISH+ STARmap MERFISH  CosMx Xenium
(B)
BASS Banksy PRECAST
Ground Truth . e =
stLearn
S ﬁ
()

Ground Truth

CellCharter

GraphST

PRECAST

s

&

SpaceFIow

D)
B 10x Visum [ESST [ESlide-seq [lVisumHD [BHStereo-seq [BlseaFlSH+ [ESTARmap [EEMERFISH [ CosMx [EH Xenium
4

0.8

0.0+

s Ll LR YTTY TR m»faM«WMWH«“W@*

BASS

Banks‘l Bayesspace ccsT Ceucnarter DeepsT G,apnsT PREcAsT sEDR STAGATE spaGGN SpaceFiow a“a‘.MGCNs\LSam

1.0
0.84

0.0

i wﬁ*’ ?WT“ g ’yr?ihﬂ' ’?HH”‘ ‘Vw}ﬁ‘ !@hqﬁf ﬁ;WB- *ﬁ,,iﬁ“ *H‘u‘ w *T‘i | -;‘E‘ P‘i‘l

BASS

(E)

Domain

(F)

Annotation

BarkSY o es5p20% COST o Charte” peepST raphST pRECAST SEDR  GTAGATE gpaGON giaceFIol aMGCN stLeam

B8 domain ES cell type

1.0

—————— eCC
g‘a % oHPC 0.8
PR | oL1 —oad
SRR ol 273 z 08
% f‘% oLd <044
A -l eL5 0.24
éﬁ w 2 TS

=

¥ Be

o o- i ;j & ﬁ; e ﬁi =

B pf;s Ba“\«.s\l

-
GGS \\Cha“eoeeps G{ﬁphs ECNE’ SEOR g(pﬁ'ﬂe paGGN ac,e?\@N @MGC":\LB"““

0.0
Celltype Annotation
®Astro ®#Smc 1.0
i VIP _
o el2/3 3'2
el4 =064
el =44
ele1= 04
elg-2 024
0.0

& =5

= = * &
*; ii - ﬁi - ;F & T* . *i

T T
BhS> gan¥sy

T T T T T T T
< T x 5
OO o™ peet®" o™ qech® geo® swhe’ﬂeeoaec‘qsoaoewj \\a\mGGN\\-Ba‘“

El2. ETAERAF RN A RAFEIRIIREIERER




(A)

(B)

Ground Truth

(©)

Brain Breast Heart Intestine Kidney Liver Lung Skin

BayesSpace CCST CellCharter

DeepST

Layer1
Layer2
Layer3

2
f

i

GraphST

Layer4
Layer5 PRECAST
Layer |
WM

STAGATE

SpaceFlow

stLearn

SpatiaMGCN

4
5

&
f

[

. Brain . Breast . Heart . Intestine . Liver . Lung

1.0
0.8+
0.6+
< 0.4
0.2+
0.0+

BB AL L A

1.0

BASS Bar\KS‘! esspace CCST e“C\-\a\'\e" DeepST Grap\'\ST RECAST SEDR '\'AGATE S aGCN ac'eF\OW '\a\MGCNs\Leam
Bay! G P! S P Sp Spat

0.8
— 0.6
2 041
0.24
0.0

AR TR YA

BASS  ganksy 6sSpace ccst Ce\\Char\er DeepST Grap“ST RECAST SEDR STAGATE SpaGCN paceF\° \a\N\GCNs(Lea‘“

Bay Spatl

X TR S=HYZ
(D) Brain

Lymph Node

Spleen

Testis Tonsil

BASS Banksy

CCST

CellCharter

DeepST

GraphST PRECAST

Ground Truth

SpaGCN

SpaceFlow

SpatiaMGCN

stLearn

(F) . Brain . Kidney . Lung

. Lymph Node

B8 Spleen

. Testis

. Tonsil

1.0
0.8

'ﬂ- 'IH ';L. ‘at—. 'ik.

0.0

Ll

b b

"“"— e ‘iﬁ h‘l

BASS  ganksy  CCST charte’ peepST
1.0

GraphST oReCAST

SEDR  {pAGATE

5paGCN gpacePION o iaMGCN siLea™

0.8+

b e e e

0.0

e e

b b

oo b e B

BASS Banksy ccst Ce\\cha"‘e' DeepST

craphST oReCAST

E3. ET AR ERIT A REFERRIRSSMERER

SEDR  S1aGATE

SpaGCN spaceF‘o

Spa\\a\MGCN s\\-eam



tbiig = 3: BEEEYFESHIESRARRGIALLER

(A) ©)
the rew dala from slice 1 the new data for slice 2 10 ® Sample1 ® Sample2 ® Sample3 10 ® Rawclusters @ Merge adjacent clusters
o~ .'_:::_ r; . .
e 3 0.8 | PR . - 0.8 ;
=2 Wiy, g,
E § s 0.64 Th l“ I+ I*! * LY * * I* I *Ii * *Il Merge adjacent clusters 5 0.64 !+ ﬁ -* HEs -+ s —* -i as —* *
| ‘ EhiLE R 1 s ket B (|
Dimension 1 =z J ! p=4 ] p
position assignment for slice 2 04 *i | i L] 04 - 9*
% #a 0.2 ' 0.2
0.04— T o A T T o 12) 0.0 T P U
) (© = «
e (f%?a C’O\G“"’%e""’ @%@ﬁdﬁ ‘59'01@‘(\ C’an?\uvhc’c' & o ‘5"’(:?65@6 \o“a%ee" @"@@F& Q’Ovc"{\q o ?\0\-&\(”0 e
2
(B) (D)
i 10 ® Sample1 ® Sample2 @ Sample3 10 ® Rawclusters @ Add new cluster
0.84 +“ o ) 0.8 ) o .
P o 58 PR Z ’ ~
= 0.6 4-+ *++ iii + *** e Add new cluster = 0.6 * - + | | +T . b I! I* * I?
Il B — 1 @ L
Z0.41 ; Z 0.4 l? [ o7 —+ &
. .
0.21 e b I 0.21 : L
00 s‘l = = &St R «6 Y (n=16) ° 5 AR r_:,“ R
@»56 Sl “Oeav an 60 et cﬁ&e\f’ NN 3{»‘5 " 2% c,o\d\a% o0 ?ph (;0 N e‘;ce?\‘)@eo o
c. a8 Fe

E4. ETEEEYFEENITRIEREF RIS
(AFBABIMUBIERMRZE10x VisumEIEEENEEEMFESNEFS. (B) ET/ME FEMMERFISHEYEEEIUEEENFE
SHIEA. (C) BEGFHEPBTEXIEREUSBEHBEZNESFA. (D) BIEINFHKEERIUBENERNESFA.
Rz R 7 EIUEESE LS RETTIEANMEITS,



Shape of clusters

Repeated unit

SpatiaMGCN
stLearn

‘ ]
(A)
Gene Expression Matrix Position Number of Spots Sparsity
Linear
Gene Xy
EEEEEEE BN
_EEEEEEE =N .
;% Number of Clusters mTerse
EEEEEEE BN © e
° ° o.-
EEEEEEE BN LRy
(B)
—=— BASS —=— BayesSpace —#— CellCharter —m— GraphST SEDR SpaGCN
—#— Banksy —a— CCST —#— DeepST —#— PRECAST —u— STAGATE SpaceFlow
1.0 1 1.04E .-—- —_— 1.0 1.0 1

08 - ¥ ﬂ
/

;

0.8 4

_ 061 _ 061 _ 061 __ 061
o 14 14 o
< < < <
0.4 1 0.4 1 044 04 4
0.2 1 0.2 1 0.2 1 0.2 1
0.0 0.0 0.0 T T T 0.0 T T T T

Number of Spots

T T T T T
2000 4000 6000 8000 10000

T T T T
2000 4000 6000 8000 10000 0.2

Number of Genes

04 06 08
Sparsity

Els. EFAR=

4 8 12 16
Number of Clusters

(E)

lambda = 0.2

=5

delta

.

@ cluster 2

lambda = 0.4

@ cluster 3

lambda = 0.6

@ cluster 4

lambda = 1.0

delta =15

=25

delta

=35

delta

=45

delta

S[EMR TR SRS RIS S RELL IR

2

« .‘

S 5§
e2®_ (o

\0 Radifcia

?S,

p\

S rﬁ(" Gcﬁ ?\° \,\00‘\ &

0.20 0.23 0.33 0.56 0.68|
0.260.25 0.30 0.48[¢X: 14

0.190.200.34 0. 4¢

0.32 0.14 0.32 0.41/0.66]

0.210.120.31 0.537

0.140.18 0.36 0.61

STAGATE
0.07 0.07 0.090.

0.080.150.17 0.54 ik:Iv}
0.05 0.06 0.25 0:65 k2%
0.040.10 0.21 0:65{1k
0.050.13 0.19 0:59 K¢k}

0.190.150.130.230.44
0.200.2210.290.400.62
0.180.22 0.30 0.34 0.54
0.140.20 0.18 0.40 0.52|
0.120.16 0.280.47 0.57|

0.040.220.28/0.64
20.200.400.56

0.040.220.410.58
stLearn
0.490.54 0.59|

0.510.58 0.630.65

0.6
BayesSpace
0.110.110.160.170.45
0.10 0.11 0.19.0.26 0.29)
0.100.130.19 0.21 0.30)
0.100.120.150.380.51

0.09 0.11 0.120.22 0.51

0.29 0.120.14 0.33 0.49|
0.12-0.010.18 0.380.56)
0.26 0.130.14 0.38 0.53|
0.060.13 0.12 0.3910.57,
0.12 0.07 0.23 0.3810.56

ofa 1.0

0.090.130.250.410.64

0.06 0.18 0.39 0:620X:5}

0.090.230.38/0.61[0k::]

0.120.140.15/0.53 0.38
0.100.130.200.25 0:63|
0.100.150.20 0.25 0.38,
0.100.130.18/0.250.38

0.120.110.190.270.35
patiaMGCN
0.320.37 0.39.0.36 0.61

0.330.200.410.330.57|
0.260.140.38 0.34 0.42

0.22 0.050.27 0.550.43,

0.220.14 0.29 0.37 0.47,



LSS

QEXINEARS, Tl 14MTERRTRZR T 7 2 EHNEENL, BEAE
RAFE. SRERENENFES, FIrNERNNERSRE T HE#E.
QAEARNAZRF, HEMtEERTERERRREIRITHIEESE B BFLE
=, HPEERIAEMERIET D SR D ERREER.
QIR EF SN SERE, Tl Mo AR E 7 IUERIEERETIAL

K- =
- ::Iﬁ*io

Al

QA Github pJ3E:  https:/github.com/ZJUFanlLab/SRTBenchmark

Renjie Chen, Yue Yao, Jingyang Qian, Xin Peng, Xin Shao, Xiaohui Fan. 2025. A comprehensive benchmarking for
spatially resolved transcriptomics clustering methods across variable technologies, organs, and replicates. iMeta 4: ¢70084.
https://do1.org/10.1002/1imt2.70084.



https://github.com/ZJUFanLab/SRTBenchmark
https://github.com/ZJUFanLab/SRTBenchmark
https://github.com/ZJUFanLab/SRTBenchmark
https://github.com/ZJUFanLab/SRTBenchmark
https://github.com/ZJUFanLab/SRTBenchmark
https://doi.org/10.1002/imt2.70084
https://doi.org/10.1002/imt2.70084

¥ iMetaWwi

o 1SSN: 2996-9506
©ISSN;: 2996-9514
= 1o @ @ e
> . b RN LN Y ' > \\
; = L o »
=F) A
o s/ 5 . . -
/ Volume 1 « Issue 1 = 2024 olume 1« Issue -
o4 < ko

!
===
Nt
R ,
|

cience

Wi “ & “ 1 wiLey
iMeta(R) AT ZBARZE :F%iﬁkﬂf%‘—%‘ﬁﬂ}iﬁﬁéilﬁﬁﬁﬁ, X ERCellN AP IEEF KRG EHT, FHXIN
BRI AR, WlSEmAONMER. JTENMGRER, ERXFEYEA. REENHAZFFIHEZX
FR, E#SCIE. PubMedZEi3%, &#IF 33.2, (3|&ekSCIHATIEGSM(FIT0==), REESN, W
EMERREEKE—, PRREYFENIXTop, SMEFH21K, BIRELFRPMNEBTX.
FTliMetaOmics (R4%¥). iMetaMed (RE&E5)EAMIF>10M15M94EY) . EFLREHAT], FiDKFS!

F I1: http://www.imeta.science @ office@imeta.science

H kk#t: https://wileyonlinelibrary.com/journal/imeta imetaomics@imeta.science

iMeta: https://wiley.atyponrex.com/journal/IMT2
&H-"*'A:'_' iMetaOmics: https://wiley.atyponrex.com/journal/IMO?2 .9 = ¢ i
XA : https://wiley.atyponrex.com/ g 25K ¥ iMeta

iMetaMed: https://wiley.atyponrex.com/journal/IMM?3



https://onlinelibrary.wiley.com/journal/2770596x
https://jcr.clarivate.com/jcr-jp/journal-profile?journal=IMETA&year=2023
https://www.ncbi.nlm.nih.gov/pmc/journals/4576/
https://onlinelibrary.wiley.com/journal/29969514
https://onlinelibrary.wiley.com/journal/3066988x
http://www.imeta.science/
https://wileyonlinelibrary.com/journal/imeta
https://wiley.atyponrex.com/journal/IMT2
https://wiley.atyponrex.com/journal/IMO2
https://wiley.atyponrex.com/journal/IMM3
mailto:office@imeta.science
mailto:imetaomics@imeta.science
https://www.bilibili.com/video/BV1K4iUYjErS/
https://mp.weixin.qq.com/s/6V6HJG12tNDdphcIWXW4QA

	幻灯片 1
	幻灯片 2
	幻灯片 3
	幻灯片 4
	幻灯片 5
	幻灯片 6
	幻灯片 7
	幻灯片 8
	幻灯片 9
	幻灯片 10

