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Why Spatial Transcriptomics?

2
Tian, L., Chen, F. & Macosko, E.Z. The expanding vistas of spatial transcriptomics. Nat Biotechnol (2022). 

Cell state location and composition

Cell-Cell Interaction

Molecular interactions



Classes of spatial transcriptomics
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1 2

1 Sequencing-based ST

- Transcriptome wide 

2 Imaging-based ST

- Targeted transcriptome panel

Tian, L., Chen, F. & Macosko, E.Z. The expanding vistas of spatial transcriptomics. Nat Biotechnol (2022). 



Lee et al. Exp Mol Med 2020Chen et al. Cell. 2022

Chen et al. Science 2015

- Multiplex-Error-Robust-FISH (MERFISH)

Prof. Xiaowei Zhuang

How MERFISH Works



22Lee et al. Exp Mol Med 2020

Chen et al. Science 2015

How MERFISH Works



Binary barcode design



Encoding a binary barcode for MERFISH



Probe Hybridization Principle



How MERFISH WorksImaging through the bits



How MERFISH WorksImaging through the bits



How MERFISH WorksImaging through the bits



How MERFISH WorksError-Robust Feature Identification



From single-cell to in-situ sequencing: MERFISH

Chen et al. Science 2015



trichrome staining



trichrome staining

adaptive



trichrome staining

maladaptive

adaptive



Data Analysis: points of interest
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Single-cell Atlas of human CKD

>100.000 human kidney single cell transcriptomes

Kuppe et al. Nature 2021, PMID: 33176333  

KuppeLab 2023. 



Data Analysis: points of interest
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Fibroblast cell heterogeneity in human kidneys

KuppeLab 2023. 



Data Analysis: points of interest
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Cell-cell communication analysis 

Kuppe et al. Nature 2021, PMID: 33176333  
KuppeLab 2023. 



Data Analysis: points of interest
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Kuppe et al. Nature 2021, PMID: 33176333  
KuppeLab 2023. 

Cell-cell communication analysis 
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How many and which gene markers do you need?

23

> 3 Mio integrated sc-heart dataset



How many and which gene markers do you need?
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> 3 Mio integrated sc-heart dataset SPAPROS 
(L. Kuemmerle, M. Luecken
Fabian Theis)

https://www.biorxiv.org/content/10.1101/2022.08.16.504115v1



How many and which gene markers do you need?
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<300 genes are enough to represent the 
manifold



In situ Spatial Transcriptomics using MERFISH  on FFPE tissues
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- In FFPE tissue RNA is degraded!!
- Degradation is sample + region specific 



- Human kidney FFPE
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Human Kidney FFPE
140 Gene Panel for Human Kidney

202309080919_20230828-21-ES_VMSC05801

© KuppeLab 2023. 



29

Human Kidney FFPE
140 Gene Panel for Human Kidney

202309080919_20230828-21-ES_VMSC05801

© KuppeLab 2023. 
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Human Kidney FFPE
140 Gene Panel for Human Kidney

202309080919_20230828-21-ES_VMSC05801

© KuppeLab 2023. 
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Human Kidney FFPE
140 Gene Panel for Human Kidney

202309080919_20230828-21-ES_VMSC05801

© KuppeLab 2023. 



Cell-types

PC
IC-A
Fibroblasts
PTC
Podocytes



Spatial DNA barcodes

human myocardial infarction

55 µm

UMAP1

U
M

A
P

2

cellular niches

Spatial transcriptomics – array approach

(Visium, 10X Genomics)

Kuppe et al. 2022, Nature, PMID: 35948637



Spatial GEX of the human heart

34Kuppe et al. Nature 2022 Kuppe et al. 2022, Nature, PMID: 35948637



Spatial GEX of the human heart

35Kuppe et al. Nature 2022

BZ

control

IZ

FZ

cell type TFpathways

Kuppe et al. 2022, Nature, PMID: 35948637



36© KuppeLab 2023. 

Human Heart FFPE
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Human Heart FFPE

epicardial layer

endocardial layer
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202309061128_20230828-22-ES_VMSC05801

Human Heart FFPE
140 Gene Panel for Heart Tissue

© KuppeLab 2023. 
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202309061128_20230828-22-ES_VMSC05801

Human Heart FFPE
140 Gene Panel for Heart Tissue

© KuppeLab 2023. 
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202309061128_20230828-22-ES_VMSC05801

Human Heart FFPE
140 Gene Panel for Heart Tissue





CD247

CD8A

CD96

ITGAL

ITK

T-cell Markers



Credit: SpaceHack2022 Project 3 

Mesmer Cellpose 2 Baysor Ilastik

State of the art (SOTA) CNN 
based models

Probabilistic 
spot based 

segmentation

Random forest pixel 
classification method

Greenwald et al. 
2021 Nat. Biotech.

Stringer et al. 2021 
Nature Methods

Petukhov et al. 2021 
Nat. Biotech.

Berg et al. 2019 
Nature Methods

JSTA

Joint cell 
segmentation and cell 

type annotation

Littman et al. 2021 Molecular 
Systems Biology

https://www.nature.com/articles/s41587-021-01094-0
https://www.nature.com/articles/s41587-021-01094-0
https://www.nature.com/articles/s41592-020-01018-x.epdf?sharing_token=yrCA1mB-y9TR8-RC8w_CPdRgN0jAjWel9jnR3ZoTv0Ms-A3TbUG5N7s_6d3I7lMImMDE6cyl-17ubiknffX50r-dX1un0XSIQ2PGYWsCV1du16fIaipcHNxste8FMByEL75Ek_S2_UEVkSk7lCFllWEVogGWJwmQkBC9uKq9UEA%3D
https://www.nature.com/articles/s41592-020-01018-x.epdf?sharing_token=yrCA1mB-y9TR8-RC8w_CPdRgN0jAjWel9jnR3ZoTv0Ms-A3TbUG5N7s_6d3I7lMImMDE6cyl-17ubiknffX50r-dX1un0XSIQ2PGYWsCV1du16fIaipcHNxste8FMByEL75Ek_S2_UEVkSk7lCFllWEVogGWJwmQkBC9uKq9UEA%3D
https://www.nature.com/articles/s41587-021-01044-w
https://www.nature.com/articles/s41587-021-01044-w
https://www.nature.com/articles/s41592-019-0582-9
https://www.nature.com/articles/s41592-019-0582-9
https://www.embopress.org/doi/abs/10.15252/msb.202010108
https://www.embopress.org/doi/abs/10.15252/msb.202010108


44© KuppeLab 2023. 



MERFISH Data

1

43

2
▪ Cellpose only takes 2 chanels as 

input (one cell border and one 
nuclei)

1 – Cell border staining 3
2 – Cell border staining 2
3 – Cell border staining 1
4 – DAPI
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Cell boundary 1

Nucleus- DAPI

© KuppeLab 2023. 
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Cell boundary 1

Nucleus- DAPI

Cell boundary 2
© KuppeLab 2023. 



48

Protein Staining on Human Heart FFPE
• DAPI (blue)
• ICD (red)
• Vimentin (green) 

202308231100_20230726-13-VK_VMSC05801

© KuppeLab 2023. 
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Protein Staining on Human Heart FFPE
• DAPI (blue)
• ICD (red)
• Vimentin (green) 

202308231100_20230726-13-VK_VMSC05801

© KuppeLab 2023. 
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Protein Staining on Human Heart FFPE
• DAPI (blue)
• ICD (red)
• Vimentin (green) 

202308231100_20230726-13-VK_VMSC05801

© KuppeLab 2023. 



51

Protein Staining on Human Heart FFPE
• DAPI (blue)
• ICD (red)
• Vimentin (green) 

202308231100_20230726-13-VK_VMSC05801

© KuppeLab 2023. 



Summary

• Recent advent of genome-scale imaging has enabled single-cell omics 

analysis in a spatially resolved manner in intact cells and tissues. 

• These advances allow gene expression profiling of individual cells, and 

hence in situ identification and spatial mapping of cell types in complex 

tissues (heart and kidney). 

• Use of FFPE material for MERFISH has high translational potential

• The high spatial resolution of MERFISH further allows determination of the 

spatial organization of the genome and transcriptome with subcellular 

resolution.



Thank you!

@KuppeChristoph

Kuppe Lab:

Open positions 

available! 



SSAM: Cell segmentation-free inference of cell types

Figure from 

https://www.biorxiv.org/content/10.1101/2023.02.13.528102v1.full.pdf

Park, J., Choi, W., Tiesmeyer, 
S. et al. Cell segmentation-free 
inference of cell types from in 
situ transcriptomics data. Nat 
Commun 12, 3545 (2021).



3D cell segmentation approaches 



How MERFISH Works
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