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Present challenges

• Next generation sequencing technologies  unbiased genomic, epigenomic 
and transcriptomic information in cells and tissues

• Multiple spatially resolved omic measurements in the same biological sample 
could reveal completely new spatiotemporal interdependencies that would 
advance our understanding of how complex biological systems operate 



“Traditional” smFISH

Limited availability of fluorophores with non-overlapping 
spectra  simultaneous detection of only few transcripts

Itzkovitz et al., Nature Cell Biol., 2012



smFISH - multiplexing approaches

Lubeck et al., Nature Methods, 2012

FN transcripts can be detected
F = number of dyes
N= number of hybridization rounds

Lubeck, et al., Nature Methods, 2014

Barcode
Type

Hybridization
Pattern

Spatial
Reconstructio

n
Fidelity

Resolution
Requirement

Minimum
required
Flurophore
Emission

Linearization
required

Multiplex
Scaling

Spectral distributed 100% 100 nm ~400 photons No p!/(p-
n)!/n!

Spatial localized 74% 20 nm ~3000 
photons

Yes p!/(p-
n)!/2

p = number of fluorophores
n = number of positions
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seqFISH in brain slices - principle

Fn 625 combinations

F*n  25 combinations



seqFISH in brain slices - validation



Distinct Clusters of Cells Exhibit Different Regional 
Localization in the Brain



Spatial Layering of Cell Classes in the Dentate Gyrus



Subregions of the Hippocampus Are Composed of Distinct 
Compositions of Cell Classes



• Multiplexed spatial assessment 
of ~100 genes in single cells

• In mammalian brain tissue
• High sensitivity and specifity

(almost no off-target effects)
• Identification of cell types in 

distinct regions and layers  

• Target genes have to be known
• Time consuming  only study of 

one coronal section in the whole 
paper

• Only 2 mice  biological 
reproducibility?

• Real 3D ?  no information 
about slice thickness

• Lack of sufficient raw data

Summary
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Padlock probes and rolling circle amplification

LNA-modified oligonucleotides prime reverse transcription 
upstream of the site of a SNV 

Padlock probe with 5’- and 3’-homology 
arms and a linker sequence

100 – 1 000’s of copies by amplification of the padlock probe 
via an isothermal DNA polymerase

Linker copies are detected by fluorescently 
labeled oligonucleotides

Larsson et al., Nature Methods, 2010

Only if both homology arms are complementary to the 
cDNA target sequence  ligation and circularization



In situ RNAseq

4-base sequence 
barcodes inserted in 
padlock probes 
targeting selected 
transcripts 

4-base sequences 
encompassing an 
expressed SNV

Ke et al., Nature Methods, 2013 Voelkerding et al., Clin. Chem., 2009



Lee et al., Science, 2014

FISSEQ
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Primer and padlock A for GAPDH

Design and validation of STARmap principles



Spatial cell typing in V1 with 160-gene STARmapping
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Spatial cell typing in V1 with 160-gene STARmapping



STARmapping cell types and neural activity in mPFC



Simultaneous mapping of 1020 genes in V1 by STARmap



STARmap in thick tissue blocks for 3D analyses
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STARmap in thick tissue blocks for 3D analyses



• STARmap defines a platform for 3D in situ transcriptomics
• Study molecularly defined cell types and activity-regulated gene expression in mouse cortex
• Scalable to larger 3D tissue blocks so as to visualize short- and long-range spatial organization 

of cortical neurons on a volumetric scale
• In theory, ~1 Mio. codes  upper limit of the optical volume of cells at ~1020 genes  serial 

sequencing rounds, higher super-resolution microscopy

Summary



Thank you for your attention!
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