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Single cell biology

Robert Hooke 1665



Single Cell RNA sequencing

Tissue Dissociation compartmentalize Sequencing & 
Analysis



Tissue architecture

Perkin ElmerIGB Illinois Morrow et al.  2008

Brain Retina Cancer



Detecting RNA in tissue

RNA detection in situ Analysis Spatial transcriptomics



Cyclic FISH Barcoded FISH in situ Sequencing Spatial Sequencing

RNA spatial detection
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Microscopy methods



in situ Hybridization



in situ Hybridization (ISH)

Lein et al.  2008



Fluorescent in situ Hybridization (FISH)
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single molecule FISH (smFISH)

Probes

Raj et al. Nature Methods 2008



single molecule FISH (smFISH)
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single molecule FISH (smFISH)

Raj et al. 2008

• High sensitivity

• Low false positives

• Low false negatives



single molecule FISH (smFISH)
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Limited fluorphores



Cyclic labeling

Round 1 Round 2Label removal

Labeling &
Imaging

Labeling &
Imaging
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osmFISH

Codeluppi et al. Nature Methods 2019



Video
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Pipeline

RNA detection Cell segmentation Cell counting



mRNA
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Cell segmentation

Panagiotakis et al. IEEE 2018



Cell segmentation

Stapel et al. Development 2016
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osmFISH clustering
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Cell type map Cell type map



Spatial analysis

µm



Cyclic smFISH

Resolution: Diffraction limited (150-300nm)

Detection efficiency: ~100%

Gene throughput: tens of genes (F x R)

Spatial throughput: several mm2
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Reprobing same molecule

Round 1 Stripping Round 2



Barcoding



Barcoding



SeqFISH

Lubeck & Cai Nature Methods2014



Barcoding

Scaling: FluoRounds

47 = 163,84 genes

48 = 65,536 genes



SeqFISH

Shah et al. Neuron 2016



SeqFISH

Shah et al. Neuron 2016



SeqFISH

Shah et al. Neuron 2016



Challenges

• Errors in barcodes

• Optical density



Errors
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MERFISH

Chen et al. Science 2015



MERFISH

Chen et al. Science 2015

Barcode 1:  1 1 0 0 0 1 0 0 1 0

Barcode 2:  0 1 0 0 0 1 0 0 1 0



MERFISH



MERFISH

Chen et al. Science 2015



MERFISH

Moffit et al. Science 2018



MERFISH

Moffit et al. PNAS 2016



Barcoding Optical space



Barcoding Optical space

Codeluppi et al. Nature Methods 2019



Expansion microscopy

Chen et al. Science 2015
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Dense barcode



Dense vs Sparce barcode
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SeqFISH+

Eng et al. Nature 2019

Sparce barcode



SeqFISH+

Eng et al. Nature 2019



Barcoded smFISH

Resolution: Diffraction limited (150-300nm)

Detection efficiency: 70-90%

Gene throughput: 100 - 10,000

Spatial throughput: several mm2
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in situ sequencing
Rolling circle amplification

mRNA



in situ sequencing

Sequencing by ligation



in situ sequencing

Qian et al. BioRxiv 2018



FISSEQ

Lee et al. Science 2014



STAR MAP

Wang et al. Science 2018



STAR MAP
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STAR MAP

Wang et al. Science 2018



Sequencing in situ

Resolution: Amplicon size (0.5 - 1um)

Detection efficiency: 0.01 - ~50%

Gene throughput: 10 - 1,000

Spatial throughput: several mm2 - several cm2
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Spatial transcriptomics

Stahl et al. Science 2016



Spatial transcriptomics

Spatial Transcriptomics

100µm 200µm



Spatial transcriptomics

Stahl et al. Science 2016



Spatial transcriptomics

Stahl et al. Science 2016



Array of barcoded beads

Random barcoded beads Array Decoded array



Slide-Seq

Rodriques et al. Science 2016



High density Spatial transcriptomics

Vickovic et al. BioRxiv 2019



Spatial Sequencing

Resolution: Spot size 2um - 100um

Detection efficiency: 0.1 - 1%

Gene throughput: Full transcriptome

Spatial throughput: several cm2



Cyclic FISH Barcoded FISH in situ Sequencing Spatial Sequencing

RNA spatial detection



Spatial Transcriptome profiling

Questions? 




