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Single Cell RNA sequencing

Tissue Dissociation compartmentalize Sequencing &
Analysis
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Detecting RNA In tissue

RNA detection /n situ Analysis Spatial transcriptomics
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RNA spatial detection

Cyclic FISH Barcoded FISH
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Microscopy methods

Cyclic FISH Barcoded FISH
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In situ Hybridization




In situ Hybridization (ISH)
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Fluorescent in situ Hybridization (FISH)
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RNAscope

Z = Target ANA-Specific Oligo Probes
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single molecule FISH (smFISH)

Gene 1 40X
Gene 2 40X
Gene 3 40X
Gene 4 40X

Probes

Raj et al. Nature Methods 2008






single molecule FISH (smFISH)

* High sensitivity
Genel40X __ @

Gene2 40X _ @
* Low false negatives Gene 3 40X _.

Gene 4 40X _____ ¢

* Low false positives

Raj et al. 2008



single molecule FISH (smFISH)

Gene 2 Gene 3 Limited fluorphores




Cyclic labeling

Round 1 Label removal Round 2

Labeling & Labeling &
Imaging Imaging
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osmFISH

Hybridization 1 Strip 1 Hybridization 2
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Hyb 1 Strip 1 Hyb 2 Composite
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Codeluppi et al. Nature Methods 2019
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Pipeline

RNA detection Cell segmentation Cell counting
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Cell segmentation

Panagiotakis et a/. IEEE 2018



Cell segmentation

membrane probability




Single cell expression
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osmFISH clustering
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osmFISH tSNE
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Spatial analysis
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Cyclic smFISH

®  Resolution: Diffraction limited (150-300nm)

Detection efficiency: ~100%

K Gene throughput: tens of genes (F x R)

Spatial throughput: several mm?2




Barcoded FISH
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Reprobing same molecule |||TET$

Round 1 Stripping Round 2
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SeqFISH

FISH probes Same probes Same probes
with purple dye with blue dye with green dye
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Composite four-color FISH images
Hybridization 1 — probe set 1 Hybridization 2 — probe set 2 Hybridization 3 — probe set 1

Lubeck & Cai Nature Methods2014
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Barcoding

Scaling: FluoRounds
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seqFISH

Sema3le
Kcnip

Hyb 1
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Contro
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Barcode Hyb 2
Control

Barcode Hyb 1
Barcode Hyb 3
Barcode Hyb 4

Shah et al. Neuron 2016
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SeqFISH
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Challenges ‘\/‘
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e Errors in barcodes
* Optical density



N
Errors ‘\/‘

{THTION
d Round 1 Round 2

7 7

7 7
Barcode Targets
7

7

J
O
-

® 060606060606 0|V

1
o
o
o
®
®
®
®
®




MERFISH ﬁﬁf&

Chen et al. Science 2015



MERFISH ﬁﬁfx

Barcode1l: 1100010010
Barcode2: 0100010010

A &

Hamming Distance 4 Single Error Correction Double Error Detection
11000001000000170 110000010000001 0= 110000017100000010

) & 44 ' ) Vi

010000010007 0001 10000001000000170 0000CO0O0D0T100000010

— — Other codewords \t—p Other codewords
3 errors 2 errors

Chen et al. Science 2015



MERFISH ﬁﬁfx

MERFISH Roundl Round?2
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MERFISH ﬁﬁf&
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MERFISH ﬁﬁfx
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MERFISH ?ﬁf&

C Uncleared
MERFISH

= e MRNA , Encoding probe <« Anchor probe
Moffit et al. PNAS 2016



Barcoding Optical space ﬁ‘m&
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arcoding Optical space ﬁ‘m&
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w
°
- [e}]
i £ - _g'
P
-r & . - g
w ¥ & g
-
- W e l '. n *. %
v
ll.; ; -i. ’ i = ’ . §
L]
& L ]
L ' ""'.- - - .
2 ™ .‘., L] "“ & 400 600
. ¥ 0e ‘J' - . Number of molecules
L]
M » ﬁ by ' » - x L]
i ‘ - . [ ] - - & 5
‘ L ] ‘ » . & " . L] %
1 " -'i - = 1 £
. - .. =
[ ;i & L A . =
" - S
L & 5 . g
L - E
-, : £
T .

Codeluppi et al. Nature Methods 2019



S
EXxpansion microscopy |||TET$

Chen et al. Science 2015
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Round 1 Round 2
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Dense vs Sparce barcode |||TET$
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SeqFISH+

Sparce barcode
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SeqFISH+
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Barcoded smFISH ﬁ‘m&

» Resolution: Diffraction limited (150-300nm)

oq Detection efficiency: 70-90%

K Gene throughput: 100 - 10,000

Spatial throughput: several mm?2




/n situ Sequencing

CTCAGCGGT
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CTCAGCGGT
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In Situ sequencing

Rolling circle amplification




CTCAGCGGT

ACTA

In Situ sequencing

in situ sequencing

Sequencing by ligation



CTCAGCGGT
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In Situ sequencing
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Cnrl
AGCG-H4

Qian et a/. BioRxiv 2018



CTCAGCGGT
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FISSEQ

FISSEQ < : Sequencing rounds
% Cleavage & TroTrT
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Sequence
PTG ADPGADG

Fiproblagt BNA

Lee et al. Science 2014




CTCAGCGGT

STAR MAP

Solid heterogeneous tissue
“|SNAIL probe DNA amplicon
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1020 genes mapped in & rounds of seguencing

L2 Channel 123

STAR MAP

nadon- 1 Inhibiton

Inhitory
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Wang et al. Science 2018




CTCAGCGGT

ACTA

STAR MAP

L o
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Plexd2  Inhibitory

Slc17a7  Layer-specific

Major cell types

wuw Lo

1™ 32 000 cells
Wang et al. Science 2018




CTCAGCGGT
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Sequencing in situ

» Resolution: Amplicon size (0.5 - 1um)

Detection efficiency: 0.01 - ~50%

K Gene throughput: 10 - 1,000

Spatial throughput: several mm? - several cm?




Spatial Sequencing



Spatial transcriptomics h\)lﬁﬁ f

Surface probe

Cleavage Amp and Spatial UmMi mRNA capture
site seq handle  parcode (ID) region

Tissue section

e L

ID582 D583 D384 |D5385 D586 1D587 D588 D588  ID590

Stahl et a/. Science 2016



Spatial transcriptomics h\)lﬁﬁ f

Spatial
Single Array Transcriptomics
of Over 1000 Slide
Unique Spots

Spatial Transcriptomics
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Spatial transcriptomics

cDNA synthesis Imaging gene expression

Tissue
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Staining/Imaging tissue
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Spatial transcriptomics A NNEN]
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® Cluster 1: Granular cell layer Cluster 3: Outer plexiform layer ® Cluster 5: Olfactory nerve layer
® Cluster 2: Mitral cell layer Cluster 4: Glomerular layer

Stahl et a/. Science 2016



Array of barcoded beads 3\)\ §| ?\ éf\ ﬁ\ 86\

Random barcoded beads Array Decoded array
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In situ indexing
G Total time ~ 3 hours

Transfer to tube
r \-.

S
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Section tissue
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i@ CA1

@ DG

Difactﬁ ry
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Hippocampus Kidney

Rodriques et al. Science 2016




High density Spatial transcriptomics Jﬁ\)lﬁﬁﬁ

Methodology Sample Preparation Sequencing and Analysis

2. Array / 3. Si_ngie well 5. Oligo 1. Tissue resection 2, Image recording issuE (side view! 1. Library prep 2. Sequencing
wells with beads - : : e reaction

L
5 200

poly(diTVN
UMl e

/ olfactory bulb

staned
1

llumina adaptor

T7 promoter
— cleavage site

X
(o &

» coordinates

Vickovic et al. BioRxiv 2019



Spatial Sequencing 3\)\ f\ ?\ ﬁ %6‘

» Resolution: Spot size 2um - 100um

Detection efficiency: 0.1 - 1%

K Gene throughput: Full transcriptome

Spatial throughput: several cm?




RNA spatial detection

Cyclic FISH Barcoded FISH
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/n situ Sequencing
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Spatial Sequencing
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