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20 years of transcriptomics

Driven by microfluidics technological developments

Whole Genome View
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Early 2000’s: DNA microarray Late 2000’s: RNA sequencing

e Large-scaletranscriptome * Whole transcriptome

e Oligonucleotide probe tilling » Next Generation Sequencing
e Fluorochromesignal analysis ¢ Fulkranscript coverage

e Bulkresolution * Bulkresolution

Cost : 4k€
20 samples
25k genes
0,5M matrix

Cost : 4k€
20 samples
50k genes
1M matrix
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Mid 2010’s: Single -cell

e Whole transcriptome

e Microfluidics + NGS

e 3p-end gene signal (UM)

e Sensitivity (6%)

e Single-cell/ state resolution

‘%5@ . Cost : 4k€

‘ ‘ 5k cells
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2020’s : Spatial

e 300-1000 gene targets

* Imaginganalysis

* MultiplexingFiSH(single molecule)
» Sensitivity (3080%)

* Sub-cellular resolution

Cost : 4k€

250k cells

© 1k genes

250M matrix

+ Spatial dimension
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Human Cell Atlas

Our contribution

2019

TECHMNIQUES AND RESOURCES | 250CTOBER 201%

Novel dynamics of human mucociliary differentiation
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The discovAIR project: a roadmap towards the Human Lung Cell

Single-cell meta- analysisofSAllS—CoV 2 entry genes Ao

across tissues and demographics
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Transcriptomics

Complex outcomes of alternative splicing

B « 90% of the genes are subjected to alternative splicing,
E& %ﬁ + Gencode v42 : 252,416 distinct isoforms for62,696 genes,
* On average, a human gene contain8.8 exons, mean size 0f145 nt,
Cassette exon Mutually exclusive ° Average encodes mRNA2,410 nt |0ng .

% % 5’UTR Coding sequence 3’UTR
| .

770nt 1,340nt 300nt

Alternative 5" splice site Alternative 3" splice site

Alternative splicing and disease
Tazi et al, 2008

Transcript isoforms

Scottiand Swanson, Nat Rev Genet., 2016 » Inference required

Short-read sequencing

nature methods

U

m Direct full exonic layout
One read is one molecule

Long-read sequencing

Nature Method [ aest
of the Year2022 '




Single -cell long -read transcriptomics

SiCelLoRe, Nature Communication, 2020

Article | Open Access | Published: 12 August 2020

High throughput error corrected Nanopore single cell

\ - -
lgdﬁ:\s ) ’ _ transcriptome sequencing
/ \ Kevin Lebrigand E‘, Virginie Magnone, Pascal Barb[}:'“_—" & Rainer Waldmann =
Standard shortread sequencing Long-read full-length sequencing
cell cell
‘ umi barcode umi barcode
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Information on alternative splicing, fusion transcripts, SNV, editing, imprinting, allelic imbalance

? https://github.com/ucagenomix/sicelore-2.1



https://github.com/ucagenomix/sicelore

Single -cell long -read transcriptomics

76 isoform-switching genes along neuronal maturation

reveals diversity

ﬁ E18 C57BL/6 mouse
s hippocampus, cortex,

== _%. and ventricular zone

Average Gene Expression
(short read data)
2

-1

Average Isoform E

Myls
Myl6-201
Myl6-206

Clta
Clta-204
Clta-2086
Clta-205

Clta

Tecr
Tecr=203
Tecr-201

Tecr

Pkm
Pkm-201
Pkm-202

Pkm

Cdea2

cdcaz-202| @

Cdecd2-201

Cded2

Smarch]
Smarch1-202
Smarch1-201

)o@ @0 o0 -

s|lee @@

LR I BN

Smareb1

Rps24
Rps24-205
Aps24-202

® De-0cen0r0 o

Rps24

Shigib1
Shiglh1-202
Shiglb1-201

@ Be -olcoedeed e

Shiglbt

Psap
Psap-205
Psap=201

Ziandé
Zfand6-202
Zfand6-208

Zerb1
Zerb1-201
Zerb1-208
Vps29
Vps29-208
Vps29-204

SLER IS

.

-e®

Psap

Zfandé

Zerbl

Vps29

Faim
Falm-202
Faim-201

Faim

Gass
Gass-210
Gas5-224

Gas5

Gnas
Gnas-208
Gnas-206
Gnas-205

00
X 1 L]

o0 o0
. 009 o

Gnas

Clathrin-dependent endocylosis

m‘-ﬁ\ﬁ‘or formation of

clalhrin-coated vesicls
- > P
Fi 1] -
AP-2
) */‘ s

\\ clathrin

Clta-204 —

E

—+- —0 236 aa

Clta-206 M——-

Clta-204

20

SNE_2
o

Pre 90&1;*@0

Cajal-Retzius -

mature Glutamatergic -
immature Glutamatergic -
mature GABAergic -
immature GABAergic -
enitor -
cycling radial glia -
radial glia -

intermediate pr

Clta-206

— N1 218 aa

0 25

50
percentage

20 tSNE_1

isoforms

@ Clta-201
O Clta-203
l Clta-204
H Clta—205
@ Clta—206

75 100

» Access to the full length sequence heterogeneity (RNA-£o-I editing)



Spatial Transcriptomics approaches

Historical timeline

» Spatial transcriptomics aimsat directly visualize gene expression in their originahvironment

» Tacklethe main limitation of single cekxperiment missing the spatial organization
* A lotof developments in the last years thanks to recemidvancesin differentfields

@ RNA-seq of individual

cryosections ™
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@MERFISH (@ST) @Geo-seq | 5 mictoscopy e =1E Merscope
' Nanastri
.LCM .RNASCOPQ .FISSEQ : @EBaristaSeq @ 5TARmap aé:::;;‘g @HDsT : i COS mXx
: . Xenium
1982 ‘ 2008 ‘ 2013 ‘ 2015 2017 ‘ 2019 ‘ ‘ i ® l&_,_.-.—:
. - ® P p | >
‘ 1996 ‘ 2012 2014 ‘ 2016 | 2018 ‘ ‘ ‘ ‘ | Slide-seq-v2
! 1 =
i @ProximiD @ seqFISH+ APEX-Seq e tereo-se
@ smFisH ~ @smfisH @ I55using @ In silico L @osmFIsH o | ) q
{on RNA) (improved protocol) padiock probes reconstruction @sedFIsH @n silic| . DBIiT-seq
@A | usingisH (smHCR)  DistMa)| @slide-seq ! n
@ seqFisH

@ 5ection 1. Technologies based on microdissected gene expression
. Section 2. In situ hybridization technologies
Spatially ResolvedTranscriptomes NextGeneration Tools for Tissud&xploration . Section 3. In situ sequencing technologies

Asp et al., B/OESSéIys 2020 . Section 4, In situ capturing technologies

. Section 5. In silico reconstruction of spatial data



In-situ capture Spatial Transcriptomics (2017 -2022)

Visiumis widely adopted by academics

Visium
GeoMX DSP
ST Visium Spatial  Capture Area with Visium Gene
Tomo-seq Gene Expression  ~5000 Barcoded Expression Barcoded
GeoMX WTA Slide Spots Spots
the Category | = |
manual dissection B Roisetection = T
Stereo-seq
% skde-seq? . Hos
= [ smFisH
smFISH D
Molecular Cartography [ s EI
MERFISH
HybISS D
punch E]
RNAscops R —
SCRINSHOT
0. ?IEI d:D Y 8;0 100
MNumber of institutions using the method
Read 1:28
Sample Spatial BC+UMI Sample
Index (15:10) [ Index (i7:10)
I BN (. I
I BN T [
P5 TruSeqRead 1 Spatial UMl Poly(dTIVN < — TruSeqRead 2
Barcode Relad 2:90
nsert

—> Spatial barcode / UMl assignment strategy identical as the droplet-based single-cellapproach



Spatial isoform Transcriptomics ( SiT)
Nucleic Acids Research, 2023

The spatial landscape of gene expression isoforms in tissue
sections 3

Kevin Lebrigand, Joseph Bergenstrahle, Kim Thrane, Annelie Mollbrink, Konstantinos Meletis,

Pascal Barbry &, Rainer Waldmann, Joakim Lundeberg  Author Notes

Nucleic Acids Research, Volume 51, Issue 8, 8 May 2023, Page e47, https://doi.org/10.1093/nar/gkad169
Published: 17 March2023 Article history v

a Tissue preparation and generation Sequencing and features
of spatially barcoded cDNA counting of same molecules Multi-levels statistical analysis
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Gene-level expression and regions annotation
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Nanopore promethlON long -read sequencing
Sample UMI complexity

Sequencing saturation curves per sample Transcripts fultlength coverage
MNanopore
2 Nanopore 66.8% 7 12 n Mg‘l‘i
MOB 83.1% 5= &
cBS1 2 5
W ces2 [ 10
16 s=
: c= 0] =z
¥ 32 ® g
0 D o g 2 5908 4 3
5 2 P ra, . > / o
= P 0 5] 7 X
1S L MOB CBS1 cBS2 32 06 2
= | 4
e i & 8
= o - @© g 5
o i ! S s g 04 o
T £ g i lllumina ‘g
4 o 5 =0 cBS2
T 2 o
L © 25
i =®
0 L 0 00
0 50 100 150 200 250 300 PolyA  SpatialBC  UMI 0 20 40 60 80 100
Reads (millions) Normalized distance along transcript (5p->3p)
Reads MOB CB52
Date 18 feb. 20 20 mar. 20 18 feb. 200 20 mar. 20 24 feb. 21 12may20 13may20 19may20 25may20 25may20 26may20 27 may20 09feb.21 Total
Flow cells PAEOG474 | PAE59649 PAE01745 | PAE59645 | PAGS2067 PAE59606 | PAES9231 | PAE32756 | PAE32753 | PAE31188 | PAE21339 | PAD99555 | PAGS6E368 13
Total reads (fastq_pass) 27628000 | 47272000 24980000 | 31736000 [ 117280000| | 22897702 | 30405384 | 27492770 | 18534938 | 31506774 | 19108718 | 25596387 | 110916000 | 535354673 | %age
PolyA and Adapter found reads 21318117 | 47970311 17980183 | 27286678 | 80516212 18536047 | 25199992 | 22871198 | 16088962 | 26777546 | 15983663 | 21682530 | 85837208 | 428048647 | 79,96 of Total passed reads
SpatialBC found reads 14506264 | 29316718 12554655 | 10051597 | 54323311 14613934 | 10867830 | 14666481 | 11403706 | 19099469 | 11266930 | 14000779 | 60154119 | 204015793 68,90 of PolyA found reads
UMIs found reads 10445006 | 19328468 7323748 | 10517081 | 27584331 8616415 | 11714126 | 9347072 | 7557944 | 12657620 | 7448718 | 9031708 | 34225619 | 175797856 59,61 | of SpatialBC found reads

CBS1: Oneflow cell, 117 M reads—> 51.6% sequencing saturation
CBS2: One flowcell, 111 Mreads - 62.2% sequencing saturation
- 1 or 2 Promethion flow cells per Visium slice



SiT reveals specific splicing pattern across MOB regions

Plpl Differential TranscriptUsage (DTU)

b chri 136.825Mb 136.830Mb 136.3.35Mb
C T — T d T I I I
Pip1-201 [}
>protein coding
Pipi-202 [}- e S RS oo aaree orcm | |

protein coding

L SiT

it .

ProteolipidProtein1 (Plpl) is a gene
involved in severe pathologies
associatedwith CNS dysmyelination



SiT reveals specific splicing pattern across MOB regions
Plpl Differential TranscriptUsage (DTU)

b e 136.825Mb 136,830Mb
r — — — =—

ProteolipidProtein1 (Plpl) is a gene
involved in severe pathologies
associatedwith CNS dysmyelination

Plp1-201 [}
>protein coding

_____________________________________________________________________________________________

1 2. CARTANA
32 o

i %1 L2 Part of 10x Genomics

' 5

; =0

In Situ Sequencing Data



SiT reveals specific splicing pattern across MOB regions

Cell type deconvolution using single cell external dataseT€peet al., 2018)
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Spatial spot deconvolutionof PjpZ expresser celltypes
- Piplis expressed as Plp1-201 by myelinating-
oligodendrocytes (MyQligo) in the Granule Cell Layer
- Plplis expressed as Plp1-202 by
(OEC) in the



SiT reveals full -length sequence heterogeneity (CBS)

Global A-to-1 RNA editing spatial map

e Exploration 0f5,817 A-to-1 RNA editing sites described in théterature (Ramaswamiet al., 2013 (RADAR) Licht et al., 2019)

» Long read high confidencecall thresholding looking at agreement between long and short read base calls for 88,175 shargills

— number ofreads per UMI>=3

— consensus Phred score QV>=6
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Imaging -based Spatial Transcriptomics (2022)

No more sequencing for direct singlecell resolution

Lower gene panel targetqfrom WT to ~1,000 genes)
Higher sensitivity(from ~6% to 30-80%)

Larger imaging area(42 to 236 mmz2)

Higher resolution(from 55 um to subcellular)

WHOLE SECTION WIDE FIELD OF VIEW

Nanostring CosMx
ISH-based

VizgenMerscope
Multiplex ErrorRobust FISH
Available (oct.2022) HEQ

10xGenomics Xenium
Padlockprobes / RCA
Available (jan.2024) rde@

o &
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Single cell and Spatial isoform transcriptomics

Summary

Accurate single-cell and spatial transcriptomics using Nanoporelong-read sequencingis feasible

Long reads sequencingrevealstranscript diversity that is missed with standard short reads workflows

Single Nucleotide Variationcalls (SNV,editing) in single-cell and in a spatial context can be achieve

Sicelore-2.1 : we don’'t need short reads anymore

ol = semr ™ Nanopore PromethlON sequencing

=it 2018: 20M reads/FC,92% raw read accuracy

. 2022: 150M reads/FC,98% raw read accuracy

g“"é’ﬂw"rl’;:;fﬁraifliefiiiyijfi g https://github.com/ucagenomix/sicelore?.1

» Visium and singlecell 3’ and 5’ libraries
* llluminafree profiling available
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