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Common Spatial Technologies
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Bressan D. et al. The dawn of spatial omics. Science. 2023 Aug 4;381(6657):eabg4964. doi: 10.1126/science.abq4964.
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Deterministic Barcoding in-tissue (DBiT-seq)

Broad applications of different modalities

Histone modification Deterministic barcoding Spatial distribution

| N in microfluidic channels Spatial clusters of profiled molecules
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Spatial epigenome-transcriptome co-profiling of
mammalian tissues
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Experiment Workflow for DBIT
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Experiment Workflow for DBIT

Tissue section (~7-10
pm) on a slide
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Zhang, D. et al. Spatial epigenome-transcriptome co-profiling of mammalian tissues. Nature 616, 113—122 (2023). https://doi.org/10.1038/s41586-023-05795-1
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Sequencing-based: From Single-cell to Spatial
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https://genome.med.harvard.edu/services/singleCell/ViewOverview.action
https://www.10xgenomics.com/



Spatial Information Extraction

Manually Software
Adobe lllustrator + Python AtlasXomics Browser
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https://github.com/Shuozhen/2024 ISB_workshop_Practical Methods in_Spatial-Omics/tree/main/Spatial _folder generation
https://docs.atlasxomics.com/projects/AtlasXbrowser/en/latest/Overview.html



Breakdown Raw Data from Sequencing

Libraries built with Illumina NextEra Kit, sequencing by NovaSeq 6000
Pair-end 150 bp in total

Read 1 Sequencing data for genes or DNA fragments

©A00261:827 :HGKFMDSX7:1:1101:1253:1031 1:N:0:AGGCAGAAAT+AGGCTTAGGT
ANGCAGTGGTATCAACGCAGAGTGAATGGGAGATGTCCGGGGCTGCACGCGCCTACACTGACTGGCTCAGCGTGTGCCTACCCTACGCCGGCAGGCGCGGGTAACCCGTTGAACCCCATTCGTGATGGGGATCGGGGATTGCAATTATTC
+

F#FFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFF: FFF

(A00261:827 :HGKFMDSX7:1:1101:1777:1031 1:N:0:AGGCAGAAAT+AGGCTTAGGT
ANGCAGTGGTATCAACGCAGAGTGATGGGGAAGGTATAGCTGATGTTTTGTGTGAGTCGGTGAATTGTCACAGAAGTAGACAAAACCATGCAAAATTTCCATTTGTTTCTTTGGATTTACCTCTGAGCCGAGTCTCTCAGATCATTAGAA
+

F#FFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFF, FFFF, FFFFF

Read 2 Sequencing data for spatial barcodes and UMI
RNA

CAAGEGTTGGCTTCICGCATCIAACACTTGATCCACGTGCTTGAGAGGCCAGAGCATTCGRMEABTIGG TGGCCGATGTTTCGCATCGGCGTACGACTNNNNNNNNNN T TTTTT7TT

ATAC
AACACTTGATCCACGTGCTTGAGAGGCCAGAGCATTCGEBEAETIGGTGGCCGATGTTTCGCATCGGCGTACGACTAGATGTGTATAAGAGACAG

\ A | A ) | J
Y Y Y Y Y

Y
1-22 bp 23-30 bp 31-60 bp 61-68 bp 69-98 bp 99-107 bp

PCR primer -22bp BC_B -8 bp Linker2-30 bp BEWAREIBR Linker 1-30bp BNIEHOBH ME regions - 19 bp




Data Pre-processing -> Gene Matrix or Fragments.tsv
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https://github.com/jfnavarro/st_pipeline
https://www.10xgenomics.com/cn/support/software/cell-ranger/latest/algorithms-overview/cr-gex-algorithm



Downstream Data Analysis - RNA

Spatial analysis

These vignettes will help introduce users to the analysis of spatial datasets in Seurat v5, including technologies that leverage
sequencing-based readouts, as well as technologies that leverage in-situ imaging-based readouts. The vignettes introduce data
from multiple platforms including 10x Visium, SLIDE-seq, Vizgen MERSCOPE, 10x Xenium, Nanostring CosMx, and Akoya CODEX.

Analysis of spatial datasets

(Imaging-based)

Learn to explore spatially-resolved data
from multiplexed imaging technologies,
including MERSCOPE, Xenium, CosMx
SMI, and CODEX.

Analysis of spatial datasets
(Sequencing-based)

Learn to explore spatially-resolved
transcriptomic data with examples from
10x Visium and Slide-seq v2.

* Spatial physical context
* Localized analysis
* Pseudo-time analysis
* Like Single-cell analysis
* Not exact single-cell
* Demultiplexing

https://satijalab.org/seurat/articles/get started v5 new



Downstream Data Analysis — ATAC/CUT&Tag
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Downstream Data Analysis — Multi-omics

Joint scRNA-seq and scATAC-seq analysis: 10x Multiomic

Tasks

Integrating unpaired datasets

@
@
Integrating paired datasets

o —o
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o ©

Integrating paired datasets
with a trajectory

//

-t

Methods

Unpaired methods

» scDART * Harmony
» UnionCom - Seurat
+ MMD-MA -« LIGER
» scJoint + GLUE

Paired methods

* scMVP *+ MOFA+

Paired-guided methods

* MultiVI + Cobolt

A O O celltype

@ omics

https://stuartlab.org/signac/articles/overview
https://scglue.readthedocs.io/en/latest/
https://www.biorxiv.org/content/10.1101/2023.11.15.564963v1
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Time scalibility

Ease of use

In this tutorial we demonstrate a joint analysis of combined gene expression and DNA accessibility data, measured in the same human

PBMCs using the 10x Genomics multiomic kit.
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Downstream Data Analysis — Multi-omics
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Zhang, D. et al. Spatial epigenome-transcriptome co-profiling of mammalian tissues. Nature 616, 113—122 (2023). Long, Y. et al.
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Deciphering spatial domains from spatial multi-omics with SpatialGlue. Biorxiv (2023).
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Downstream Data Analysis — Pseudo-time Analysis
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Zhang, D. et al. Spatial epigenome-transcriptome co-profiling of mammalian tissues. Nature 616, 113—122 (2023). Long, Y. et al.



‘ Science
o Transforming
. Health

ISB in collaboration with the NCA Cancer Systems
Biology Consortium and MC2 Center presents a
free virtual workshop

Thank you!



