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Curriculum Vitae

Speaker Name: Dr. Jeongbin Park

» Personal Info

Name Jeongbin Park
Title Assistant Professor
Affiliation Pusan National University

P Contact Information

Address Room# 411, Kyung-Ahm Engineering Bldg.,
Busandaehak-ro 49, Mulgeum-eup, Yangsan-si,
Gyeongsangnam-do, Republic of Korea

Email jeongbin.park@pusan.ac.kr

Phone Number  051-510-8597

Research Interest

Translational bioinformatics, Machine learning and computational genomics

Educational Experience

2012 B. Sc. in Physics, Pusan National University, Korea
2014 M. Sc. in Physics, Seoul National University, Korea
2020 Dr. rer. nat. in Bioscience, Heidelberg University, Germany

Professional Experience

2018-2020 Researcher, Berlin Institute of Health (BIH) at Charite, Germany
2020-2022 Postdoctoral Researcher, German Cancer Research Center (DKFZ), Germany
2022- Assistant Professor, Pusan National University, Korea

Selected Publications (5 maximum)

1. Jeongbin Park, et al, Cell segmentation-free inference of cell types from in situ transcriptomics
data, Nature Communications 12, 3545, 2021

2. Sang-Tae Kim#, Jeongbin Park#, et al. Response to “Unexpected mutations after CRISPR-Cas9
editing in vivo", Nature Methods 15 (4), 239-240, 2018

3. Jeongbin Park, et al., Digenome-seq web tool for profiling CRISPR specificity, Nature Methods
14 (6), 548-549, 2017

4. Jeongbin Park, Sangsu Bae, Jin-Soo Kim, Cas-Designer: a web-based tool for choice of
CRISPR-Cas9 target sites, Bioinformatics 31 (24), 4014-4016, 2015

5. Sangsu Bae#, Jeongbin Park#, Jin-Soo Kim, Cas-OFFinder: a fast and versatile algorithm that
searches for potential off-target sites of Cas9 RNA-guided endonucleases, Bioinformatics, 30
(10), 1473-1475, 2014



Overview

Chapter 1. Spatial Transcriptomics Overview & Methods

Chapter 2. Spatial Transcriptomics Data Analysis w/ SSAM




Chapter 1.
Spatial Transcriptomics Overview & Methods

Cell types

*What is cell type?
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Astrocytes

Oligodendrocytes Neurons

Celi type images from Wikimedia common

* Cells with different shapes and functions
— Cells having different gene expressions profiles
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Overview

Bulk sequencing

Bulk Input

‘All cells are averaged

Single-cell omics (2015 &)
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Single-cell sequencing
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Microfluidics-based
single cell barcoding

Difference between cells revealed

Single-cell omics

& OTAI= S o1 Dl et

. 3
o -
oo..b.q 8 R ®
coat [y &
« 2 ANIES 2t2] X0l =0l Jbs
« AU ZHAAAIES0| A

Gt
. . :
ATLAS HCAIOrganoid °. e
S NEE U= ZZHE]

R L] Narnairy 2020 Vol 1T Mo ¥

METHOD OF THE YEAR 2019

Localization microscopy twice as precise
Acryo-EM-based

Time-resolved crystallography at the European XFEL

Mww*mmaw-m




Single-cell omics

Scverse

+ https://scverse.org/
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Single-cell omics

Steering Council

The Steering Council (SC) consists of a fixed number of core team members who have
additional responsibilities to ensure the smoath running of the project.

Danlla Bredikhin  Lukas Heumos  lzaac Virshup

« Scverse

Management Committee

Management Committee is committed to supporting scverse and is directly involved in
investing in its progress.

A

< SN A

1
el

=
Al
4
i
1J
[0
olo

Francesca Finolello  Ofiver Stegle.  Fabian Theis  Alex Wall  Nir Yosef

« https://scverse.org/

Advisory Committee

Advisory Committee helps to shape the overall vision for scverse and to define its priorities.

Bonnle Berger Dana Pe'er  Aviv Regev  Sarah Telchmann
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HUMAN

CELL
ATLAS

Human Cell Atlas

S MEZSHHONAMN JIE 2 =22
Aviv Regev, Sarah Teichmann & MIAHI&
https://www.humancellatlas.org/learn-more/governance/
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Spatial Omics

* SpaceTx ZA ALY
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* https://spacetx.qithub.io/

«  Our group: Final Analysis / Paper Writing &
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Spatial Omics

Team
P \ " y
* Spverse % a -
Prof Oliver Stegle Prof Moritz Gerstung Elyas Heidari
Supervisor Superyisor Qwganizing Committes
) RS = I A =) .
L DB B EAED RS ‘e ve vine

+ https://spatialomics.github.io/

Mostafa Shahhosseini
Organizing Committee
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https://spacetx.github.io/
https://spatialomics.github.io/

Spatial Omics

Hackathon Schedule

Day 1
Wednesday, July 19th, 2023

Brainstorming

e S pverse o
13:45 - 14:00: Openning Talk: Elyas Heidari
14:00 - 14:45: Openning Talk: Dr. Oliver Stegle and Dr. Moritz Gerstung

15:00 - 15:30: Luea Marconato, Status Quo of Spatiallata framework for standadization of spatial
data types and analysis

I 15:30 - 16:00: Jeongbin Park, Status Quo of S5aM for cegmentation-free cpatial annotation I

16:00 - 16:15: Break
16:15 - 17:00: Louis Kuemmerle, Status Cluo of TXsim, best practices of QC and panel design

17:00 - 17:30: Florian Wuennemann, Status Quo of MCMICRO for preprocessing, quality control
and workflow automation

17:30 - 18:00: Vitalii Kleshchevnikow, Cell-cell communication

18:00 - 18:30: Artem Shmatko, Diffusion models for digital histopathalogy and ideas towards
integration of histapathology and transcriptomics

18:30 - 18:45: Break

18:45 - 19:30: Conclusion, Brain Storming and Team building » > Session Leaders

15

Single Cell & Spatial Omics Korea (SCSOK)

L]
1%T SEMIANNUAL WORKSHOP 11§

Single Cell- ang
Spatial Genomics

Date: 12:00 (KST), 3™ - 4™, January, 2023

‘Venue: Auditorium (S236), IBS Science Culture Center,
Expo-ro 55, Yuseong-gu, Daejeon, Kore

Zoom: |d > 812 7464 0930 ~—4 &
pw > 2023CGE

Singlecell / Spatial Transcrintomics Workshop
L Center for Genome Engingering

Day 1 (3, January) 4 ; 3rd — 5th, January, 2023 1BS Science Cullure Center 2F
12:00- 13:15 :m"sa:t “'ﬁ 3 e
Session | 13:15-14:00  Chang Ho Sohn (YSU)

14:00-14:45  Jong-Eun Park (KAIST)

14:45-15:30 1%
15:30- 1550
15:50 - 16:35
16:35.17:20
17:20 - 18:05

Seky
Ik Soo Kim (GMU).

Day 2 (4 January) e
i 08:45-10:00  Junil Kim (SSU) o ik el
Session lll 10:00-10:45  Stephen Preibisch (HHMI Janelia)
H 10:45-11:30  Jong Kyoung Kim (POSTECH)
11:30-12:30  Lunch Break

12:30-13:45  Jihwan Park (GIST)
Session IV 13:15- 1400 Jinwook Choi (GIST)

14:00-14:30  Closing Remarks

" Contact us: Heetak Lee, loshasiak@s ro ks CENTER
Bon-Kyoung Koo, koobki@ika.1e kr GENOME|
M ENGINEERING

16



https://spatialomics.github.io/
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Day 1
(22nd, January)

Day2
(23rd, January)

contnsl
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SINGLE-CELL
SPATIAL OMICS
WORKSHOP ﬁ

22nd - 23rd, January 2024 il

Jitwan Park (GIST)
Byungjin Hwang (Yensei Univ)
Jong Kyoung Kim (POSTECH)
Jong-Eun Park (KAIST)

Hoon Seok Kim (Hanyang Univ)
Lars E. Borm (KU Leuven

Fabian J. Theis (Helmholtz Munich)

Brian Long (Allen Institute)
Yun (Renee) Zhang (JCVI)
Dong-Sung Lee (Univ. of Seoul)
Hong Yoon Choi (SNU Hospital)
Ghang Ho Sohn (Yonsei Univ.)
Hyobin Jeong (Hanyang Univ.)
Hyun Kim (185)

Vitali Kloshchavnikov (Sanger)

JE-‘E:? NRE) ===

N

Single Cell & Spatial Omics Korea (SCSOK)
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FISH-Based

1. Sequential RNA FISH

osmFISH

RNAScope

2.  Combinatorial FISH

MERFISH

(MERSCOPE)

seqFISH+

1.

Spatial Transcriptomics Methods

ISS-based

In Situ Sequencing (ISS)
Xenium (FISSEQ + ISS)
STARmap

ExSeq

NGS-based

1. Visium
(formerly Spatial
Transcriptomics)
2. STomics (Stereo-seq)
3. Pixel-seq

4. Seq-Scope

18




Spatial Transcriptomics Methods

Sequential FISH-based Methods

osmFISH and RNAScope

osmFISH

Brief Communication | Published: 30 October 2018

Spatial organization of the somatosensory cortex
revealed by osmFISH

Simone Codeluppi &, Lars E. Borm, Amit Zeisel, Gioele La Manno, Josina A. van Lunteren, Camilla I.

Svensson & Sten Linnarsson

Nature Methods 15, 932-935 (2018) | Cite this article

17k Accesses | 227 Citations | 123 Altmetric | Metrics

-10 -



osmFISH

Composite Cell type map
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osmFISH

Script

Pump

Heat exchange

TISSUE
OBJECTIVE
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RNAScope
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Products Services Areas of Research Technology Support Partners Diagnostics Image Calendar
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Leader in RNA ISH Technology for S[gati'a! Gene Expression .

RNAscope™ ISH is a pioneering multiplex fluorescent and chromogenic'in situ kybridizationl teghnelogy.
ACD's patented probe design amplifies target-specific signals, in situ, enabling detection and
quantification of the single RNA molecule providing spatial gene expression results. »
] : 3

RNAScope
Preamplifier
Ta rQEt:‘PFObES J J Amplifier
22 — 0 Label
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Step 1 Step 2 Step 3

-12 -



Spatial Transcriptomics Methods

Combinatorial FISH-based Methods

MERFISH (MERSCOPE) and seqFISH+

MERFISH (MERSCOPE)

f ¥ in o %

o] RESEARCH ARTICLE

Spatially resolved, highly multiplexed RNA profiling in
single cells

KOK HAQ CHEN, ALISTAIR N. BOETTIGER, JEFFREY R. MOFFITT, SIYUAN WANG, AND XIAOWEI ZHUANG  Authors Info & Affiliations

SCIENCE - 9 Apr2015 - Vol 348, Issue 6233 - DOL: 10.1126/science.aaa6090

2=
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MERFISH (MERSCOPE)

Image 1 Image 2
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SeqFISH+

Letter | Published: 25 March 2019

Transcriptome-scale super-resolved imaging in tissues
by RNA seqFISH+

Chee-Huat Linus Eng, Michael Lawson, Qian Zhu, Ruben Dries, Noushin Koulena, Yodai Takei, Jina Yun,

Christopher Cronin, Christoph Karp, Guo-Cheng Yuan & Long Cai

Nature 568, 235-239 (2019) | Cite this article

93k Accesses | 645 Citations | 293 Altmetric | Metrics

28
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SeqFISH+
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Spatial Transcriptomics Methods

ISS-based Methods

In Situ Sequencing (ISS), FISSEQ, Xenium, etc.

30
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In Situ Sequencing (ISS)

Published: 14 July 2013

Insitu sequencing for RNA analysis in preserved tissue
and cells

Ronggin Ke, Marco Mignardi, Alexandra Pacureanu, Jessica Svedlund, Johan Botling, Carolina Wahlby

& Mats Nilsson

Nature Methods 10, 857-860 (2013) | Cite this article

42k Accesses | 419 Citations | 84 Altmetric | Metrics
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In Situ Sequencing (ISS)

Readout Detection Probes

\Z?ETTb m Cyce oy
e .—-l"—"--_*-.:? Bridge. :.'-' =
! @"J ’ _'0
T, S
= Free

e RCP 1 ... ()| Gene X
H - RCPZI@@@® ()|GeneY
RCP3 @@ ~ ()|GeneZ

RC.F' n 000 O Ger‘mn

Gyllborg et al, Nucleic Acids Research (2020)

32
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- e
Fluorescent in situ sequencing (FISSEQ)
@&  REPORT f ¥ in © @& X

Highly Multiplexed Subcellular RNA Sequencing in Situ

JE HYUK LEE , EVAN R. DAUGHARTHY, JONATHAN SCHEIMAN, REZA KALHOR, JOYCE L. YANG, THOMAS C. FERRANTE, RICHARD TERRY, SAUVEUR S. F. JEANTY, CHAO LI,

RYOJI AMAMOTO, DEREK T. PETERS, BRIAN M. TURCZYK, ADAM H. MARBLESTONE, SAMUEL A. INVERSO, AMY BERNARD, PRASHANT MALI, XAVIER RIOS, JOHN AACH, AND

GEORGE M. CHURCH fewer = Authors Info & Affiliations

10X Xenium

1 O A gEwoMIcs Products Area of Interest Resources Support Company Careers 2 Search

Xenium In Situ

High-performance
in situ from the
single cell leader

SRS

-17 -




10X Xenium

10x Genomics to Acquire ReadCoor for
$350M, Cartana for $41.2M

Oct 05, 2020 | staff reporter .:

This story has been updated to include the Cartana acquisition price.

NEW YORK - 10x Genomics announced Monday that it will acquire two firms involved in developing
in situ analysis technologies: ReadCoor and Cartana.

10x has entered into a definitive agreement to buy Boston-based ReadCoor, a spinout from George
Church's laboratory at Harvard Medical School and the Wyss Institute, for $350 million in cash and
stock. ReadCoor launched its RC2 spatial multiomics platform, based on fluorescent in sifu
sequencing technology, in February at the Advances in Genome Biology and Technology conference.
10x said it expects the deal to close by the end of the month, pending ReadCoor shareholder
approval. Goldman Sachs is acting as financial advisor to ReadCoor.

10x also revealed it acquired Stockholm-based Cartana, developers of in situ RNA analysis
technology, in late August for $41.2 million. Other details of that transaction were not disclosed.

ttps://www.genomeweb.com/sequencing/10x-genomics-acquire-readcoor-350m-cartana-412m

10X Xenium = ISS + FISSEQ

h

35

StarMAP

&  RESEARCH ARTICLE f ¥ in & % =

Three-dimensional intact-tissue sequencing of single-
cell transcriptional states

XIAO WANG @ , WILLIAM E. ALLEN , MATTHEW A. WRIGHT @ ,EMILY L. SYLWESTRAK, NIKOLAY SAMUSIK @ SAM VESUNA, KATHRYN EVANS ,CINDY LIU ,

CHARU RAMAKRISHNAN , JIALIY @, GARRY P. NOLAN @ . FELICE-ALESSIO BAVA @ AND KARL DEISSEROTH fewer Authors Info & Affiliations

36
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StarMAP

Intact tissue Targeted in situ RNA sequencing approach
SNAIL probes Hydrogel-tissue chemistry
DNA _ o DNA-gel

Barcodes  amplicons
o

Amplify iy

3D sequencing - MRNA =
in the gel SEDAL sequencing with error-reduction ~ >1000 genes mapped over
AANNN, six cycles
color senes

200000
200998 | ACGTT 2

eee0006 | cTacT| 1

= ‘sgndd
Single-cell %=
h|analyses of gene Weo&
expression ®ea®
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ExSeq

&  RESEARCH ARTICLE f ¥V in & & =

Expansion sequencing: Spatially precise in situ tran-
scriptomics in intact biological systems

SHAHAR ALON @.DANJEL R GOODWIN {ﬁ; . ANUBHAV SINHA @ . ASMAMAW T. WASSIE, FEI CHEN, EVAN R. DAUGHARTHY @ YOSUKE BANDO @ , ATSUSHI KAJITA,

ANDREW G. XUE .KARL MARRETT, ROBERT PRIOR ‘L?} Yl cul @ . ANDREW C. PAYNE ﬁ‘;}‘CHUN-CHEN YAO, HO-JUN SUK, RU WANG, CHIH-CHIEH (JAY) YU @

PAUL TILLBERG ({5, PAUL REGINATO {f3), NIKITA PAK @ SONGLEI LIU @ SUKANYA PUNTHAMBAKER {E} ESWARP R.IYER @,R\CHIE E. KOHMAN {5),

L -

JEREMY A. MILLER @ EDS. LEIN %" , ANA LAKO QZ} NICOLE CULLEN, SCOTT RODIG, KARLA HELVIE, DANIEL L. ABRAVANEL . NIKHIL WAGLE @ BRUCE E. JOHNSON,

JOHANNA KLUGHAMMER @ MICHAL SLYPER @ JULIA WALDMAN @,JUDIT JANE-VALBUENA 'fi;“ ORIT ROZENBLATT-ROSEN @‘.AVN REGEV @

IMAXT CONSORTIUM, GEORGE M. CHURCH @ , ADAM H. MARBLESTONE, AND EDWARD S. BOYDEN ) fewer = Authors Info & Affiliations

38
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In situ sequencing
cee..

Ex silu
sequencing
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Sequencing rounds
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Spatial Transcriptomics Methods

A g

NGS-based Methods

Visium, STOmics, Seq-Scope

40
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Visium Spatial Gene Expression

Map the whole
transcriptome within
the tissue context

atial Gene E

Visium Spatial Capture Area with Visium Gene
Gene Expression ~5000 Barcoded Expression Barcoded
Slide Spots Spots
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Partial Read 1

Poly(dT)
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STOmics (Stereo-seq)

RESOURCE | VOLUME 1 SUE 10, P1T77-1792.E21, MAY 12,2022 (ISRl el St RESIE

Spatiotemporal transcriptomic atlas of mouse
organogenesis using DNA nanoball-patterned arrays

Ao Chen 26 s Sha Liao 2% « Mengnan Cheng

26

» Kailong Ma 2% « Liang Wu 2 » Yiwei Lai 2% e Xiaojie Qiu 26
Jin Yang e Jiangshan Xu = Shijie Hao « Xin Wang = Huifang Lu = Xi Chen « Xing Liu « Xin Huang = Zhao Li =
Yan Hong e Yujia Jiang « Jian Peng » Shuai Liu » Mengzhe Shen = Chuanyu Liu » Quanshui Li » Yue Yuan =
Xiaoyu Wei = Huiwen Zheng « Weimin Feng « Zhifeng Wang = Yang Liu = Zhaohui Wang » Yunzhi Yang e

Haitao Xiang = Lei Han = Baoming Qin = Pengcheng Guo = Guangyao Lai » Pura Muioz-Canoves »

Patrick H. Maxwell = Jean Paul Thiery » Qing-Feng Wu = Fuxiang Zhao e Bichao Chen « Mei Li « Xi Dai »

Shuai Wang » Haoyan Kuang = Junhou Hui = Liqun Wang = Ji-Feng Fei » Ou Wang = Xiaofeng Wei »

Haorong Lu = Bo Wang = Shiping Liu = Ying Gu « Ming Ni » Wenwei Zhang = Feng Mu = Ye Yin =

Huanming Yang s Michael Lisby s Richard J. Comnall  Jan Mulder » Mathias Uhlén = Miguel A Esteban & e

Yuxiang Li & Elelonggiliu 2 BeXunXu & & e Jian Wang & =« Show less « Show fooinotes

.= Published: May 04, 2022 = DOI- https://doi org/10.1016/j cell 2022 04.003 =

STOmics (Stereo-seq)

A B

() DNE patterned chip [2] CID sequencing 5

Spot size

y S

-~

L 3]

Fapy & 5
Ghi o A
fona Oé\ & & &
2901118 nee [&] 2 pm 10 pm 100 ym
(°y  Library construction % Spatially resolved 200 3k — T
8 = & sequencing " transcriptomic profiling : 260k i
= = 150 o : 200k
SR =0 N 2 2k :
P e e Emo = . 150k .
— - £ . i : : 100k.
Z 50 - ! 50K
Y o) == 0 i O W
L3 A A T Rt g1 \S’%\EP% &u‘ﬂ‘ au)a:; _‘\Q’r";é\f /ﬁ\
E L P L
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Seq-Scope

RESOURCE | VOLUME EW LI R Ly R 1y a8 . Download Full Issue

Microscopic examination of spatial transcriptome using
Seq-Scope

Chun-Seok Cho * = Jingyue Xi * »Yichen Si » Sung-Rye Park = Jer-En Hsu « Myungjin Kim » Goo Jun e

Hyun Min Kang = Jun Hee Lee & ® = s Show less » Show fooinotes

* Published: June 10, 2021 = DOI: hitps://doi org/10.1016/).cell 2021 05 010 =

Seq-Scope

A Library Structure for 1#-Seq D Dral & F By
P7 TR1 HDMI HR1 OligodT Dral PS5 Cut hNaOH o ==
K Wash Q =E
B g
HOMI-2 & g%
HOMI-1 i z )

cluster s g

/ E

| Library Structure for zﬂ-Ssq‘
PS5 HDMI Oligo-dT F7

HOMI-3
cluster |

HDMI &
XY Coord,
of each
cluster are
‘| determined
by SBS
(1*-Seq)

wrl gL
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Methods Summary

FISH-Based ISS-based NGS-based

- Resolution - Resolution - Resolution
150 - 300nm - 0.5-1Tum - 0.22-100um
- Efficiency - Efficiency - Efficiency
- Sequential: ~100% - ISS:~5% - Visium: 6.9% or higher
- Combinatorial: 70 - 95% FISSEQ: ~0.005% - Seg-Scope: 2.8x ~ 15.6x of Visium
ExSeq: 62% (compared to FISH) - Stereo-Seq: 0.2x of Seq-Scope
- Number of genes
- Number of genes - Number of genes
10 - several hundreds
. 100 - 1,000 - Full transcriptome
- Spatial throughput ) .
- Spatial throughput - Spatial throughput
several mm?
several mm? - cm? - several cm?
47

Spatial Resolution of Visium

Visium Seq-Scope

F 3
=
R
i
35
1":',2 —
% 3
% =
# 3
B R R o 7 cells overlapping
£ HEEMARAERE RN ERL X XREREAT e diralosnot

v

When the spatial resolution is not sufficient to distinguish single cells (e.g., Visium),
you will need deconvolution methods (e.g., Cell2location, Tangram, etc.)
Read this benchmark result:
https://www.nature.com/articles/s41592-022-01481-8
48
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https://www.nature.com/articles/s41592-022-01481-8

Cell segmentation

[2 share

Feas o¥ | amvs s

Image

Transcripts

A &5t I A 3| (Cell Segmentation) J} IR S R!

“Baysor” can improve cell segmentation, read:
410xgenomics.com/cn/resources/analysis-guides/using-baysor-to-perform-xenium-cell-segmentation

Y

49

Xenium vs. MERSCOPE vs. CosMx SMI

Mew Results A Follow this preprint

Systematic benchmarking of imaging spatial transcriptomics platforms in FFPE
tissues

Huan Wang, Ruixu Huang, Jack Nelson, Ce Gao, Miles Tran, Anna Yeaton, Kristen Felt,
Kathleen L. Pfaff, Teri Bowman, Scott J. Rodig, Kevin Wei, Brittany A. Goods, & Samouil L. Farhi

doi: hitps://doi.org/10.1101/2023.12.07.570603

This article is a preprint and has not been ceriified by peer review [what does this mean?].

“Xenium and MERSCOPE provide more reliable true-positive signals of lowly expressed genes and
that Xenium’s overall performance is less dependent on sample input quality than the other two
platforms.”

“Overall, it appears that the out-of-the-box segmentation from Xenium performs poorly in terms of
drawing cell boundaries specific to a single cell, while MERSCOPE and CosMx much more closely
match cell boundaries.”

https://www.biorxiv.org/content/10.1101/2023.12.07.570603v2

Y
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https://www.10xgenomics.com/cn/resources/analysis-guides/using-baysor-to-perform-xenium-cell-segmentation
https://www.biorxiv.org/content/10.1101/2023.12.07.570603v2

Spatial Omics Data Analysis Workflow

Is the spatial resolution
good enough to capture

single cells?

Deconvolution & Cell-type mapping
(Cell2location, Tangram, etc.)

Cell segmentation-free methods Cell segmentation
(SSAM, etc.) (Watershed, Baysor, etc.)

Cell type mapping
(Cell2location, Tangram, etc.)

51

Chapter 2.
Spatial Transcriptomics Data Analysis w/ SSAM

52
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Spatial Transcriptomics

Poly-A image (all mRNAs)

53

Methods
- osmFISH
Scatter plot of mMRNAs
-  MERFISH (33 genes, colored by genes)
- seqFISH+

Poly-A image (all MRNAs)

54
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Spatial Transcriptomics

1. N2 ZH &I| (Segmentation)

2. B A 2t2] mRNA JH== Al J|

A

CHANMEZMALHE CIOIHS 22 HAaleZ

AI
X
N
ir

—
“»:;:—[:;

1. MIZS] A I| (Segmentation)

2. ZH 22 mRNA Ji == MIJ|

A

& ST ® e

Cell segments, colored by cell types

\ ﬁﬂ%\‘m
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Poly-Almage
(allmRNAS)

Cell segments
colored by cell types

N

« Segmentation O & Xl 23
« Segmentation= oAl & 1)

Ot

2HA0I A 2 cell-typeS

Al
1z
w

&= U= L E (SSAM)

He

Park et al. Nature Communications 12, 3545 (2021)

57

SHs E4YEe 2HE

N

« Segmentation O Xl %22

« Segmentation= GOtAl &1

0K

ZHA0I M 2l cell-typesS

A
x
w

= A= Y E (SSAM)

\J
-
nc

Park et al. Nature Communications 12, 3545 (2021)
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SSAM

A Step 1: Calculate spatial mRNA density B Step 2: Identify cell-type signatures

downsampled vectors embedding

gene 1

cell-type clusters

vector field

clusters

representative vectors

<—| Optional: Known signatures

cell-type signatures
_ mapped to vector field <«———— scRNAseq signatures

aaut ) <€ ion signatures
Step 3: Generate cell-type map D Step 4: Construct domain map
domain map

cell-type 2 cell-type n cell-type map domain 1
3 iy

& \
{domain 2

™~

T
i3

domain 4 domain 3

Kernel Density Estimation

«i B mRNA &0l 9IXIS HEO 808 B2 UES FH

mRNAJli==, K &= 1€, h = bandwidth Itct0IEl, x, = i 2 mRNA 2/ X

Q

rr
ne
H
z
ro

60




Kernel Density Estimation

140

61

Kernel Density Estimation

where

E;:expression of i —th gene
o, : estimated density of i —th gene
N ,;:number of mRNAs of i —th gene

62
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I
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3,380 x 2,080 = 7,030,400 vectors

500 0

L1 maxima
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SHAHE
Inhibitory neurons
- &
’ Ventricle Excitatory neurons
Immune F 4 »

|
i Oligo- "
| dendrocytes . *

@ |nhib. Kenip
® |nhib. Crhbp
@ Inhib. Cnr1

® [nhib. Rest

® |nhib. Pthlh

® |nhib. Vip

® Py Cpne5
e Py [2-3

stro. Aldoc
Astro. Gfap
@ Astro. Mfge8

® PYM
® Microglia

® C. Plexus
Ependymal

Pericytes
® Endothelial
® Endothelial 1
» VSM
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HIE Et & (Cell-type map) M4

L1-maxima vectors cluster centroids

clusters[ |

centroids = mean of vectors

-

genes

i
i

vector field

mapping centroids based on largest Pearson's correlation

' merging
all cell type maps
:‘.:; by LR D ——
~
i
cell type map cell type map cell type map
of centroid i of centroid j of centroid k of all centroids
. p-- i ";J':I
4 ot
HIZ EF 2 (Cell-type map)
SSAM de novo Codeluppi et al. SSAM

odelpp al

L S
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HII EFS 8 (Cell-type map) - Ventricle 7 X

DAPI PolyA ~ SSAM

Codeluppi et al

cell type map

ependymal and C. Plexus

67

e . ssam
oD coP v# B csmFISH
0D Mature 4

Endotheal v—‘

Common cefl types
¥
>
i
&

VSM VA
Inhib. Crhsp —4

Py. L34 ﬁd

0D MF *’
Py L2315 ﬁ‘

o o - ® ] o
= 4 ! = =1 -

1: osmFISH segmentation part

2: Parts overlap

3: SSAM cell-type map part ?

Correlation between
overiap and each part

68
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HIE EFY Y (Cell-type map) M A — Guided Mode

Known cell-type signatures

vector field

mapping centroids based on largest Pearson's correlation

From single-cell RNA-seq data

From segmentation-based analysis

<

i,
"’-\
s
cell type map cell type map cell type map
of centroid i of centroid j of centroid k

Known cell-type signatures

merging
all cell type maps

-

¥

B . )
cell type map
of all centroids

SSAM guided: segmentation

SSAM Guided-mode &4

SSAM guided: scRNA-seq

SSAM de novo
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# & In situ sequencing 00| & 24 (guided mode)

Gastroenterology 160(4) 1330-1344.E11, DOI: https://doi.org/10.1053/j.gastr0.2020.11.010

' ‘n["—'_""“*\: 4 /f"_"i\’_ ﬁ Window i Window |
R NN ARY NG =
N i . W[4 \ : :
R |
- g Y% 5
B | e .| p— J
EY 5| . o Tissue domain map
a7 "’F' T .'.?ﬁ
—" 'H&R N L Agglomerative \-hx‘.“ ."..
i ] f d. [\ a Clustering 'S "“.
- c! * g ¥ e 3
i N . h !ﬁb )
[ i & N N
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XA X (domain) 24

@ Pia + Layer 1
© Layer 2/3

© Layer 4

@® Layer 5

® Layer 6

@ White matter
@ Hippocampus
© Ventricle

@® ICCP
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AF AlAGHE A2 WXL 2 H (Preoptic area, MERFISH)

Preoptic region o M AIMOHSE Al ZTW XS
(preoptic area, POA)

L

*1.8mm x 1.8mm x 0.6mm

ol

* MERFISHZ 0[O0/ & & mRNA 3D ?I Xl

r

+ 135

ORA

QP
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1000 1000
800 800
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5
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Bl £ B Pl LY % B e 2
9 200 400 600 800 1000 1200 1400 1600 OON 200 400 600 800 1000 1200 1400 1600
1,790 x 1,790 x 9 = 28,836,900 vectors L1 maxima
(z=4 um)
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SSAM de novo (z=3um)
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3D MIE EFY S

WAL DT
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79

Allen multiplexed smFISH G| 0| &

«SpaceTx LA S Soli MAE OOl
« M AXAIZTIE (VISP)

» multiplexed smFISH (osmFISH2t HI =) J|8 22 22 2D mRNA € X

«22 8| REX
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HIE EFS 8 (cell-type map)

L4 1T Al E Ef 2| 22

®141T1
(L4 IT Rspo1)

®L41T2
(L4 IT Superficial)
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e SSAM &XI:

pip install git+https://github.com/pnucolab/ssam

e Google Colab0il i SSAM & Xl:

eta 0.00:00

s eta 0:00:00

eta 0:00:00

85

o OGN CIOIAH LHed& D]

e htips://s3.amazonaws.com/starfish.data.spacetx/spacetx-website/data/s
mFISH_Allen/s3_spot_table.csv

https://spacetx.qgithub.io/

86
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https://s3.amazonaws.com/starfish.data.spacetx/spacetx-website/data/smFISH_Allen/s3_spot_table.csv
https://spacetx.github.io/

o OGN OIOIH =127

Unnamed: 0 gene molecule_id confidence cell assignment_confidence rotated_ x  rotated_y

530778
530779
530780 Parm1

530781 Parml
530782 2 Parml

o OIXl CIOIEHE A0 Sl BHEot)|

530778 Parml
530779

530780 Parml

530781 Parml
530782 Parml
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Local Maxima
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e Cell type & gene expression 2 6t7J| (diagnostic plots)
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e Cell Segmentation 26t7| - Marker % J|
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HOIOIE LHeH &)

rol

e Guided modeE <

https://s3.amazonaws.com/starfish.data.spacetx/spacetx-website/data/s

[ ]
mFISH_Allen/s3 cell by gene.csv

https://spacetx.qgithub.io/

FOIOIEH =4 27]

rol

e Guided modeE <

Gad? Galntl4 Grinda Kcnipd
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gene_name

]

22 columns
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https://s3.amazonaws.com/starfish.data.spacetx/spacetx-website/data/smFISH_Allen/s3_cell_by_gene.csv
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g S

e ScanPyZ OI0IEH 24 6tD]| (Single-cell 24 S &2l
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e ScanPyZ HI0IEH 24 6tD]| (Single-cell =4 F&c2| & 1)
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e Centroid J| 2t Cell-type map 4 5t

== ¢|] . mean

Generat ing

e Centroid J| 2t Cell-type map 244 5t
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e Centroid J| Bt Cell-type map 244 5t|
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