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« Challenge for data reuse and sharing

1. Difficulty in finding data
2. Difficulty in downloading large datasets
3. Difficulty in analysing large-scale data

4. Difficulty in identifying high-quality data

 What are we doing?

- Specialized Databases (Manual curation, high-quality data)

- Computation platform (Online analysis, high performance)
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1. Background

j What is spatial transcriptomics

Spatia Single cell Bulk

Figures from 10X Visium company



1. Background

j Comparison
I

Stereo-seq: smallest spot size, largest field of view

Chip size

Spot size

Center-to-center

DBIiT-seq Slide-seq

Spot size (um) 10 0.5

Center-to-center

(um) 20 10 2 100 0.7

Field of view
(mm)

1.0x10 &30 5.7x24 6.5 X 0.5 120 x 120




1. Background

B Resolution

¢ Cell size: 3-30 pm

- Stereo-seq: .

0.5 um (Subcellular resolution)



1. Background
B Field of view

« Stereo-seq chips: ranging from 50 mm? to 174.24 cm?

174.24 cm?
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1. Background

§ Publication examples

Howsclntt r pngto Forthconing boos to Assassing th mpactsofcimats
hglll Solbers o p 102 cad s fal

NQ'I'U I'e Developmental

DISTANT R
MIRROR

) ¢ CelPress

2022.5.4 2022.9.2 2022.9.21 2022.5.5
Organogenesis The cellular and molecular A cellular hierarchy in
Spatiotemporal features of the uncouples Embryogenesis
Transcriptomic Atlas telencephalon during growth and metastasis Spatiotemporal
development and injury- Transcriptomic Atlas

induced regeneration.



2. STOmicsDB B STOmicsDB

) Spatial TranscriptOmics DataBase

- 'STO®micsDB Home Datasets Resources ¥ Collections Submission Analysis ¥ Help

Curated 200+ datasets

Spatial transcriptomic data exploration

STOMICS DataBase

Mg R A A i ° ° °
Spatial Transcript Omics DataBase (STOmics DB) is a comprehensive repository of literature and g ¥ : it s ' and V’sual’zat’on

Datasets related to spatial transcriptomics topics, and provides convenient tools for Data analysis,
search and visualization.

Customized collections/databases

Q search

5

@ 6,753 ol 218 @ 18 125 6,984

PUBLICATIONS DATASETS SPECIES Y TISSUES SAMPLES

db.cngb.org/stomics

I Common species

8 @7 & 2 &

; Macaca . ; Drosophila
Homo sapiens Mus musculus . . Danio rerio
fascicularis melanogaster
110 Datasets 107 Datasets 2 Datasets 4 Datasets 1 Datasets
2,636 Samples 4,074 Samples 87 Samples 27 Samples 5 Samples
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2. STOmicsDB

B Overview

B ST®micsDB

50,0004 download times

350,000+ page views
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2. STOmicsDB

B ST®micsDB

B Structure

Application

Tool

Data

\_

4 N\ )
Data exploration, _
Online analysis, R Collections _
. > (MOSTA: mouse Organogenesis;
Data arChlve' MBA: monkey brain atlas
Data download etc.)
- J T \_ ,
4 )
Dataset comparison Integrative analysis
g J
4 )

J
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2. STOmicsDB
i Data

« Collected (218 datasets so far)
- from NCBI, EBI, DDBJ, etc.

- from papers

- from submission

« Curated
- display general information of each dataset
(summary, overall design, species, cell types,

development stage, sample number, section number, etc)

B ST®micsDB

218 Datasets
Arabidopsis Other

Human
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2. STOmicsDB B STOmicsDB

§ Data archiving system

AAAAAAAAA99@: : ?A?

-
Metadata |I~ Metadata & Image |I~ Fastq

€ Ssample @) Tissue Section €) Sequencing reads

!

Celll...CellN
0000000 0000000
0000000 0000000 Genel
o0 0000 o0 0000 Gene2| 2 ... 8
0000000 0000000
0000000 0000000 GeneN| 9 ... 6

.tsv/.h5ad/.gem -Il .tsv/.h5ad /.gem + .tsv/.h5ad /.gem

O cell annotation © Cell spatial position @) Gene expression data
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2. STOmicsDB

B ST®micsDB

§ Data archiving system

# STomics Sub

| sTomics submission

New submission Filter submission ID. project accession and title. Q

Submission ID Project Data access manner Status @ Release date @ Update date

sts0000025 STTO000013: Large field of view-spatially resolved transcript... Public L' 20220131 @ 2022-01-06
sts0000024 STT0000012: Large field of view-spatially resolved transaript... Public v 20220131 @& 2022-01-06
sts0000023 STT0000011: Spatiotemporal transcriptomic atlas of mouse ... Public v 20220131 @ 2022-01-06
sts0000020 STTO000010: test Public b 20221210 @ 2021-12-30

Showing 1 to 4 of 4 resultis),

Submitter

Licenses :
Public Domian (NCBI/EBI/...),

Project Commom Creative and others
|
v v
Sample Sample
A I
Tissue Section Tissue Section Tissue Section
A1 A2 B
Experiment & RUN
A1
Analysis Analysis Analysis
A1 A2 B
/@ Datasets & Collections
Visualization Discovery Knowledge




2. STOmicsDB B STOmicsDB

§ Visualization
a Independent public datasets

I A cellular resolution spatial transcriptomic landscape of the postnatal mouse brain

#1 Researchers have different filter criteria and

Dataset ID: STDS0000139 120,000 Spots 27,330 Genes
e nomenclature for data quality.
Summary Explere Data
Sections: I stomics/MouseBrain_P7_section1_binS0.h5ad A4 #2 lefe rent art|C|es haVe dlffe rent IeVeIS Of
= 62968cells (i) STDS0000139_MouseBrain_P7_section1_binS0 CLUSTERING  HEATMAP  DOTPLOTS  VIOLN ) cell annotation.
Options ACQCLda P annotation ~
WAOV =
Clustering - 1,094 =
spatial .Sl\iod = o .
- Standardized Analysis
.g:\lua =
Cell Metadata - 277 =
— o = #1 Normalize and logarithmize the gene expression
|—Mark:'ger\e _— WCbwM —
— data.
annotation (rank_genes_an... S::(eqr =
All = . .
AoV T = #2 Conduct principal component analysis (PCA).
Blogg, coXpu — . .
- g B #3 Calculate the neighborhood map with PCA results
CbN .r:::e-rvacl —
CbhwMm 2,056 =
m —
—_— 60 =
L3 —
239 -
Ld
= @ Consistently comparable datasets
HLAR =

#1 Standardized data quality control and cell grouping.

#2 Standardized named subcell type annotations.
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2. Introduction

B Visualization

B ST@micsDB
https://db.cngb.org/stomics/, then search ‘MOSTA’ in the search bar

I MOSTA: Mouse Organogenesis Spatiotemporal Transcriptomic Atlas

Datase t ID: STDS0000058 PMID: 35512705

Summar y Explore Data Analysis results

Sections: Mouse_embryo_all_stage.hSad hd SWitCh tO the

. = 520815cells (i) STDS0000058_Mouse_embryo_all_stage CLUSTERING I TTTTTTTTTTTTTT S VIOLIN I )/ CO m pa r'l So n Of t h e
Select different sample /

Select the gene of interest

AQUIdA D . annotaton ~ gene expression

. W Adipose tissue -
Clustering ¥ 7916 -
W Adrenal gland —_ rr] d I
spatial 345 = 0 u e
WAGM —
Gen I 452 =
W Blood vessel | —
Cell Metadat 4623 -
W Bone =
annotation 3,400 -
[l Brain p—
Marker g - 86,520 -
fﬂ W Branchial arch =
View ({1 b 140
i@ ] W Cartilag o
Marker Size \" __/ 13,903 =
default v i W Cartilage primordium e
18818 = C I I
o I N e
[ 56,538 -
.
W Choroid plexus - t t
i = annotation
W Connec! tive tissue —
—_— 48,462 =
W Dermomyotom =
3,239 -
W Dorsal root gangl o
7,487 -
W Epidermi i
LYETS b=

+:998 @5’%
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2. STOmicsDB

) Gene search

*Species Tissue

All species ¥

Q Select species & gene

Show the spatial map of corresponding gene among different sections of

different dataset.
You can observe that

e multiple perspectives
e different development stages
e different cancer types

¢ different tissues, normal and diseased

RUN DEMO >>

*Gene

hé Input a gene

33982 : .

Mus musculus  Liver
STDS0000059_all_stage_stereo-seq.hSad

Mus musculus Embryo
STDS0000058_Mouse_embryo_all_stage.hSad

Mus musculus  Embryo
STDS0000058_E16.5_E153_cell_bin.hSad

i Ly A .
¢ “- < :
| [P ] &S ; 1
a.‘"l ‘i: :'("..« P ’
":”'. Lo 3
7 4 S d
® ':\.. .

:

Mus musculus  Embryo
STDS0000058_E14.5_E154.MOSTA.hSad

B ST®micsDB

6,000+

curated sample slides

This function shows the spatial

expression of a specific gene.

Allows users to search gene of
interest among all datasets, and
they can select the species or tissue

to narrow down the results.

Help users to efficiently find genes
with the spatial feature. We sort the
gene by the spatial pattern. Users
could easily find the dataset which
contains gene of interest with

specific spatial expression.
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2. Introduction

) Gene search

Select species

Select tissue

Type the gene

*Species Tissue

All species %

*Gene

v Input a gene

Q Select species & gene

Show the spatial map of corresponding gene among different sections of
different dataset.

@ You can observe that

e multiple perspectives
e different development stages
e different cancer types

e different tissues, normal and diseased

RUN DEMO >>

Mus musculusEmbryo
STDS0000058_Mouse_embryo_all_stage.hSad

X

Mus musculus  Liver
STDS0000059_all_stage_stereo-seq.h5ad

-
.
& 3
< Yt 4
.
o

Mus musculusEmbryo

B ST®micsDB

https://db.cngb.org/stomics/analysis/gene_search

:

e
Z .
(8

"; P Y

4 AR

3 oL

At 24

Mus musculusEmbryo
STDS0000058_E14.5_E154.MOSTA.h5ad
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2. Introduction

j Dataset comparison

Select dataset

Select gene

| Compare

Compare spatial gene expression of two datasets from STOmicsDB.

B ST®micsDB

https://db.cngb.org/stomics/analysis/compare

~

Dataset: STDS0000058 MOSTA: Mouse Organogenesis Spatiotemporal Transcriptomic Atlas
Section: E12.5_E154.MOSTA.h5ad

Clustering: spatial

Gene:

Cell Metadata:  annotation

Dataset:

Section:

Clustering:

Gene:

Cell

Confirm

|

Apply selections

STDS0000058 MOSTA: Mouse Organogenesis Spatiotemporal Transcriptomic Atlas

E16.5_E151.MOSTA.h5ad

spatial

: annotation
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2. Introduction

) Collections

« Collaborated with 6 research groups so far

Welcome collaboration

Developmental

How scintists are helping to Forthcoming books to
bring allen soldiers home ». 1032 read thisfll . 1035

clence
/

DISTANT

1brain

ROR

d

¥ sT@micsDB

MOSTA

Mouse Organogenesis Spatiotemporal Transcriptomic Atlas

* 300,000+ bins

ACSTA

Arabidopsis Cell-type-specific Spatiotemporal Transcriptomic Atlas

® 26 Samples
* 13,950 Cells

Home

Collection entry

Resources ¥ Datasets Collections

ZESTA

Zebrafish Embryogenesis Spatiotemporal Transcriptomic Atlas

© 152,977 bin15
91 Section
* 86,307 Cells

MBA

Macaque Brain Atlas

¢ 358,237 Cells

Submission

B ST®micsDB

https://db.cngb.org/stomics/collections

Analysis ¥ Help Q # wangweiwen* xEx v

Flysta3D

High-resolution 3D spatiotemporal transcriptomic maps of developing Drosophila
embryos and larvae

* 90 Section
o 5 Samples

ARTISTA

Axolotl Regenerative Telencephalon Interpretation via Spatiotemporal Transcriptomic
Atlas

* 36 Samples
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2. STOmicsDB B STOmicsDB

) Collections

e Customizable visualization

Spatial & SCRNA-seq Clustering Spatial Dev. Trajectories

spatially Resolved Developmental Trajectories:  Central Nervous System Branch v

Spotlight ~ Module

Branch: Central Nervous System e s, sews ke ;’“""‘
Spotlight \ Conta v Sysm
o Arer vt o Py
Late Blasiodee Promenpve Ectodem »
e et o — e Conta Nervos System
& =i
i .
g Ecoter Neurs Pl )
Neural Keel Newwai Rod Pyt
*
'\ .Max
Mo Pt "
R 025mm
L LT )
TN
Gene Symbol ‘
id1 I ¥
\ W 1
fer2b I N
h313b.1 I
aisla I (% i&F
s

Development Trajectory of Zebrafish 3D model of Drosophila
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) Codeplot: a platform for code-free analyses

O’DDEPL@ Home My workspace

Encrypted for security
Code-free analysis

This is a reliable and flexible computing platform. Users
can do automatic bioinformatics analysis without
programming background. At the same time, block chain,
multi-party secure computing and other cutting-edge
technaologies are employed to ensure the security of
users' data.

START >> TOUR >>

Blockchain Help

Secure computing
environment

Multi-level authority control,

data storage & transmission

encryption, blockchain and

secure multi-party
computing are used to
ensure the security of
platform datasets and
analysis.

More

- - 'S

« p» What services we
could provide

Personalized Freely accessible
workspace datasets

Building computing sandbox High-quality and well
in workspace, users can curated datasets collects
collaborate with researchers datasets covering fields of
or team members in plants, animals,
different regions by sharing microorganisms and

space. diseases.

Il
U

Open community
supported workflows

This platform provides a
highly efficient and human
readable WDL based
developing environment to
build bioinformatic
workflows.

More
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- Function

Datasets

/

WDL

® Zero-code | streamline batch analysis

Based on standardized WDL language

Customize tuning parameters

\
Notebook

o
o’

® Low-code | costume analysis with notebook

The Jupyter notebook is deployed to provide
Python, R and other packages
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N Datasets

A B / $IEEE / The Cycas genome and the early evolution of seed plants

« Curated datasets (21 datasets so far)

| The Cycas genome and the early evolution of seed plants

The cycad genome project is an integration of genomic data of cycads and other related seed plants, including the raw sequencing data, assembly and annotation.

« Ensemble plant datasets (96 plant genomes) P —
- COVID-19 datasets (~10 million seqs) | = R

1. Backgroud

« Single-cell datasets ( 21 species)

Cycads are long-lived, woody and dioecious gymnosperms that develop cones and reproduced by seeds characterized by their frond like leaves. Today,
they compose one of the largest lineages of gymnosperms comprising ca. 360 living species (http:/www.cycadlist.org) that widely distributed across

tropical and subtropical regions. As cycads are among the most ancient lineages of living seed plants, the cycad genome project provides great resources
for a better understanding of the origin and early evolution of seed plants.

Cycad genome database
The cycad genome database is an integration of genomic data of cycads and other related seed plants, including the raw sequencing data, assembly and
annotation. Assemblies are from cycad genomes, female and male specific regions of cycad genomes, and transcriptomes of cycads and other

gymnosperm species. The annotations included repeat, gene, and functional annotation of the cycad genome, as well as open reading frame predictions

 User-own datasets

2. Data description

2.1 Genome

A Cycas panzhihuaensis genome was assembled and polished by modified softwares NextDenovo and NextPolish. After conjunction with Hi-C chromosome conformation, the C.
panzhihuaensis genome comprises 10.5 Gb in 5,123 contigs (NS0 = 12 Mb), with 95.3% of the assembled contigs anchored to the largest 11 pseudomolecules, corresponding to the 11
chromosomes (n = 11) of the C. panzhihuaensis karyotype.

 Publication support
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j WDL: enter and get results

« 30+ WDLs
« Spatial transcriptomics analysis
« Single-cell analysis
« GWAS
« Others

o Self-defined WDL

https://db.cngb.org/codeplot/

Select the WDL

28



- Notebook

« Cell block
- Data visualization

* Interactive analysis

https://db.cngb.org/codeplot/

Z File Edt View Run Kemel Tabs Settings Help

-t L B c B+ X0 0 » = C Markdown ~ Python3 O
m / notebooks /
Name - O .
o In Depth: Linear Regression
™ images Just as naive Bayes in In Depth: Naive B: tion) is a good starting point for classification tasks, linear regression models are a good starting point for
* W Altairipynb regression tasks. Such models are popular because they can be fit very quickly, and are very interpretable. You are probably familiar with the simplest form of a linear regression model
 Cop.ipynb. (ie., fitting a straight line to data) but such models can be extended behavior.
Ao ostaipynb
e Inthis section we will start with a auik intuitive the this before seeing how on to see how linear models can be
o et g account for
o sula.pynb |
Webeginw = Fle Edt View Run Kemel Tabs Settings Help
*.m L o
* & Lorenzipynb @ Launcher " iripynt " liew
o = i— @ Louncn x = Atairipynb o oupuv X
lorenz.py. color="#137626">pyt</font>hon
< Ripynb import not<fant A Notebook Seattl Woather: 20122015
D untitled.dio inport il @) color="#137626">e</font>booke/hl>
D untitledi.dio H
O untitedzdio Simple @  Sice e e H < ]
D untitieda.dio b £ (oo
wi £ R o
untited.dio Pythona cortt coute oo :
D X cawnocomert romat i B
D uniteds.dio k. = 2
D uniteds.dio o ° H
Advanced Tools. N o0 ﬂ Q i
® cotversars iat1o | pseetss " et
O (Pythe
P
o |
Consale i —
Notebook Metadata 1
- . - -
hernetspects ¢ e o % o o me mo W s e 4o mo o o w0 w0 7w
e et “python 3+, Number o Records
""language “python, Buthana, Caan Lasin Cas12
nane python3 1% Julia.ipynb x % Lorenz.ipynb. . 1% Ripynb x
“language_info": { B+ X O O » w C Markdown v Juial @ + X [ ) » @ C Markdown v Python3 C B + X O [ » = C Markdown ~
. de
Julia python notebook R
fite_extension*s
“ninetypens "text
i using roatasets, Gadly 99plot (datamiris, aes(x=sepal.Len
nbconvert. exparter’ Plot(dataset ("datasets™, "iris"), x="Se
wpython = Amatplotb inline
pygments_texer: from ipywidgets import interactive, fixed
“ipython3", : i .
B reionts "3.6.7% We explore the Lorenz system of differential N
; equations:
fatse, § .
i o -2 1
0B 7 & Python3lide “toc-shownarkdowntxt": true L i i
: i=—prtay :
“u R Let's change (a, 6, p) with ipywidgets and
examine th trajectores
eigen(x) from lorenz import solve_lorenz o
head(iris)

0 B 6 @ Python3|ide

Eigen{Conplex{Fl0at6a}, Conplex{F loat
64}, Array{Conplex{Float64}, 2}, Array{Co
nplex{Floatsa}, 1)}
es:
10-clenent Array{Conplex(Float64}, 1}:
4.793881566545466 + 0.01n
-0,94859895 35995898, + 2.0,

w = interactive(solve_lorenz,signa=(6

Toatslider (valu
=10.0, description='signa’, nax=50.0), Flo
tSLider (value-2. 66666666666

interactive(childre

Sepal.Longth SepalWidth Petal.Length
51 35 14
a9 30 14

Command ® Ln1,Col1 Lorenzipynb
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Summary

B ST®OmicsDB

 Visualization
« Data archive
« Collection

CoDEPLOT . -

« Codeplot is a reliable, flexible computing platform for
bioinformatic analyses, which could facilitate biological data
sharing and analysis.
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