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Bottleneck in multi-omics analysis
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Combination of 4D imaging and image
recognition

3D information of nuclei for every 20 sec

Onami et al, 2001; Hamahashi et al., 2005; Hamahashi et al., 2007.
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Collection of quantitative cell division dynamics data
for gene knockdown embryos

Single gene knockout for all 351 essential embryonic genes by RNAi
5 embryos / gene

Kyoda et al., 2013; Kyoda et al., in prep



1142 RNAi embryos
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Clustering of phenotypic expression
combined with GO enrichment analysis

421 phenotypic characters
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. Gene expression

. Cell cycle process

. Gene expression

. RNA processing

. RNA metabolic process

. Gene expression

. mRNA splicing, via splicecosome

. Establishment of organelle localization

. DNA biosynthetic process

. RNA splicing

. RNA processing

. RNA splicing

. Spindle organization

mRNA processing

Establishment of mitotic spindle orientation

. Cellular respiration
. Microtubule organizing center organization

. Microtubule cytoskeleton organization involved in mitosis
. Nucleus organization
. Generation of precursor metabolites and energy
. Chromosome segregation

. DNA replication

Chromosome organization

23 basic processes

Chromosome segregation
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Elucidation of the sequence of phenotype expression

4D

uantitative cell division data Correlation between phenotypic characters
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Phenotype expression network
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Phenotype expression network

node: phenotypic character ABa e ABal
edge: correlation
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Inference of genes involved in the phenotypic network

cause-and-effect
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17,129 gene functions were inferred
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Integrated model of C. elegans embryogenesis

Bridging biochemical network and phenotypic network.

Quantitative dynamics data
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CREST Team

Shuichi Onami, RIKEN Center for Biosystems Dynamics Research
Systems biology

* Measurement system

* Basic idea of new analysis method

* Database

Koji Kawakami, Department of Pharmacoepidemiology, Kyoto University
Applied statistics

e Generalized structural equation modeling

 LASSO and LASSO variants

KOji Koyamada, Academic Center for Computing and Media Studies, Kyoto University
Scientific visualization

* Edge concentration

* Empirical Dynamic Modeling

* Natural language processing



New measurement system

Nucleus Cell membrane




New data set of nuclear and cell shape dynamics

Nucleus

Cell membrane
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4D gene expression dynamics data

mcm-2 ::gfp

Y47D3A.29::9fp gfp::capg-2 gfp::T25G3.3 cyc-1::9fp







Developmental dynamics data

Ca?* dynamics upon fertilization Ca?* dynamics in embryo

Nuclear dynamics in embryo
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Visual data science and its applications to C.
elegans live imaging data

July 11, 2018
Kyoto University
Koji Koyamada




Visual data science

Overall visualization Causality Visualization

v Hypothesis forming

Research question
asking
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Causality exploration in the phenotypic network

node:  phenotypic character
edge: correlation
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Validating latent factors using
structural equation modeling (SEM)

Extracting special sub-stracturéw
of phenotypic character network
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Exploration of system states in time-series data

Empirical

Dynamic
X4 Modelling

Attractor
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Constructing a dynamic graph by using empirical dynamic
modeling

Enabling the identification and interpretation of system
states via dynamic graph visualization (“snapshot to point
approach”) and brush-link visualization.
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A Visual Analytics Approach for the Identification of
System States based on Empirical Dynamic Modeling

A

Empirical
Dynamic
Modelling

Hiroaki NATSUKAWA*, Ethan DEYLE**, Koji KOYAMADA*, George SUGIHARA**

*Kyoto University, Academic Center for Computing and Media Studies
**UC SanDiego, Scripps Institution of Oceanography
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Exploration of system states in time-series data

Empirical

Dynamic
X4 Modelling

Attractor
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Constructing a dynamic graph by using empirical dynamic
modeling

Enabling the identification and interpretation of system
states via dynamic graph visualization (“snapshot to point
approach”) and brush-link visualization.



Calcium dynamics in early cell division phase
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Quantitative biological dynamics data world-wide

(Bao et al., 2006) tKeller et al., 2010) (Kurotaki et al., 2007)
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SSBD Database

Data Search Image Search

Introduction of SSBD

- - o . . . . 0. 2017 inte i fl - h ' )
Systems Science of Biological Dynamics (SSBD) database provides a rich set of open resources for analyzing guantitative Jul. 10. 2¢ System maintenance notice (Date: July 10 (JST))
data and microscopy images of biological objects, such as single-molecule, cell, gene expression nuclei, etc. Quantitative SSBD will not be available on 10 July 2017 due to unscheduled
biological data and microscopy image are collected from a variety of species, sources and methods. These include data mainienance

obtained from both experiment and computational simulation. May. 20. 2017: SSBD API notice

SSBD REST API full service is now available
Samples

Microscopy images

OMERO: Images can be viewed on OMERO . .web. If you have
problem viewing the images on the website, please click on the
drop-down arrow on the right of 'public data’ on the bar above the
data tree, select 'Public' group and 'public data' to view the images
(click here for more details)

OMERO session ID: None

Calcium response and shape changes Nuclear division dynamics in C. ERK activity in rat kidney epithelial
in oocyte of C. elegans elegans wild-type embryo (NRK-52E) cells

Quantitative data




BDML: Biological Dynamics Markup Language

Unified format for representing quantitative biological dynamics data

 Unified way to represent spatial * From molecules to cells and
temporal information organisms
. Proliferation
@ (b (© (d (e Gene expression ‘ © _ef‘ °
o0 C. elegans urviva
X AOG@ N
G
£ | ==
e Based on XML g cell line C. elegans zebrafishﬁ C. elegans ﬁ:::_’_;;:
7] e e e 1 S B
— High extensibility § N B -
High readability - Molecules Nucleus Behavior:= 1}
o E. co
<data> R > C. elegans
<component> 3 : NUC|EUS &
<componentID>100</componentID> E .
<time>1</time> 7 microtubules
<measurement>
<objectRef>nucleus</objectRef> < )
<point> Molecules Cells Organisms
zx>10</x>
<y>30</y>
<z>18</z>
</xyz>
</point>
</measurement>
</component> Kyoda et al. Bioinformatics 2015




Biological dynamics data in

E. coli C. elegans C. elegans C. elegans C. elegans

(Arjunan & Tomita 2007) (Kimura & Onami 2005) (Tohsato et al., submitted) (Kyoda et al. 2013) (Bao et al. 2006)

D. melanogaster Zebrafish mouse C. elegans

(Keller et al. 2010) (Keller et al. 2008) (Bashar et al. 2012) (Cronin et al. 2005)

29

Tohsato et al., Bioinformatics, 2016



SSBD has started collecting/sharing microscopy images
that have not been image processed

. . . Mouse derived
Dictyostelium D. melanogaster M. musculus D. cf. damesi X. laevis Cultured cell iPS cell

|

(Tanaka and Fujita 2015)

(Watabe et al. 2015) (Kondo & ayashi 2013) (Susaki et al. 2014) (Inoue & Kondo 2016)

(Inomata et al. 2013) (Aoki et al. 2013)
Mouse Human derived Mouse derived Dog derived Hamster derived C. elegans
ES cell cultured cell cultured cell cultured cell cultured cell Nerve cell Cultured cell

(Ochiai et al. 2015) ' (Shirai etal. 2016) (Yonemura 2014) (Takai et al. 2015) (Matsuda et al. 2015) (Toyoshima et al. 2016) (Kunida et al. 2012)
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