SSBD: an integrated database of

guantitative data and miroscopy images of biological dynamics

Overview

SSBD aims to provide an IT platform for accelerating data-driven approach for understanding
biological phenomena as dynamical systems. We focus on quantitative data of spatiotemporal
dynamics generated from microscopy image with image analysis and computer simulation (Fig. 1).

Computer simulation

Microscopy image analysis

Formats of such data are different (Fig. 2).
Data and software tools are stored
separately all over the Internet.

Our solution:

Lower re-usablllty

SSBD database

http://ssbd.gbic.riken.jp/

SSBD is a open repository for quantitative data and their corresponding microscopy image.
It also includes software tools for visualization and analysis (Figs. 9 and 10).
OMERO is integrated into SSBD for managing and displaying microscopy images.
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Fig. 9: Overview of SSBD database

¢ BDML: Biological Dynamics Markup Language E. coli C. elegans
* SSBD: Systems Science of Biological Dynamics database Fig. 2: Problem s SSBD provides a wide variety of quantitative data (Figs.
. o . = 11 and 12, and Table 1). JavaScript 4D viewer is provided
BlOIOglcaI DynamICS Markup La nguage (BDML) g to visualize quantitative data through a web browser
n using WebGL technology.
BDML is a unified format for representing quantitative data of biological dynamics ranging from
molecules to organisms (Fig. 2; Kyoda et al., Bioinformatics, 2015). (Arjunan & Tomita 2010) (Kimura & Onami 2005)
The schema consists of five top-levels. C. elegans C. elegans  D. melanogaster Zebrafish C. elegans
1. Info: Information of the BDML file, e.g. license, release date, etc. -
: . n . . . c
2. Summary: Short summary of the numerical information of biological dynamics meta-data o)
3. Contact: Contact information of the author/owner/maintainer of the BDML files § /
4. Methods: Sources files and extraction protocols 2
5. Data: Description of numerical data ]
Data are represented in five different types of features, point, line, face, circle, and sphere (Fig. 3). (Kyodaetal. 2013)  (Baoetal.2006)  (Keller etal. 2010)  (Keller etal. 2008)  (Cronin etal. 2005)
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Fig. 11: Representative quantitative data and their visualization
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. Table 1: List of available resources in SSBD: I planned release, Clcurrently available
Fig. 3: Types of features.
Organism Dynamics Source Paper HBDML  #images 2500
For example, contours of nucleus in Z-sliced M. musculus nucleus exp. Bashar etal. 2012 1 2800 2000 | Planned release
images can be represented as a set of lines M. musculus expression exp. Masum?to etal. 2010 8 é 1500 W currently available
(Flg 43) Nucleus labeled with GFP is M. mustlulus nucleus e.xll :lv.lrutakv etl az\.oil;07 j 80 g
represented as a sphere (Fig. 4b). Pronucleus A ¥ e sim._ Hirata etal, 2 1000
d mi tubules are represented as a set of a zebrafish nucleus exp.  Keller et al. 2008 7 = 500
and microf “. p € D, nucleus exp. Keller et al. 2010 2 |
sphere and lines, respectively (Fig. 4c). 0. nucleus exp.__Supatto et al. 2009 1 0 | —
C. elegans nucleus exp. Kyoda etal. 2013 186  180x66x186 2013 2014
Fig. 4: Examples of visualization of various types of C. elegans nucleus exp.Baoetal. 2005 2 year
graphical representation of data for nuclei C elegans nucleus+microtubule _sim. _Kimura & Onami 2005 100 Fig. 12: Changes in the number
C. elegans behavior exp.  Cronin et al. 2005 11 £ BDML files
Coordinates values of contour of nuclei can be described in BDML file (Figs. 5 and 6). C. elegans nucleustembryo exp. _Tohsatoetal. 1331 o
77777777777777777777777777777777777777777 C. elegans nucleus exp.  Kyoda etal. 259 360x66x259
<data> e — Nucleus C elegans nucleus exp. Takayama et al. 12 4899
<scaleUnit> 4 Time Target C. elegans expression exp.  Sarovetal. 2012 273
<xScale>0.1</xScale> -«— —_— ° D. discoideumn _ molecule exp. Jinetal. 1 368
<yScale>0.1</yScale> "
<Scale>0.5</2Scale> (per40s) E. coli molecule sim.__ Arjunan & Tomita 2010 1
<xyzUnit>micrometer</xyzUnit> > xyz,t units and scales
<tScale>40</tScale> t, Cytoplasm

<tUnit>minute</tUnit>
</scaleUnit>
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</object>
<component>

D> ,— C name
<componentName>P0</componentName>
<time>1</time> +—— Time point
<measurement>
<objectRef>nucleus</objectRef>
<line><coords>163,343,10</coords>... </line> +—— X,Y,Z
<line><coords>173,350,17</coords>... </line>
</measurement>
</component>
</data>

Fig. 6: Example of data section

Fig. 5: Nuclear division dynamics

An example of using BDML and SSBD in embryogenesis

By using BDML/SSBD, we analyzed the total number of nuclei over time during embryogenesis of
three different types of organisms (Figs. 7 and 8). Stepwise increase indicates synchronization of
nuclear division (for example C9 in Fig. 7b).
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Fig. 7: Total number of nuclei over time in embryogenesis
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Fig 8: Calculating phenotypic characters among components using Phenochar

Imagel support

We are developing ImageJ plugins to support users to produce quantitative data from microscopy
images using ImageJ (Fig. 13).
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Fig. 13: Software tools related with ImagelJ coordination

Towards RDF meta-data service

We will include RDF description on the meta-information of the data to all the BDML files (Fig. 14).
We will also provide triplestores for querying RDF meta-data (Fig. 15).
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<URI>  <URI>  <URI>/literal

: : rg/1999/02/
@prefix rdfs: <http: 3.0rg/2000/01/rdf-schematt> .
@prefix owl: <http://www.w3.0rg/2002/07/owlit> .
@prefix xsd: <http://www.w3.0rg/2001/XMLSchematt> .
@prefix dcterms: <http://purl.org/dc/terms/>

@prefix obo: <http://purl.obolibrary.org/obo/> .

@prefix foaf: <http://xmins.com/foaf/0.1> .

@prefix ssbd: <http://ssbd.qbic.riken.jp/> .
@prefix ssbd_summary: <http://ssbd.qbic.riken.jp/summary/> .

ssb_s y 33-4b48-b13; a _data;
rdfs:label "nuclear division dynamics” ;
rdfs:label "wt(N2)030131_01";
rdfs:comment "Nuclear division dynamics in wild-type embryo” ;
determs:identifier "df2a9568-0c33-4b48-b138-46548bccfféd” ;
0bo:RO_0002162 <htp://identifiers.org/taxonomy/6329>
abic.riken.jp img_26256.jpg> ;
hitp:, lic .0/>;
e_KK_PO02/WT_01.zip>.

Fig. 15: Example of RDF triplestore for meta-data
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Fig. 14: Our strategy



