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Abstract. We developed RDF-based databases of the phenotypes and animal
strains produced in Japan and a portal site termed as “J-Phenome”. By the
application of common schema, these databases can be retrieved by the same
SPARQL query across graphs. In the operation of these databases, RDF
represented multiple advantages such as improvement of comprehensive search,
data integration using ontologies and public data, reuse of data and wider
dissemination of phenotype data compared to conventional systems.
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1 Introduction

In life science, “Phenotype”, a biological characteristic, which an organism shows
as a result of interaction of genes and environment, is critical information for
researchers and the scientific community in order to choose appropriate experimental
materials for their studies.

In this context, the recent sharing of phenotype data is performed by various
databases using phenotype ontologies. For example, Mammalian Phenotype ontology
(MP) [1] and Human Phenotype ontology (HP) [2] are often used as standardized
vocabularies of phenotypes and symptoms. Equivalent links between MP and HP
terms, candidates of disease model animals can be shown through the disease-
phenotype relationship across human, rodents, fish, worms and flies [3,4]. These data
integrations are performed by Semantic Web technologies. Therefore, dissemination
of phenotype-related information, RDF technology seems to be one of the best
solutions.

We introduced a data integration project, “J-Phenome” (http://jphenome.info/), for
wider dissemination of phenotype data produced in Japan using the RIKEN
MetaDatabase (http://metadb.riken.jp/) as an infrastructure of the RDF data handling.
In this paper, we overview the development of RDF datasets and discuss advantages
of RDF for sharing phenotype data in Japan and worldwide.



2 Results

2.1  Collection of the phenotype data

For integration of the phenotype data available in the Japan databases datasets were
collected from the original databases and are summarized in Table 1.

2.2 Conversion to the RDF data

For the conversion of phenotype and animal strain data, we used a RDF-based data
schema, Bioresource Schema (BRS: http://metadb.riken.jp/metadb/db/bioresource

Table 1. List of databases in J-Phenome.

Upper: URL of original site

Lower: URI of graph (URL Explanation of database

of database project)

http://www.mousephenotype.org  RDF version of phenotype data
IMPC RDF data http://metadb riken.jp/db/IMPC _ produced by International Mouse 53,902,370 MP, UO

Number
of triples

Database project

i *
in J-phenome Ontologies used

RDF Phenotyping Consortium (IMPC)
NBRP Medaka https://shigen.nig.ac.jp/medaka/ This database provides metadata 12473 NCBITaxon, ZP,
Phenotype Metadata http:/metadb.riken.jp/db/NBRP of NBRP medaka database. ’ UO, PATO, RO
medaka
http://www.anim.med .kyoto- . . MP, RS, CL, GO,
- This database provides metadata
Metadata of NBRP  u.ac.jp/nbr/ TAO,MA,
Rat hitp://metadb riken.jp/db/NBRP 2 NBRP Rat Phenotype 6355347 NCBITaxon, UO,
rat : PATO, PR, RO
NIG Mouse Egl]:(:)/t/mg}ossmus.lab.mg.ac.]p/p This database provides metadata &%ChlszA, GO,
E‘:t‘;g;ytge Database {10 imetadb.riken.jp/db/Nig_co %faﬁgs?o“e Phenotype 26058 NCBITaxon, CMO,
nsomic_mouse : UO, PATO,RO
. : : CLO, ORDO, CL,
Metadata of BRC 2:: Zf;élt;rg :ﬂ:ﬁ j db/rikenbr Database of cell lines available in 203.562 GO, 1AO,
cell resources c_éell;lpi the RIKEN BioResouce Center. o NCBITaxon, UO,
I PATO, RO
htto://iem bre.riken.in/ Database of microbial strains NCBITaxon,
Metadata of JCM m db/rikenbr available in Japan Collection of 618.938 MCCV, MEO,
resources b ——— D Microorganisms (JCM) in RIKEN > CSSO, PDO, UO,
¢_jcm_microbe i ORes
BioResouce Center. RO
MP, CL, FMA, GO,
. . . TAO,MA,
Metadata of BRC  http://mus.bre riken.jp/ Database of mouse strains NCBITaxon. UO
mouse resources http://metadb riken.jp/db/rikenbr available in RIKEN BioResouce 513,509 PATO. PR liO ’
and phenotypes ¢_mouse Center. UBERON. CHEBI,
NBO
RDF based mata-database of
Metadata of http://iceedb. i Fyncnonal G‘lly'comlcs with KO MP. CL. GO. IAO.
Functional h—P—ng—IE.// b riken.in/db/GI mice database" in Japan 1462 MA. NCBIT:
Glycomics with KO Up://metadb.riken.|p YEO  Consortium for Glycobiology and > axon,

mics_mouse PATO, PR, RO,

Glycotechnology DataBase
(JCGGDB) .
*Abbreviations: CLO: Cell line ontology, RS: Rat Strain Ontology, MP: Mammalian Phenotype
Ontology, ORDO: Orphanet Rare Disease Ontology, CHEBI: Chemical Entities of Biological Interest
Ontology, CL: Cell Ontology, FMA: Foundational Model of Anatomy, GO: Gene Ontology, IAO:
Information Artifact Ontology, MA: Mouse Adult Gross Anatomy Ontology, MPATH: Mouse Pathology
Ontology, NBO: Neuro Behavior Ontology, NCBITaxon, PATO: Phenotypic Quality Ontology, PR:
Protein Ontology, RO: Relations Ontology, UBERON (Uber Anatomy Ontology, UO: Units of
Measurement Ontology, ZP: Zebrafish phenotypes, CMO: Clinical Measurement Ontology, MCCV:
Microbial Culture Collection Vocabulary, MEO: Metagenome and Microbes Environmental Ontology,
CSSO: Clinical Signs and Symptoms Ontology, PDO: Pathogenic Disease Ontology
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Fig. 1. Browsing of animal strain data in the RIKEN MetaDatabase. The panel (A) shows
tabular window lists of the mouse strains. The panel (B) shows a card-view of one strain
as an example.

schema). BRS provides standardized properties to describe attributes of instances.
BRS-based data conversion was performed using the data-conversion function of
RIKEN MetaDatabase [5]. As a result, we made eight RDF graphs for individual
databases. As “common vocabularies”, Open Biomedical Ontologies were used for
the annotations (Table 1).

2.3  Visualization and provision of the RDF data

The RDF data of phenotypes are visualized by RIKEN MetaDatabase, which provides
functions of Web-based data browsing, (Fig. 1) downloading and SPARQL endpoint
(http://metadb.riken.jp/sparql) that can process a query across graphs (databases).

3 Discussion

In the preceding section, we described the outline of RDF-based data integration in
the J-Phenome project. Using the GUIs of the RIKEN MetaDatabase, biologists who
are inexperienced in RDF data can easily browse and explore links of the RDF (Fig.
1).

1) Datasets of J-Phenome will contribute to the data integration in RIKEN
MetaDatabase through use and provide common URIs for genes and bio-resources [5].



2) Comprehensiveness in the data retrieving. As a result of coordination of data by
the common schema, especially utilizing common properties, cross-graph (cross-
database) search using same or similar query(ies) were realized. Particularly, with the
SPARQL endpoint, a single query can be applicable for phenotype data search of
phenotype data in different species.
3) For the cooperation with external database(s) to share RDF datasets, we imported
interrelationship data from Monarch Initiatives (https://monarchinitiative.org) [2],
which easily expands the J-Phenome to show candidate diseases related with
phenotypes. This expansion contributes to add “values” of Japanese animal strains as
a “disease model”. In addition, data import of the “opposite direction” is also useful.
We are currently planning to export the Japanese phenotype data to Monarch
Initiative for wider dissemination of the Japanese phenotype data. J-Phenome data
will be updated independently from Monarch Initiative’s data, and will require
frequent synchronizations to provide the latest data to users. However, we currently
do not apply federated query because of problems on the performance. Improvement
of performance on the federated query of SPARQL-related technology is expected to
expand inter-database cooperation with the RDF.
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