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ABSTRACT.  Tremendous worldwide genetic resources of mice represent a unique resource 
for the biomedical community, including inbred mice, spontaneous and induced mutants, and 
a large resource of conditional gene targeting ready ES-cell lines. Recently, international ef-
forts are ongoing toward the completion of functional annotation the mouse whole genome, 
which furnishing systems view of mammalian biological networks and causes of disease. In 
this situation, integrations of broad-ranged phenotype data have been presented new chal-
lenges for biomedical field. The OBO ontologies and Minimun Information Standards have 
provided important frameworks of integration and sharing of phenotype information. On the 
other hand, extension of these tools will be need to utilize advanced integration of phenotype 
data, namely to represent fully machine-process-able integration of quantitative and qualita-
tive data, advanced classification of phenotype and representation of relationship between 
mouse phenotype and human disease. We propose that top-level ontology based integration 
using Mizoguchi’s ontology is one of the most sophisticated answer for this issue.   

1   Introduction 

The mouse is one of the excellent model organisms to hold the translational advan-
tages in genetics and genomics into wider developments in clinical research. As a 
disease model animal, it has long history of study, and there exist various technolo-
gies for the experimental manipulation of its genome such as conditional gene target-
ing to inactivate specific genes at the specific tissues and developmental stages. Fur-
thermore, the large collection of standardized classical inbred strains and controlled 
animal rearing environments provides the ability to confirm phenotypic observations 
as well as systematically change environmental factors and genetic input to measure 
effects under defined conditions. Following the determination of the whole genome 
sequence of mice [Mouse Genome Sequencing Consortium 2002], the International 
Knockout Mouse Consortium (IKMC) has been launched to generate mutations for 
every gene in the mouse genome [Collins et al. 2007]. As the next step to reveal the 
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genetic foundation of biological processes and disease, systematic and comprehen-
sive functional characterization of generated mutants is desired. 

The mouse clinic system, a standardized and comprehensive phenotyping platform to 
analyze mouse individuals enables direct and higher accuracy comparison among the 
large number of mutants generated. It may be a great contribution for biomedical com-
munities, if these independent systems combine their data and develop open integrated 
data base of the profile of mouse phenotyping with diverse groups, across academia and 
industry, in mammalian and model organism biology [Gailus-Durner et al. 2005], 
[Brown et al. 2005]. To coordinate a worldwide effort to functionally annotate the 
mouse genome, the International Mouse Phenotyping Consortium (IMPC), a worldwide 
cooperative network of mouse clinics, is being established. The ultimate goal of IMPC 
is to develop a comprehensive database of the outcomes of molecular interventions that 
will reveal a framework for biological networks in the mouse on which human biology 
and disease networks. 

Informatics represents clearly an important part in IMPC activity. In mouse genetics 
field, Mouse Genome Database (MGD) has been crucial role to give integrative data-
base which contains detailed descriptions of mutant lines largely identified from pub-
lished literature [Eppig et al. 2005]. However, IMPC activity requires experimental 
raw-data based integration. Mouse Phenotype Database Integration Consortium (Inter-
Phenome) had been discussed about such informatics issues on phenotype data sharing 
to aim integrating as far as possible the current and future mouse phenotype resources, 
and promoting a process to develop standards for the description of phenotypes using 
ontologies, and file formats for the description of phenotyping protocols and phenotype 
data sets [Mouse Phenotype Database Integration Consortium 2007].  

In this paper, we review international issues to integrate mouse phenotype informa-
tion and discuss future requirements to materialize advanced integration. 

2   Meta data to be integrated with mouse phenotype data 

To enable raw-data based integration of phenotype information produced from large-
scale phenotyping platforms requires standardized descriptions of various kinds of 
phenotype data and relevant metadata to support the unambiguous interpretation and 
reuse of the data such as procedure of phenotyping assays.  In this section we sum-
marize the data and metadata to be integrated. 

2.1   Phenotype data (parameters and parameter values) 

Phenotyping assays are designed to measure or specify the quantity or quality of 
biological entities such as individual animal, anatomical part or biological process, 
that are termed as experimental parameter or traits. In the integration of phenotype 
data, it is indispensable to share the identities what parameters to be measured. On 
the other hand, values of these parameters must be distinguished from parameters 
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themselves as experimental results that are roughly classified into quantitative data 
and qualitative data. In general discussion in InterPhenome consortium, it is com-
plied that quantitative values must be converted into qualitative values in the process 
to integrate phenotype data produced from different phenotyping platforms.   

2.2   Experimental conditions 

Experimental results are generally strongly influenced by its condition such as de-
tailed procedures of phenotying assay and animal housing. These procedures include 
broad ranged information, namely, handling of animal, regents, equipments and con-
sumables to be used. In addition, a baseline data of each procedure represents quite 
important properties of background of data production. In mice, inbred strains pro-
vide repeatable baseline data because individuals of each strain have identical genetic 
backgrounds [Masuya et al. 2007]. It is reported that baseline data using multiple 
inbred strain provide better accuracy for comparison of different platforms [Tucci et 
al. 2006], [Wahlsten et al. 2003]. 

3   Tools and standards for integration of phenotype 
integration in mouse 

Integration needs standardized description of broad kind of information. In this sec-
tion, we outline tools playing essential roles for the ongoing processes of the data 
integration in mouse phenotype. 

3.1   Ontologies 

The Open Biomedical Ontologies (OBO) consortium, an open umbrella body for devel-
opers of ontologies in bioinformatics field obviously contributed for current annotation 
processes of various kinds of metadata in mouse phenotypes. 

 
Mammalian Phenotype (MP).  In the field of science literature based annotation of 
mouse phenotype, MGD succeeded to solve irrelevancy of searching system based on 
free-text description and enabled robust phenotypic annotations and querying capabili-
ties for mouse phenotype data by the development of MP [Smith CL. et al. 2005]. For 
the annotation of raw-data, MP is also beneficial to indentify what detected phenotype 
is corresponds to common types used in mammalian genetics study. 

 
Mouse Pathology (MPATH).  MPATH ontology covers all currently known classes of 
lesion, with specific reference to the mouse. The inclusion of definitions and synonyms 
helps to clarify the often disparate set of terms used by pathologists trained in different 
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traditions which actually describe the same lesion. It incorporates the NIH Mouse Mod-
els of Human Cancer Consortium recommendations on haematopoietic neoplasms 
[Schofield et al. 2004]. 

 
Mouse Adult Gross Anatomy (MA), Mouse Gross Anatomy and Development 
(EMAP), Cell Type (CL), Gene Ontology (GO), Chemical Entity of biological in-
terest (ChEBI) and Biological Pathway Exchange (BioPAX).  MA, EMAP. CL, GO, 
ChEBI and BioPAX represent biological entities affected in any phenotypic change is 
occurred such as anatomical parts, embryological anatomy parts, cells, cellular compo-
nents, chemical compound, biological processes, molecular interaction and pathways 
[Baldock et al. 2003], [Hayamizu et al. 2005], [Bard et al. 2005], [Gene Ontology Con-
sortium 2000], [Degtyarenko et al. 2008], [Jiang et al. 2005]. 

 
Phenotypic Quality (PATO) and Unit Ontology (UO).  PATO is a ontology for the 
practical qualitative value of phenotype description. It classified various values with a 
basic framework as “qualitative value is_a parameter”. Typically it is used for “entity 
plus quality” (E+Q) annotation of experimental parameters and parameter values 
[Gkoutos et al. 2004],  [Gkoutos et al. 2005]. UO represents classification of units for 
the integration of quantitative value. 

 
Ontology of Scientific Experiments (EXPO) and Experiment ACTions (EXACT).  
EXPO and EXACT are ontologies as the basis of a method of representing biological 
laboratory protocols enables publication of protocols with increased clarity. EXACT 
includes several different and important top-level concepts such as process, objects, 
proposition and quality. These concepts act as components to describe experimental 
action [Soldatova and King 2006], [Soldatova et al. 2008]. 

3.2   Library of cross-talks among ontologies 

OBO Foundry, a coordinated reforming activity to promote integration of OBO ontolo-
gies has initiated to produce “cross-product” to represent logical definitions and cros-
stalks of terms in existing OBO ontologies, spurring the development of the OBO Rela-
tion Ontology (RO) [Smith B. et al. 2005], [Smith B. et al. 2007]. PATO developers has 
began to provide “post-coordinated” libraries to show definitions of pre-coordinated 
phenotype terms such as MP in terms of basic qualities defined in PATO and bearer 
biological entities by the methodology of E+Q annotation and cross-product strategy 
(http://bioontology.org/wiki/index.php/PATO:Pre_vs_Post_Coordinating). This ap-
proach represents relationship between mouse phenotype and disease (Gokoutos et al. 
personal communication). 
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3.3   Minimum Information to describe a Mouse Phenotype 
Procedure (MIMPP) 

InterPhenome consortium have identified three major priorities as requirements for 
standards for describing phenotyping procedures, data exchange technologies and 
phenotype ontologies [Mouse Phenotype Database Integration Consortium 2007].  
These requirements gave rise to develop the minimal information standard which 
associated data formats such as XML schemas to allow the data to be reused and 
analyzed and interchange of data between public repositories. InterPhenome consor-
tium is now under discussing draft version of MIMPP to be standardized 
(http://www.interphenome.org/ppxml/ppml_v1_3.html). The activity of MIMPP is 
cooperated with Minimum Information for Biological and Biomedical Investigations 
(MIBBI) consortium for the broad coordination in biomedical community [Taylor et 
al 2008].  

4   Current issues toward advanced semantic integration 

OBO ontology and Minimun Information Standards obviously contribute to the in-
ternational efforts to integrate mouse phenotype information promoted by 
InterPhenome and IMPC consortiums to providing common vocabulary and data 
structure. However, we point out that some issues might be barrier to enable 
advanced semantic integration toward IMPC’s ultimate goal: to develop a 
comprehensive database of the outcomes of molecular interventions in vivo – from 
genetic lesions to small molecules. Such a dataset will allow us to formulate a 
framework for biological networks in the mouse on which human biology and 
disease networks can be revealed. 

4.1   Needs for advanced data model for anatomical parts 

Current version of MA ontology provides mainly “part_of” links to represent spatial 
location of each tissue, but don’t “is_a” link to represent logical definition. This 
problem will be solved in future version (Hayamizu et al, personal communication). 
Following extensions will be required to disclose relationships mouse phenotype and 
human disease. (1) Mapping of homologous organ between mouse and human. (2) 
Association of EMAP terms with detailed developmental and physiological events. 
(3) Identification of shared properties between organs or tissues such as morphologi-
cal features and functional characteristics. 
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4.2   Needs for ontological framework to represent quality and 
quantity 

The advanced integration of phenotype data requires integrative representation of 
both of qualitative and quantitative values to enables automatic conversion from 
quantitative value to qualitative value with reference to threshold value. It is also 
required accurate distinction of parameters to be measured with parameter values as 
experimental results, and to describe changes of value for a specific attribute of same 
biological entity during the time course, aging or development. Furthermore, pheno-
typic evaluations are often represented by the combination of parameter value and its 
degree, i.e. “severe short tail” for the attribute of “morphology”. Current ontological 
structure of PATO that do not distinguish parameter with value is not sufficient to 
ensure machine interpretable semantics. Our suggestion is to remodel the structure of 
PATO to provide classification of quality-related concepts as described in chapter 5. 

4.3  Data framework of more broad-ranged concepts 

MIMPP will provide data framework of phenotyping experimental data and descrip-
tion of procedures on XML schema. However, fully integration of phenotype-related 
information ranging molecular level to biological function level requires further uni-
versal data model for broad-ranged items. Indeed the post-coordination libraries of 
OBO ontologies will help to ensure semantic links between deferent data, more for-
malized method may be required. Web ontology language (OWL) or OWL compati-
ble language may be one of the candidates for standardized language to develop uni-
versal data model to represent semantics [Mizoguchi 2004A].  

 

 
Figure 1.  Comparison of quality-related concept in Mizoguchi’s ontology /GXO and PATO. 
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Figure 2.  Simplified schema of GXO (development in progress). 

5   A proposal of the Top-level ontology based integration 
of experimental genetics world 

The top-level ontology based integration is one of the methodologies to ideally ex-
press the world in a general data model to deal with broad-ranged concepts. This 
methodology would promote the sharing of results within and between subjects, 
reducing both the duplication and loss of knowledge [Mizoguchi 2003], [Soldatova 
and King 2006].  It is also an essential step in formalizing knowledge of science, and 
so fully exploiting computer reasoning in science.  In the example of EXACT and 
EXPO, it seems successfully to reveal data model formalizing knowledge about sci-
entific experimental design, methodology, and results representation. They served as 
the middle-level tier to bridge top-level ontology such as Basic Formal Ontology 
(BFO) [Grenon and Smith 2004] and Suggested Upper Merged Ontology (SUMO) 
[Niles and Pease 2001] with domain knowledge [Soldatova and King 2006], [Solda-
tova et al. 2008]. For the fully integration of mouse phenotype information, it seems 
essential to develop a middle-level ontology to represent generic logic of experimen-
tal genetics world.  

Now we propose a top-level ontology based integration using Mizoguchi’s ontology 
that is classified into a common Aristotelian and descriptive ontology like as BFO and 
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Descriptive Ontology for Linguistic and Cognitive Engineering (DOLCE) [Gangemi et 
al. 2002]. Mizoguchi’s top-level ontology has the number of features based on sophisti-
cated ontological considerations. (1) It is based on detailed investigation about quality-
related concepts such as “attribute”, a dimension or parameter for a quality-related con-
cept, “attribute-value”, a magnitude or multitude for an attribute (this is identical to 
“quale” of DOLCE), and “property”, an abstracted concept of an attribute value repre-
senting the degree of quality. This feature is essential for integration of experimental 
procedure, experimental result and intrinsic quality of biological entities, that includes 
definitive representation of the parameters to be measured and parameter values to 
describe phenotypes (Fig. 1). (2) The advanced role theory embedded in this ontology.  
For the integration of broad-ranged information, it is often needed to model the interac-
tion between general concepts with context dependent concepts. For example, “trait” in 
genetics means an attribute under the context of description for biological object (shape 
of a seed, coat color or weight of individual mouse). Similarly, a phenotype is a prop-
erty under the biological object. Mizoguchi’s role theory clearly explains this kind of 
context dependency as: an entity that is played by another entity in a context  
[Mizoguchi 2004B], [Mizoguchi et al. 2007]. (3) Advanced theory for event and proc-
ess is useful to describe developmental events essential for the description of biological 
information. (4) Consideration for representation is able to divert to the detailed de-
scription of the flow of genetic information coded by one-dimensional sequence of 
molecular entities. 

We are now developing genetics ontology (GXO) as a middle-level ontology based 
on Mizoguchi’s ontology to represent genetics which is one of fundamental set of logics 
to explain heredity and the variation of inherited characteristics in biological study (Fig. 
2). This semantic framework will be applicable as one of the prescriptions for develop-
ments of domain ontology and integrated databases in bio-medical field.  
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