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Abstract

Understanding the cell cycle process is important in understanding the processes of development and aging and the progression of cancer.  Our work entails building a Cell Cycle Ontology (CCO) that integrates diverse and heterogeneous mouse genome data from MGI supported by several reference ontologies from the Open Biomedical Ontologies Foundry.  Our approach adapts the method used by other groups to develop CCOs for other organisms, including human, yeasts, and Arabidopsis.  Our hope is that this new resource will help to provide a better understanding of data related to the cell cycle by providing a framework for more complex queries and a more comprehensive view of the cell cycle as a biological system.
Specific Objectives
The objectives for the project are as follows:

1. To map the intersection between the Cell Cycle Ontology (CCO) resources and the Gene Ontology (GO).  

2. Adapting scripts and applying reasoning to investigate the potential of reasoning over the mouse data in the Gene Ontology as following recent publicized method.
3. Create a Cell Cycle Ontology that integrates the mouse genome and the resources at MGI.  Upload this resource to the internet for public use.
Significance
Mouse Genome Informatics (MGI) is the international database resource for the laboratory mouse, providing integrated genetic, genomic, and biological data to facilitate the study of human health and disease [1].  The Gene Ontology (GO) project provides a controlled vocabulary to describe gene and gene product attributes in any organism [2].  Mouse genes are functionally annotated in the MGI resource using the GO.  The Cell Cycle Ontology (CCO) is a self-contained ontology focused on the representation of cell cycle knowledge [3].  The Cell Cycle Ontology has not been integrated with either the Gene Ontology or the MGI database.  That means that the data and experiments used for the CCO have not been cross-referenced with data in the GO.  It is possible that the data in the CCO could match that in the GO or even in the MGI Database .  With the cell cycle (in CCO) mapped for humans, any orthologs of the human genes to the mouse genes help researchers understand cell mutations in mice during cell division and replication.  Integrating these two databases will allow for inference and knowledge analysis on a whole new level considering the cell cycle of the mouse genome.  This project is significant because it is another step in expanding and furthering the knowledge and data of the Gene Ontology and the Mouse Genome Informatics Database.
Project Details
There are different types of ontologies based on the purpose of the ontology. The ontologies I am working with are reference and application ontologies. A reference ontology is used when information or knowledge is needed about a specific term.  This type of ontology has its terms defined with as much data possible. The terms are annotated to various resources to qualify and validate the definition. The Gene Ontology is a reference ontology for genes. An application ontology defines terms like any other ontology, but integrates ontologies for a specific subject. Where the Gene Ontology is a broad reference ontology for genes, the Cell Cycle Ontology annotates to different ontologies for the specific purpose of knowledge about the Cell Cycle. 

My goal is to create an application ontology that will expand the CCO with mouse data integrated into the ontology. Application ontologies have already been created for human, Arabidopsis, and 2 types of yeast. I will use many OBO supported reference ontologies such as the Gene Ontology to support the mouse CCO.
Previous Work
This project is another step in the unification of biological terms.   The work already done on for this project includes the ontologies that the project will encompass: the Cell Cycle Ontology, the Gene Ontology, and the Mouse Genome Informatics Database.   The OBO Foundry is an organization that helps support and enhances these and other ontologies.   An article about the OBO Foundry in Nature Biotechnology, said the following:

The value of any kind of data is greatly enhanced when it exists in a form that allows it to be integrated with other data.  One approach to integration is through the annotation of multiple bodies of data using common controlled vocabularies or 'ontologies'[4].   
Currently, ontologies  are very spread out in that the all have very similar terms and knowledge and there is little conjunction and linkage between them.   For instance, GO has the term 'lung development,’ the Mammalian Phenotype has 'abnormal lung development,' and the Adult Mouse Anatomy has ‘lung.’  All of these terms should be linked intentionally somehow, but they are not.   They are instead only semantically linked.   The intent then is to attempt to use published scripts and the representation of the cell cycle to examine intersections between a variety of ontological resources.

Methods
Gathering bioinformatics data:  This requires the review of publicly available data resources.   These resources will include the Jackson Laboratory Library and the scientific journals there as well as open-source ontologies on the web. There are slight problems with downloading the files and resources.  The ontologies are updated constantly to keep track of the exponentially increasing amounts of biological data. For the sake of creating the ontology, I am recording which versions I download. With this knowledge, the ontology can be periodically updated without fear of it becoming outdated. 

Employ Perl, a programming and scripting language, which is used very often in bioinformatics, for data organization and analysis tasks. Perl is able to process large text files in short amounts of time, allowing for a efficient and convenient method of extracting necessary data. Perl employs a technique known as “regular expressions.” A regular expression tells the program to search through the file for certain phrases, numbers, or even a random collection of words or letters. The programmer then decides what part of the data they wish to parse from the rest of the file. The downfall to a system like this is that it can cause very general searches that may be of no use to the programmer. One must make sure that the regular expression is neither too open nor too restrictive. It is also difficult to tell if a search did find incorrect data because of the vast amounts that can be parsed.

Use Microsoft Access for database techniques and SQL queries. The data I extract is then used to create various resources and tables. These are the tables that are ultimately used to create the ontology. Various problems, however, can arise when trying to create a resource. Using database tools is only successful if there is a common, exact link between the data being integrated. If there is not a common link, the tool takes longer to run and outputs a useless resource.

Summary

We have built an ontology that integrates the MGI Database with the Cell Cycle Ontology. The ontology annotates to various resources including the GO and the information at OMIM. The ontology covers the 640 genes that are active in the mouse cell cycle. Each term is linked by its original GO ID, its human ortholog, its mammalian and allelic phenotype, and its protein interaction.

Future Work
The ontology will be updated continuously once it has been uploaded. Communications between the MGI team at the Jackson Laboratory and the CCO team will continue to ensure that the ontology is made to be a useful public resource. The ontology will also be discussed by biologists at the Jackson Laboratory to ensure that the ontology suits the needs of the scientists using and analyzing the data. Once everything has been checked and prepared, the ontology will be submitted and uploaded to the BioPortal public resource for universal use. The ontology will eventually include a host of tools that will allow users to perform queries of the ontology easily and allow for visualization of the information.
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