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Introduction: Bioinformatics methods are more and more used in clinical medicine. Examples 

are the support for diagnoses or pharmacogenomics including personalized medicine 

(overview in [1]). There are plenty of databases with molecular-biological content available. 

However, databases or information systems with a focus on molecular medicine that also 

consider individual patients are rare. Thus, a universal data (or object) model, which is a 

must for any medical information system, is not available. Instead, molecular entities are 

typically modeled with ontologies like GO [2], markup languages like SMBL [3] or GSVML [4], 

terminologies like UMLS [5], or with HL7s “Clinical Genomics” domain model [6]. Software 

like BioMart [7] enables the integration and querying of multiple data sources. However, all 

these diverse and independent approaches still have interoperability issues [8]. What if we 

circumvent these downsides by creating a uniform object-oriented (OO) model for molecular 

medicine before we try to integrate? We have analyzed the pros and cons of an object-

oriented domain model and applied it to a prototype database.  

Material and Methods: A review of the above mentioned methods and techniques for 

modeling molecular-biology entities was conducted. The outcome was used as input for the 

domain model. All classes are modeled in the Unified Modeling Language (UML) [9]. Scala 

[10] is used together with the OO database db4o [11] for the prototype. Publicly available 

data of the pharmacogenomics knowledge base (PharmGKB) [12] was used to set up a 

database with real-world data as a proof of concept. 

Results: We have successfully developed a domain model and a database which is based on 

this model. Our approach uses several design patterns to separate generic classes from 

data-source-dependent classes (e.g. PharmGKB). The model consists of 21 major generic 

classes like Gene or Drug and 8 major PharmGKB-dependent classes like PKGBGene or 

PGKBDrug. The database contains 26,216 genes, 3,196 diseases and 2,952 drugs and 

supports patient-related polymorphism (SNPs). Db4o’s powerful intrinsic query methods 

enable a wide variety of queries and the DB could easily be extended to a medical 

information system. Test queries indicate no significant performance problems as expected 

[13]. 

Discussion: Little schemas or class models of existing databases are publicly available. Our 

perception is that each DB scheme is used only internally and serves its primary purpose. 

The feasibility of a uniform class model for molecular biology is still under discussion [14]. 

However, we found that the molecular biology/molecular medicine domain can naturally be 

described as objects. We believe that the OO approach fits nicely for molecular networks 

where a relational DB approach would require many joins (see also [15]). Future work will 

incorporate support for copy number variations and will analyze how queries can be 

extended with lazy loading mechanism (also over a web service). 
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