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ABSTRACT 

The target of this research is creating a biomedical ontology for liver diseases using 

UMLS as data source. Due to extensive available information in the biomedical domain its 

unstructured format makes the access of that data to users difficult. Development in biomedical 

domain lies within its publications that is its literature. Ontologies help create structured 

knowledge base of the available information for easy access and use. In the recent years, 

ontology development has extended to desktops of experts from artificial intelligence. 

Ontologies now are common over the internet ranging from “Yahoo!” to “Amazon”. Resource 

description framework is developed by the WWW consortium to make the knowledge 

machine-readable. Protégé is tool developed by Stanford university to create and edit 

ontologies. It uses RDF triplets to model the schemas of an ontology by linking the concepts 

their properties and relations to concepts. The disease ontology is created using UMLS as data 

source. 

Existing biomedical ontologies focus either on diseases and its hierarchy or symptoms 

only. No existing ontology draws the link between diseases and its symptoms. The existing 

ontologies has structured vocabulary like SNOWMED or has a semantic network like UMLS. 

The ontology created in this research focuses on liver diseases with hierarchy of the diseases 

and its semantic network based on UMLS concepts whereas the symptoms are based on the 

ontology created by Institute of Genome Sciences namely, “Symptom ontology”.  

The relation between diseases and its respective symptoms are evaluated with the help 

of experts and expressed in graphical representation. 

 

 

 

Key Words: Ontologies, Unified Medical Library System, Resource Description Framework, 

Liver Disease, Protégé, Data Mapping, Object Based Data Access. 
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CHAPTER 1:  INTRODUCTION 

Exponential growth of information particularly unstructured is leading to new 

influential technologies necessary to explore the available biomedical literature [1]. Smart-

Health care system’s such as medical diagnostics, decision support systems or health 

management are used to deduce information based on the available data using machine 

learning. An ontology is a machine understandable knowledge for a domain of interest [2]. 

Ontologies organize, integrate and helps derive useful conclusions with the information 

available after it is converted from unstructured information to structured data. The created 

data from ontology is in a format understandable by machines [3]. Due to the unstructured 

nature of biomedical data ontologies have become the most frequently explored technique to 

represent the available data [4]. Ontology is “Explicit specification of conceptualization” 

according to Gruber. Ontology represents a domain and the relation between concepts of that 

domain and their properties. These ontology forms the basis of semantic web [5]. Medical 

diagnostics related information is acquired from multiple sources and they consistency is the 

most important factor to contribution of accurate diagnosis. Many sources are considered in 

different papers among which clinical procedure guidelines (CPGs) are used to design for the 

usage of a doctor to make effective decision making according to the circumstances. Their use 

increases the quality and contributes to the effectiveness of the decisions providing a positive 

impact to quality of care and reduction in cost of the prescribed treatment [6]. This approach 

was first introduced in the western countries and its progress was monitored over the past two 

decades. Due to the positive progress they are still followed in those countries. These are 

usually in the form of paper booklet. Due to its paper format information review and retrieval 

of data from it is hard [7]. To identify all the information related to a specific problem these 

instructions need to be automated. Therefore, people are switching from booklets to automated 

procedures to overcome this boring and dry task of searching information within a book [8]. 

The conversion of this booklet’s free text to terminologies and creating a vocabulary 

was the most important issue. As the data was about medical diseases and information was 

created by the people within that domain. These domain experts had the knowledge to make 

decisions based on their experience from the free text of the book in a very short time [9]. 

Additionally, the possibility of changing terminologies for a concept or same concept 

with multiple terminologies was the biggest test in automating the information. These were a 

number encountered difficulties in using CPGs as a source for clinical decision support systems 

[10].  
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The concept of ontologies comes in handy when the CPGs automation was ineffective 

due to its structured schemas as end-result. The ontologies are domain specific and creates 

objects on real world entities based called concepts. Properties are assigned to those concepts 

and their relationships with other concepts are defined, forming a structure for the information 

that was unstructured when started working with. To ensure data consistency and accuracy and 

already evaluated data source is used for the research in this thesis. UMLS integrates multiple 

medical knowledge bases. Liver diseases are our main focus in which the research will be 

conducted because liver disease are the most commonly occurring diseases in Pakistan as well 

as throughout the world. 

 Every year 2 billion people consume alcohol among which 75 million people suffer 

from alcohol induced liver diseases. Approximately 2 million deaths per year occur due to liver 

diseases. A million to liver cirrhosis complication, which is the 11th leading cause of death 

worldwide and a million due to hepatocellular carcinoma as well as viral hepatitis. Liver cancer 

is the sixteenth leading cause of death globally. In total accounting for 3.5% of the worldwide 

death cause. Cirrhosis leading to disabilities weighs 1.6% making it to the top 20 causes of 

disabilities. 400 million have diabetes leading to overweighing lifestyle and obese which are 

caused by hepatocellular carcinoma and non-alcoholic fatty liver disease. Therefore, the focus 

of this research is liver disease [Arsani et, al. 2018]. 

1.1 Background, Scope and Motivation 

The demand of software-based solutions has increased very rapidly since last two 

decades. As well as the biomedical literature has evolved drastically. It was initially thought 

that this huge amount of textual biomedical information could be proficiently controlled 

through automated textual extraction approaches. However, it soon became difficult to obtain 

the required results. The information available in bio-medical area is unstructured in 

publications. Thus, the problem cannot be simply solved by the use of the search engines. The 

absence of semantic association of available data on internet is the prime reason of incapability 

of the search engines. Ontology by definition means “explicit formal specifications of the terms in 

the domain and relations among them”. 

Ontology’s scope includes several questions that it helps answers from a 

knowledgebase. The scope of our ontology deals with diseases, its symptoms, definitions, 

relations to other diseases and its synonyms. The relations consist of narrow and broad relations 

based on its hierarchy in the ontology. There exist particular ontologies that deal with either 
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diseases and its concepts or symptoms and its concepts but no existing ontology deals with 

both diseases and symptoms as well as their relations. 

Due to lack of existing ontologies to depict the relation among diseases and its 

symptoms this topic has vast chances of improvement and research. The human body is a 

complex system and each organ in itself contains a lot of information with respect to medicine. 

Therefore, the organ under consideration for this thesis is “Liver” due to common occurrence 

of liver diseases in Pakistan. 

1.2 Aims & Objectives 

Major objectives of this research are as following: 

• Extract data from UMLS 

• Create a database for the extracted data 

• Import the data into Protégé 

• Create Liver disease ontology 

• Merge Symptoms ontology and Liver diseases ontologies 

• Create mapping for the data linking the diseases to its symptoms. 

• OWL file containing the ontology and OBDA file containing the mappings of data 

into RDF triplets.  

1.3 Structure of thesis: 

Chapter 1: Includes an overview of the thesis and introduction to background 

knowledge and domain information, motivation for topic selection, goals of research and 

structure of this thesis. Chapter 2: includes the detailed systematic literature review whereas 

the Chapter 3 highlights the proposed methodology and implementation of our proposed idea. 

Chapter 4: includes a discussion of the achieved results and validation of these results from 

domain experts. Chapter 5: includes conclusion that concludes the thesis along with ideas for 

further improving the existing work under the heading future work. 
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CHAPTER 2:  LITERATURE REVIEW 

2.1 Overview 

Within the last two decades, the term “Ontology” originally used in philosophy, has 

gained extensive growth. This popularity is due to the use of ontologies for dealing difficulties 

of using computer for human purposes. Ontologies are found everywhere. They are trending 

these days in peer-to-peer systems, database integration, semantic web services, e-commerce, 

natural language processing,  knowledge management and social networks. Managing 

ontologies and labelling them to associate semantics to the data throughout its life cycle. 

Ontology development in biomedicine has multiple ontologies. The biggest advantage is the 

domain knowledge in represented in a structured way creating a formal specification [12]. It 

helps understand the concepts specific to a domain and their relation to each other. Every 

concept is identified through an object and linked via properties to other object or values [13]. 

The available information for a domain is converted into a domain specific ontology and that 

in term becomes machine readable information [14]. Although ontology’s advantages out 

weigh’s its disadvantages, the biggest disadvantage is it’s development for a specific purpose 

or need through a specific person’s perspective. They can  capture the domain information but 

can not generalize it for all activities in that domain [15]. Another disadvantage is their 

effectiveness. An ontology must be rigorously verified within the domain using the information 

of which it is created [16]. Assessing, verifying, validating and evaluating an ontology are the 

most important steps to ensure it’s correctness, integrity and preciseness [17]. A biomedical 

ontology is considered rich only if the information available is semantically correct and 

includes information from in dept that is sub domain linked to the specific domain are also 

encompassed within the ontology. For example is a disease is under consideration, the 

symptoms, synonyms, causative factors and risks should be included within the ontology 

domain [18]. The data source selection is the most important factor contributing to a consistent 

and accurate ontology. However evaluating the ontology from a domain expert is also very 

important in identifying the shortcomings within an ontology along with ensure its correctness 

and effectiveness [19]. UMLS (Unified Medical Language System) is known for its consistent 

and accurate data integrating multiple biomedical libraries like MeSH and SNOMED CT [20]. 

First order logic form the basis of ontologies that are declared, composed and context 

independent [21]. It consists of an object, relation, function triplet commonly known as 
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Resource Description Framework (RDF) triplet [22]. The RDF triplet is graph based model 

creating subject-predicate-object schemas for the relations defined for concepts [23].  

Protégé toolkit is the user friendly for creating, editing and accessing ontologies. It is 

useful for understanding a domain easily through its visualization features [24]. CDSS based 

on ontology of infectious diseases and prescribing antibiotics based on machine learning 

techniques and AI models are developed [25]. A drug ontology is created for the sole purpose 

of obtaining detailed, accurate and consistent information related to drugs [26]. It is created on 

the drug terminology standard by national Library of Medicine (NLM) [27]. Another ontology 

is created namely human disease ontology which contains information related to diseases. They 

used web ontology language for its creation in protégé [28]. Ontology is vital way to represent 

domain specific information among users and researchers [30].  

 

2.2 Ontology: 

Ontology is a structural frameworks for organizing information to build a shared 

vocabulary that defines relations among concepts, its properties and types associated within a 

specific domain[31]. Ontology draws the domain in a realistic manner also capturing the 

restrictions set on a domain and model them. It specifies the domain knowledge and models 

them in a way to be used by individuals in that domain [32]. 

2.2.1 Components of an Ontology  

Usually ontologies are defined through “Subject predicate object” which describes 

objects (instances), classes (concepts) and properties. Relations connecting concepts are also 

defined. The most common components of ontology are described below.  

• Individuals: These are Instances or objects of a specific domain.  

• Classes: These are collection of concepts dividing them into classes on basis of 

similarity and differences like in programming.  

• Properties: Properties define aspects, features and characteristics of a specific nature 

associated with a domain. 

• Relationships: Relationships are ways in which classes and individuals are connected 

to one another.  

• Axioms: Assertions including rules in a logical form that comprising the overall 

ontology together. 
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The leading reasons for developing ontology is to reuse the information of that domain 

and share it within people related to that domain or software agents to use that information due 

to its machine readability. It makes explicit the assumptions and operational knowledge and 

separate the domain knowledge to analyze it.  

2.2.2 OWL Language  

Ontology based web language OWL is a recently developed language among standard 

languages for ontologies. It was developed according to WWWC standards and rules. The 

following are basic components of an OWL ontology:  

• Individuals: Individuals are also known as instances. They represent objects of a 

domain that is under consideration in a specific ontology. They relate to properties and 

form a knowledge base.  

• Classes: Classes are also called concepts, used describe a concept within that specific 

domain. OWL classes are used to differentiate between individuals on the basis of their 

characteristics. Similar individuals are grouped together. Their instances are created on 

the basis on their semantic classifications. Classes can have child classes or sub classes. 

Classes can also have parent classes or super classes. 

• Properties: properties describe relations and roles within different objects. They are 

also called roles or slots. There are different types of properties most common among 

with are two types namely object properties and datatype properties.  

1. Object property:  

It relates instances of classes to each other. Describes a relation between 

different classes or concepts. 

2. Datatype property:  

It relates instances or individuals of  OWL classes to its literal values. 

 

Developing an ontology in practical terms includes creation of classes in a ontology 

and defining them on the basis of their hierarchy or taxonomical structure. Then properties are 

defined and values are assigned on the basis of datatype property or relations are established 

on the basis of object properties.  

2.2.3 SPARQL Query: 

SPARQL queries play an important role in usage of ontology.  The ontology is built in 

a way that semantic association is built within the concepts and query answers questions with 
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respect to creating easy for decision support systems and evaluation systems for ontology. 

Using SPARQL queries we can know how well an ontology answers the questions 

corresponding it is queried for by the users. Using queries we could know how well the 

ontology is answering the question of the users. In this thesis SPARQL queries are used to 

query diseases related to liver their relations to each other and symptoms corresponding to each 

of the disease. 

2.2.4 Resource Description Framework: 

RDF (Resource Description Framework) provides a way to represent data in the form 

of triplets which in a standard model to interchange data on the web. A triplet defines a relation 

between two things for example “Dengue” has a symptom “Fever”. RDF triplet works on 

subject object predicate logic and SPARQL language is used to access these triplets which 

stands for “SPARQL Protocol And RDF Query Language”. Other languages like The Turtle 

language can also be used as alternative to SPARQL. 

2.2.5 Protégé 5.5.0 

Protégé is an open source free platform for ontology creation, editing and knowledge 

management along with supporting tools for OWL. The software is developed in JAVA and 

plugins are available to make the ontology accessible within applications for that specific 

domain[34]. Protégé allows creation and editing of ontologies for semantic web in 

correspondence to W3C standards for Web Ontology Language. It allows ontology 

visualization and graphical view. It allows users to load data to edit ontology as well as save 

newly created ontologies, it also provides reasoners to describe logic based classifiers. 

2.3 Biomedical ontologies: 

Prior towards the emergence of computer applications the enormous knowledge of 

ecology and biomedicine was stored in amorphous practice there were no doubts in the 

complexity of knowledge in unstructured form. Nonetheless it is astonishing that scholars who 

work on domain of biomedicine treaded and began locating ways to resolve difficulties and 

also started to epitomize information in systematized method. There are a portion of exertions 

in this domain and scientists schematize the biomedicine information as well as defined the 

touchstone concepts. The organization and calibration of terms in biomedicine have stemmed 

in the classification of diseases, repository control, thesaurus as well as vocabularies or 

ontologies.  
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The usage of ontologies in the biomedical domain is growing with time. For example a 

vocabulary of the biomedicine ontologies, contains more than three hundred ontologies as well 

as meticulous repositories in BioPortal2. Biologists used ontologies for dealing with the huge 

amount of data biomedicine ontologies. Other usage ares of biomedical ontologies are the 

hospitals as well as associated individuals use them for chronicling data approaching 

encounters in the clinics, also use in CDSS (Clinical Decision Support Systems) etc. 

Biomedicine scholars use ontologies concepts as well as KBs in boosted data amalgamation as 

well as discoveries in translation. Domineering flank of biomedical information discovery is 

the design of ontology as well as the reusability, which is of utmost apprehension which can 

be found by stage of compatibility amongst the ontology terms as well as amongst the schemes 

in the domain of biomedicine which they direct. Ontologies are castoff and they appear as 

empowering possessions in diverse biomedicine systems with the passage of time. 

2.3.1 FMA: 

FMA is an acronym for Foundation Model of Anatomy. The FMA was founded at Washington 

University and it rosette from previous exertion for supplement the structural substance of the 

UMLS. Emphasizing absolutely on the interpretation of structural organization, FMA gaze 

onward and appears as citation ontology. At start fringed for grossing the anatomy this 

anatomical ontology confines almost seventy thousand impressions stretched with cellular as 

well as sub cellular singularities. Protégé also has support of FMA. 

2.3.2 OrphaData: 

A scientific community providing comprehensive datasets with high quality relating to rare 

diseases and orphan drugs together forms “OrphaData” knowledge base. The data is in reusable 

formats, providing a structured vocabulary for rare diseases derived from orphaned knowledge 

base. It was established in France in 1997. It offers 33 different classifications of rare diseases 

each of which focuses on one organ system like rare cardiac diseases, rare neurological 

diseases. 

2.3.3 Diseasome: 

This is a dataset of diseases with genetic variation. It is a database constructed using an 

automating and integrating pipeline system. It contains data on 124,000 diseases, 12,000,000 

single nucleotide polymorphism (SNP) markers, and about 38,500 genes, as well as more than 

14,000 SNP records and 109,000 gene records associated with human diseases. This database 
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provides access to disease and its association studies through identification of candidate genes 

linked with disease and its specific genetic variation. 

2.3.4 SNOMED CT: 

It is an abbreviation of “Systematized Nomenclature of Medicine Clinical Terms”. College of 

American Pathologists developed this biomedical ontological repository. It was built in 

instinctive explanation rationality formalism as well as it entails a huge amount of bio-medical 

terms and concepts. The latest version of SNOMED contains 269,864 terms as well as 407,510 

names [50]. Now SNOMED-CT is accessible within UMLS knowledge sources without any 

cost. Only the requirement of signing the license covenant with the UMLS SNOMET-CT 

classes, concepts, names as well as pyramids are accessible consequently SNOMED-CT is 

probably consumed inside diverse bio-medical systems. 

2.3.5 Unified Medical Language System (UMLS): 

UMLS integrates biomedical standard domains and major vocabularies including SNOMED 

CT, MeSH, ICD and others. UMLS consists of three components a Metathesaurus, Semantic 

Network and Specialist lexicon. Metathesaurus is a vocabulary containing a million 

biomedically unique concepts linked to around 5 million labels derived from 100 

terminologies. It further classified the relationship between these concepts roughly resulting 

into 17 million relationships. Each concept is associated with a unique identified called CUI 

that is concept unique identifier linking similar concepts from different ontologies and 

vocabularies. The Semantic Network categorizes the concepts in Metathesaurus and a semantic 

type is assigned to the concept. It also highlights the relations that can be used between the 

concepts through different semantic types. There are 133 semantic types such as disease or 

syndrome, anatomical structure, organism, clinical findings, symptoms and among the 133 

semantic types 54 defines semantic relationships in the Semantic Network. Each concept from 

the Metathesaurus is assigned at least one semantic type. 

2.4 Coverage of existing ontologies: 

 

Ontology Scope Number of Concepts 

SNOMED CT Clinical medicine 310,400 

FMA Human Anatomical structure 73,000 

GENE ONTOLOGY Functional Annotation of Gene products 22,500 
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DISEASOME Gene and its associated diseases 125,000 

MESH Biomedicine 12,350 

UMLS Terminology integration in life sciences 1.5 M 

Table 1 "Existing ontologies and their respective domains" 

 

The above tables lists few of the most commonly used ontologies around the world in 

biomedical domain. The table mentions the respective ontology’s specific domain and the 

number of concepts covered by the ontology. The biggest of which is  

Unified Medical Library Systems (UMLS) in terms of coverage of concepts [33]. 

 

2.4.1 Existing Disease-Symptom Ontologies: 

D-S relations are of the most importance in bioinformatics but the databases that catalog 

these relationships are incomplete in contrast to the available state of the art biomedical 

literature [Mohsen Hassan et al., 2015]. D-S relations provide details of diseases that can 

provide guidance to diagnosis systems for clinical care but the databases cataloging this relation 

are incomplete. Common among the databases that catalogs D-S relationship are “OrphaData” 

and “OMIM” [Köhler et al., 2014]. 

2.4.2 Symptoms Ontology (SYMP):  

SYMP was founded by University of Maryland’s institute of Genome Sciences in 2005. 

Currently it consists of 900 plus symptoms. Its hierarchy is categorized through broad headings 

like physical symptoms, digestive symptoms and so on and ending with root level symptoms 

related to the diseases from the broad headings. 

2.5 Related Work: 

[1] Cho-Tsan Bau and his colleagues came up with a decision support system for diabetic 

patients in a hospital setting through reasoning rules and surgery domain based ontology. 

Protégé was used as the editor to implement the ontology. It was based developing technique 

for ontology that included steps: conceptualizing, formulation, implementing, evolving and 

maintaining the created ontology. The reasoning rules were translated into JENA format and 

were used to recommend best procedures for a specific patient’s clinical situation. It formed a 

hybrid system based on evidence from the ontology and evaluation through the decision 

support system. 
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[2] Yiqun Chen and his colleagues focused on the problem regarding data harmonization using 

ontology through expert validation. It states that ontologies should be created with reference to 

experts due to change in standard by crossing jurisdiction as well legacies and interpretation of 

the data. This research focuses on the data analytics and its necessity in standard ontology 

formation for the sake of reusability. Focusing on importance of experts involvement in 

defining concepts and linking them to each other.  

[3] Wang Y. and his colleagues worked on drug-induced liver injury (DILI) to identify chronic 

and acute liver diseases that had no standard concepts. They identified drugs extracting them 

clinically and created their histopathological description by conducting biopsies of around 1080 

samples. They used Metamap from UMLS to analyze these findings. And were mapped into 

SNOMED CT.  

 [4] Sadia Hafeez and her colleagues presented an ontology on the breast cancer domain with 

UMLS as data source. They focused on basic concepts and relations between different types 

and subtypes of breast cancer, with its coverage ranging between 14 main types and 92 subtypes 

of breast cancer. They targeted 101 broad relations and 254 more specific relations in their 

research work. 

[5] Bureera and her colleagues created an ontology for urinal tract infection. Their research 

focused solely on development of an ontology with UMLS as data source. Their coverage 

included definition, relations, semantic types and synonyms. Their ontology’s further 

evaluation was carried out but domain experts to measure its correctness and effectiveness. 

[6] Reham Faisal Alhari and his colleagues worked decision support system based on ontology 

for diabetes diagnosis. This research resulted in a treatment plan on the basis of diabatic type 

of a patient on the basis of their personal information, risk factors, signs or symptoms and lab 

results in accordance to Clinical Practice Guidelines (CPGs). Their ontology is developed in 

OWL-DL and the rules are written in SWRL with JESS used for execution. 

 [7] T. H. Akila and her colleagues worked on Service Discovery on the basis of ontology for 

Intelligent Big Data Analytics. This ontology-based generation method focuses on automating 

by considering the planning stage to identify applicant services for abstract tasks in specific 

workflow. 

https://www.sciencedirect.com/topics/medicine-and-dentistry/toxic-hepatitis


24 

 

[8] Osama Mohammed and his colleagues worked on the formation of  a D-S ontology for 

medical diagnosis. Their algorithm focuses on merging existing disease and symptom ontology 

to link them formulating a core “diseases symptoms ontology (DSO)” scaling up to a number 

of symptoms and diseases. At present the research is only limited to a few diseases and their 

respective symptoms. 

[9] Heiner Oberkampf and his colleagues worked on creating a missing link between symptoms 

and diseases. They built a model for D-S relations. By reusability of the existing ontology 

mappings, propagating the semantic type information of disease and symptom through 

ontologies. Similar semantic type diseases and symptoms were clustered and object properties 

are mapped for those clusters based on their relations. 

[10] XueZhong Zhou and his colleagues worked on a human symptoms–disease network to 

study the relation between different diseases having similar symptoms and investigation into 

the connection between clinical occurrence of the diseases and their basic molecular 

connections. The data source used was PubMed bibliographic ontology. 

[11] Le-thuy T. Tran and his colleagues worked on manipulating UMLS Metathesaurus for 

extraction and categorization of concepts showing signs and symptoms that automatically 

relate to a specific organ systems. The data source of this research is semantic type “Sign or 

Symptom” field present within the UMLS Metathesaurus. 

[12] Mohsen Hassan and his colleagues worked on mining D-S relations from dependency 

graphs through syntactic pattern learning. It introduces a way to automate the mining of D-S 

relation from text known as SPARE. It was tested on a corpus consisting of abstracts from 

PubMed related to rare diseases.  

 [13] MICHAEL J. GROVE used data set UMLS and built an Ontology for Rehabilitation of 

Traumatic Brain Injury. This ontology contains data from UMLS to the domain of brain injury 

[14] John D Osborne et.al castoffed Unified Medical Language System for discovering the 

genetic and the disease relations. They established the research paper containing the 

clarifications that the developed ontology has an evaluated accurateness in identifying the 

disease with the help of matching synonym. 
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[15] Marc Ehrig with his colleague worked on mapping ontologies in this paper. They 

determined similarity through rules that were encoded by ontology experts. Those rules were 

combined for one overall result.  
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CHAPTER 3:  PROPOSED METHODOLOGY & 

IMPLEMENTATION 

The research aims to develop an ontology for liver diseases using UMLS as data source. 

The goal of this research is to link liver diseases to its respective symptoms and define relation 

among different diseases, definitions and identifying their synonyms available in multiple 

medical databases integrated within UMLS. This ontology uses RDF triplets to create links 

between concepts and define their relations and properties. Protégé is used for the creation and 

visualization of this ontology for liver diseases.  

 

Figure 1 “Flow chart of the methodology” 

The figure above shows the steps that should be followed in order to create an ontology. 

First the data is selected. Then the data is extracted from that data source and loaded into the 

database. The data is then indexed and loaded into a tool for further processing. After the data 

is loaded into ontology creating tool, its concepts are mapped into the classes and properties 

with respect to the ontology domain. The resultant ontology is formed in the form of OWL 

files and mappings in the form of OBDA files.  

3.1 UMLS as data source: 

The following steps are carried out in order to extract data from UMLS in MySQL 

database: 
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3.1.1 Data Gathering, Extraction & Loading  

The data is extracted from UMLS repository and converted to Rich Release Format 

(RRF) files in the steps below: 

1. Download zipped file of UMLS full release that include Metathesaurus, 

semantic network and lexical specialist. 

2. Configure MetamorphoSys to extract data. 

3. Select rich release format as output for relation Metathesaurus release 

format. 

4. Copy database load scripts to hard drive for generation of textual files to 

load them into database. 

 

 

Figure 2 “Process of extracting and loading data into database” 

The figure above explains the process of extracting data from UMLs and loading it into 

the database. The data is loaded into tables through batch scripts and indexed . 

3.1.2 Data Indexing  

Once the data is extracted from the UMLS files in rich release format and data is 

loaded into the database using batch scripts within these RRF files, the next step in to index 

this data. To index the database tables, SQL batch scripts available in the RRF files are 

executed. This increases the overall efficiency of the database and quick response of the 

tables to SQL queries. 
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Figure 3 "Batch script for indexing" 

The figure above shows a batch script for indexing the table “LRAGR”. It shows the 

indexing scripts for each attribute within the table. 

 

3.1.3 Relationship Mapping & Ontology Creation  

We use the  concept unique identifiers (CUI) associated to each disease to query the 

large amount of data available within the UMLS. These CUIs are used to identify the relations, 

definitions and synonyms for the diseases but they are also used to find the semantic types for 

the concept. Semantic type classifies the concepts into categories depending on their 

characteristics. A concept with semantic type T033 is a sign/symptom, whereas a concept with 

semantic type T047 is a disease or syndrome. After the concepts are identified they are mapped 

according to the properties and relations to other concepts through queries within protégé. The 

mapping identifies all the concepts that are linked to liver diseases narrow or broad. The data 

in UMLS is divided into three different parts based on their format namely: Metathesaurus, 

semantic network and lexicon specialist. When the data is extracted from UMLS three 

directories are formed each containing RRF files of their own. The directories are META, NET 

and LEX.  
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Figure 4 “List of Metathesaurus RRF files” 

 

    

3.1.4 Data Access  

Data is access into the ontology through user interface in protégé. The database is 

connected to protégé and queries are used for data retrieval based on the CUIs for liver diseases. 

The queries include retrieval of definitions, relations, symptoms and synonyms with the help 

of CUIs. 

 

3.2 Importing data into Protégé and ontology creation 

The steps to import data from database into protégé are as following: 

 

3.2.1 Making connection of database and protégé: 

The database is connected through a tab in the windows named ontop mapping. 

“Window->Tabs->Ontop Mappings”. In the data source manager view values are assigned 
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to the parameters in order to create a working connection. Following attached screenshot shows 

a working connection of database to protégé.  

 

 
Figure 5 “Establishing connection to database in Protégé” 

 

The above figure shows that a connection is established between the database named 

“cld_database” and protégé tool. A message is displayed after successful connection. 

 

3.2.2 Querying database in protégé: 

The data is access through queries by selecting the tables of database in the mapping 

assistant tab of ontop mappings. The fields required from the tables are selected and triplets are 

created according to usage of the data. The following screenshots explains the steps to data 

access from the database table “MRDEF” in the SQL query editor. Results for the query are 

displayed in SQL Query Result tab and it 
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Figure 6 “Querying database in protégé” 

The above figure shows a query editor where database can be accessed via SQL queries.  

 

3.2.3 Creating mapping triplets: 

The resultant data from the query is converted into triplets in the mapping assistant tab. 

The fields are assigned values as per the screenshot attached. 

 

 
Figure 7 “Mapping data into RDF Triplets” 

 

In the above figure the subject IRI template contains the CUI for the targeted disease. 

The rdf:type (optional) contains the targeted class. Add new property mappings contains the 

property and the fields that contains values to those properties. The created mappings are stored 

in “OBDA” file.  
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Figure 8 “Resultant RDF Mapping” 

 

 

The figure above shows that a mapping is created successfully. In this mapping a triplet 

is created where the targeted field is CUI on basis of which the mapping was created whereas, 

a definition and the source of that definition are saved in the triplet corresponding to it. It also 

shows that the mapping belongs to liver diseases class. 
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CHAPTER 4:  RESULTS AND DISCUSSION 

4.1 Extracting data from UMLS data: 

4.1.1 Connecting databases to extract data: 

 
Figure 9 “Assigning Values To Database Parameters” 

 

The above figure shows the list of parameters that are edited in the batch script within 

the UMLS extracted data to create a connection to an already existing database. 

 

4.1.2 Executing batch scripts to populate tables: 

The database is populated with extracted files from the UMLS are 48.03 GB in size 

which is further populated in 72 tables in the database. The files are in Rich Release Format 

(RRF) files in three different directories namely LEX, META and NET.  

LEX directory contains lexical specialist related files. The lexical tables populated onto the 

database tables are in the file named “mysql_lex_tables.sql”. After executing the batch script 

14 tables are created in the database.  
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Figure 10 “Batch script from mysql_tables.sql populating MRDEF table” 

The above figure shows load scripts for creating tables in database. This specific batch 

script creates MRDEF table from MRDEF.RRF file and every attribute of the table is created 

and values are assigned from the file. 

 

The META directory contains files related to the Metathesaurus. Loading and indexing 

of these files is through running the batch scripts within a file named “mysql_tables.sql” in the 

same directory. The tables created in the database are 51.  

The NET directory contains files related to the semantic network. Loading and indexing 

of these files is through running the batch scripts within a file named “mysql_net_tables.sql” 

in the same directory. The tables created in the database are 7. 
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4.2 Classes and Class Hierarchy:  

The following figure shows class hierarchy of liver diseases: 

 

 
 Figure 11 "Classes Liver Diseases" 
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Figure 12 "Sub-Classes of Liver Diseases" 
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Figure 13 "Sub-Classes of Liver Disease" 

 
Figure 14 "Sub-Classes of Liver Disease" 

The above figure explains the hierarchy of liver diseases and its subtypes. The diseases 

are classified based on their relation as child node or parent node to CUIs. A single disease can 

be classified into more than one class and therefore it can be added to multiple classes. 
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For symptoms connecting to specific liver disease focus in on two things mainly, first, 

a symptoms ontology containing all the symptoms and secondly, experts to link the diseases to 

the respective symptoms. The symptoms ontology of Institute for Genome Science, School of 

Medicine under University of Maryland is used in this thesis.  

 
Figure 15 "Symptoms Ontology Generic View" 

 

Figure 16 "Symptoms Sub-Classes" 
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Figure 17 "Symptoms Sub-Classes" 

 
Figure 18 "Symptoms Sub-Classes" 
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This figure above shows symptoms ontology hierarchy of the symptoms ontology 

created by institute of genome sciences in Maryland university. The symptoms are classified 

on the basis of human body systems and networks as well as general symptoms. The reason 

being its classification containing liver diseases symptoms as well as general symptoms. The 

hierarchy of general symptoms in the symptoms ontology. It shows the classes and subclass 

based on generic symptoms that are commonly occurred with other symptoms of a specific 

disease. This figure shows the existence of liver diseases symptoms in the disease ontology and 

their presence within the digestive system symptoms. 

 

4.3 Merging ontologies: 

Following are the steps for merging ontologies in Protégé. Second ontology being the 

symptoms ontology and first ontology be the liver disease ontology. The resultant ontology has 

liver diseases class as domain and symptoms class as rang. 

 

 
Figure 19 “Steps for merging ontologies” 

The figure above shows steps to follow in protégé to merge to existing ontologies and 

their resultant ontology is a merged ontology with a single file. The OBDA files for both 

ontologies must be present. 
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Figure 20 “Merged Liver Ontology and Symptoms Ontology” 

 

The figure above shows a resultant ontology after the merge. The red line shows that 

symptoms class has liver diseases class as its domain.  

 

 

 
Figure 21 "Liver Diseases and its Subtypes" 
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The figure above shows classes and subclasses of liver diseases and their relation to 

each other. The overlapping lines show that the subclass belong to more than one class.  

 

 
 

Figure 22 "Chronic Liver Diseases" 

 

The figure above shows a view of the chronic liver diseases that is a subclass of the 

liver diseases ontology. It shows the diseases that can be classified as chronic liver diseases. 
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Figure 23 "Symptoms for Liver Diseases" 

 

 

The figure above shows symptoms general as well as liver diseases that are associated 

with the 88 types and subtypes of liver diseases. These symptoms are divided into categories 

based on their nature. 
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Figure 24 "Symptoms only associated with Liver Diseases" 

The figure above shows symptoms that are only associated with liver diseases and not 

linked to diseases of other human bodies apart from liver. 

 

4.4 Coverage: 

The below queries specify coverage of the ontology by highlighting the relations 

between liver diseases among themselves as well as to other diseases. Narrow relations refer 

to children of that node, parent of that node and siblings of the node. Where as broad relations 

refer to extended nodes within the tree. 

4.4.1 Broad Relations: 

The query below when executed results in records of data based on attribute REL that 

is relation and value is set to RB that is broad relation.  

 

SELECT `CUI1`, `AUI1`, `STYPE1`, `REL`, `CUI2` from `cld_database`.`mrrel` WHERE 

CUI1='C0001308' AND REL='RB' 
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4.4.2 Narrow Relations: 

The query below when executed results in records of data based on attribute REL that 

is relation and value is set to RN that is narrow relation.  

 

SELECT `CUI1`, `AUI1`, `STYPE1`, `REL`, `CUI2` from `cld_database`.`mrrel` WHERE 

CUI1='C0001308' AND REL='RN' 

 

 

4.5 SQL Queries and their mappings: 

 

The SQL queries mentioned below refers to object properties of the classes.  

4.5.1 Query for Definition: 

The query below after execution results in a list based on the CUIs. It is used to retrieve 

definitions for a specific disease as well as the source of that definition. 

 

SELECT `CUI`, `SATUI`, `SAB`, `DEF` from `cld_database`.`mrdef` WHERE CUI=' 

C0010398' 

4.5.2 Query for Synonyms: 

The query below after execution results in a list based on the CUIs. It is used to retrieve 

synonyms based on that concept unique identifier. 

 

SELECT DISTINCT `LAT`, `NSTR`, `CUI`, `LUI`, `SUI` from `cld_database`.`mrxns_eng` 

WHERE CUI=' C0010398' 

 

4.5.3 Mapping corresponding to definition query: 

 

4.5.4 Mapping corresponding to synonyms query: 
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4.5.5 Mapping corresponding to relation query: 

 

4.5.6 Mapping for Relation type Broad: 

 

4.5.7 Mapping for Relation type Narrow: 

 
 

4.6 OWL Files 

4.6.1 Owl file class for Cruveilhier-Baumgarten Syndrome: 
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4.6.2 Owl file class for Alagille Syndrome: 

 
 

4.7 Discussion 

The developed ontology can be used as a backend data source for clinical decision 

support systems. Moreover, a rule based expert system on liver diseases can be developed from 

this ontology. In addition to this, a complete machine-readable encyclopedia can be developed 

which can be queried in a very accurate and easy-to-read way. In consideration, of the 

availability of a few reliable sources other than UMLS we could have gone a bit further and 

would have extended the coverage of our ontology, but effective knowledge modelling of our 

ontology was preferred over increasing the sample-space and incorporating the data from these 

other sources into our well modelled base is now left as a future work.  

 

Concept Name Concept Identifier Concept Relations 

Liver Disease C0023895 47 

Alcoholic Liver Disease C0023896 20 

Alcoholic Hepatitis C0019187 16 

Fatty Liver  C0015695 18 

Liver Cirrhosis Alcoholic C0023891 13 

Budd-Chiari Syndrome C0856761 11 

Chronic Liver Disease C0341439 13 

Cholemic Nephrosis C0699858 10 

Chronic Nonalcoholic Liver 

Disease 

C0221388 4 

Hepatorenal Syndrome C0019212 7 

Hepatic Encephalopathy C0019151 14 

Hepatocellular Carcinoma C2239176 15 
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Other Chronic Nonalcoholic 

Diseases 

C0029546 9 

Reye Syndrome C0035400 9 

Wilson Disease C0019202 11 

Cruveilhier-Baumgarten 

syndrome 

C0010398 2 

Focal Nodular Hyperplasia C0333980 2 

Hepatic Coma C0019147 10 

Hepatic Necrosis C0151798 8 

Acute and Subacute Liver 

Necrosis 

C0001308 10 

Anicteric Type B Viral 

Hepatitis 

C0276615 3 

Diffuse Hepatic Necrosis C0267794 1 

Focal Hepatic Necrosis C0267800 2 

Hepatic Infarction C0151731 8 

Necrosis Of Liver In 

Pregnancy 

C0269676 2 

Peripheral Hepatic Necrosis C0267802 3 

Periportal Hepatic Necrosis C0546389 1 

Hepatic Porphyria C0162533 4 

Hepatic Tuberculoses C0041313 2 

Hepatic Veno-Occlusive 

Disease 

C0019156 5 

Hepatitis C0019158 55 

Acute Hepatitis C0267797 7 

Fulminant Hepatitis C0302809 3 

Alcoholic Hepatitis C0019187 16 

Cholestatic Hepatitis C0149904 8 

Chronic Hepatitis C0019189 19 

Cytomegalovirus Hepatitis C0276252 2 

Drug Induced Hepatitis C1262760 1 

Granulomatous Hepatitis C0235369 2 

Hepatitis Due To Acquired 

Toxoplasmosis 

C0276802 1 

Hepatitis Due To Infection C0400894 4 

Hepatitis E Without Mention 

Of Hepatic Coma 

C0153088 3 

Hepatitis Toxic Obstructive C0235373 3 

Lobular Dissecting Hepatitis C0267828 1 

Lupus Hepatitis C0267807 1 

Malarial Hepatitis C0276835 2 

Mumps Hepatitis C0153096 1 

Neonatal Hepatitis C0027613 4 

Noninfectious hepatitis C0679412 4 

Oriental Cholangiohepatitis C0267921 2 

Phlebitis Of Portal Vein C0034192 2 

Portal Triaditis C0040860 1 

Radiation Hepatitis C0267793 2 
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Toxic Hepatitis C0019193 5 

Viral Hepatitis C0042721 26 

Epstein-Barr Virus Hepatitis C0554114 1 

Hepatosplenomegaly C0019214 6 

Osteopetrosis C0029454 20 

Intrahepatic Cholestasis C0008372 8 

Alagille Syndrome C0085280 4 

Biliary Cirrhosis C0023892 7 

Cholangiolitis C0008308 1 

Liver Abscess C0023885 3 

Liver Failure C0085605 21 

Liver Neoplasms C0023903 16 

Neonatal Jaundice C0022353 11 

Maroteaux-Lamy Syndrome C0268218 3 

Trichohepatoenteric 

Syndrome 

C1857276 1  

Peliosis Hepatis C0030781 4 

Zellweger Syndrome C0043459 9 

Total count of related concepts 570 
Table 2 "Liver Diseases, their Unique Identifiers and number of related concepts" 

The created ontology comprises facts on relations and semantic types for 88 categories 

of liver diseases including 31 main types and 57 subtypes. The number of related concepts to 

these 88 categories are 570. 

 

 

4.7.1 Comparison to existing knowledge base 

KB Domain Source Size Semantic 

Relations 

Causative 

factors of 

diseases 

Proposed 

Ontology  

Liver 

Diseases, 

Definitions, 

Relations, 

Synonyms 

and 

Symptoms 

UMLS 88 types of 

liver 

diseases and 

570 related 

diseases 

concepts 

Included Included 

OMIM genes, 

genetic 

disorders, 

including 

phenotype 

description 

and body 

parts 

Manually 

generated by 

scientists and 

physicians 

~18,597 

genes 

Contains 

relations of 

specialized 

context, e.g. 

relations 

between 

genotype and 

drug response 

phenotype 

Contains 

causes of 

specified 

perspective, 

e.g. 

contains 

genetic 

factors 

which can 
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contribute 

to a disease 

MeSH General 

medical 

subjects for 

indexing 

articles for 

PubMed 

database 

PubMed 

publications 

~25,186 

entities 

Not included Included as 

a separate 

entry term 

Diseasome Human 

disease 

network 

OMIM >4,213 

diseases, 

>91,182 

genes 

Contains 

relations of 

specialized 

context 

Not 

included 

FMA Human 

anatomy 

UMLS 120,000 

concepts 
Included Not 

included 
Table 3 "Comparison between existing Knowledge Bases" 

 

The above table lists different ontologies in biomedical domain. Their domains are 

specified and a detail of their coverage is mentioned. The basis on which they were created are 

listed under the data source category. The semantic coverage along with causative factors are 

the key factors to determine their quality apart from coverage. 

 

We have also carried out a comparison between existing liver disease ontologies. The results 

are shown in the table below. 

 

 

Ontology Data 

Source 

Definition Synonyms Relations Symptoms 

Our 

Ontology 

UMLS ✓ ✓ ✓ ✓ 

Ontology of 

liver for 

radiology 

UMLS   ✓  

Disease 

Ontology 

MeSH  ✓ ✓  

Symptoms 

Ontology 

NCBI    ✓ 

Human 

Disease 

ontology 

NCBI ✓ ✓ ✓  

Table 4 "Comparison between our ontology and other existing liver ontologies" 

The table above shows a comparison between existing liver ontologies and our liver 

disease ontology. The stated ontologies for comparison lack disease symptom relation. The 

focus is entirely on diseases or entirely on symptoms. We as our ontology not only 
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encompasses the relation between symptoms and diseases it also states proper relation of liver 

diseases to other diseases.  
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Chapter 6 

   Ontology Evaluation 
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CHAPTER 5:  ONTOLOGY EVALUATION 

5.1 Expert evaluation: 

The 5-point like scale is used to evaluated expert opinion about the newly developed 

ontology. A group of 10 general physicians and 5 internal medicine specialists evaluated the 

ontology. This survey covered the domain coverage as well as the correctness of the ontology. 

5.1.1 Disease Domain Coverage: 

 
This question emphasizes on the coverage of liver disease domain defined in the 

proposed ontology. Among the domain experts 59% strongly agreed, 24% agree, 10% 

remained neutral while the remaining 7% suggested improvement to make the domain wider. 

 

Disease Domain Coverage

Strongly Agree

Agree

Neutral

Disagree

Strongly Disgree
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5.1.2 Symptoms Domain Coverage: 

 
This question emphasizes on the coverage of symptoms domain defined for liver 

diseases in the proposed ontology. Among the domain experts 47% strongly agreed, 38% agree, 

4% remained neutral while the remaining 11% suggested improvement to add symptoms not 

only associated with liver and general but all symptoms related to the human body. 

 

5.1.3 Disease-Symptom Correctness: 

 
This question emphasizes on the correctness of symptoms domain defined for liver 

diseases in the proposed ontology. Among the domain experts 31% strongly agreed, 52% agree, 

10% remained neutral while the remaining 7% suggested improvement to the existing 

symptoms by introducing sub classes of symptoms. 

 

Symptoms Domain Coverage

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Disease-Symptom Correctness

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree
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5.1.4 Disease-Symptom Completeness: 

 
 

This question emphasizes on the completeness of symptoms with respect to liver 

disease domain in the proposed ontology. Among the domain experts 38% strongly agreed, 

33% agree, 15% remained neutral while the remaining 13% suggested improvement to the 

existing symptoms. The suggested to add detailed symptoms and explore maximum symptoms 

for each disease be they generic or linked to other organs as well. 

 

5.1.5 Broad Relation Coverage: 

 
 

This question emphasizes on the coverage of broader relations defined in the proposed 

ontology. Among the domain experts 24% strongly agreed, 35% agree, 20% remained neutral 

Disease-Symptom Completeness

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree

Broad Relation Coverage

Strongly Agree

Agree

Neutral

Disagree

Strongly Disagree
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while the remaining 21% suggested improvement to the broader relations. The existing 

relations do no cover the relation of liver diseases to the entire human body.  

 

5.1.6 Narrow Relation Coverage: 

 
This question emphasizes on the coverage of narrow relations defined in the proposed 

ontology. Among the domain experts 57% strongly agreed, 25% agree, 11% remained neutral 

while the remaining 7% suggested improvement to the narrow relations.   
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5.1.7 Definition Coverage: 

 

 
This question emphasizes on the coverage of definition defined in the proposed 

ontology. Among the domain experts 68% strongly agreed, 24% agree, 6% remained neutral 

while the remaining 2% suggested improvement through adding multiple languages other than 

English. 

 

5.1.8 Synonyms Coverage: 
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This question emphasizes on the coverage of synonyms defined in the proposed 

ontology. Among the domain experts 63% strongly agreed, 29% agree, 2% remained neutral 

while the remaining 6% suggested improvement through adding more languages. 
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CHAPTER 6:  CONCLUSION & FUTURE WORK 

This chapter deals with an overview of research, conclusion covered in Section 5.1 

whereas future work in section 5.2 

6.1 Conclusion 

In this research, I presented the complete procedure to develop biomedical ontology 

which contains complete coverage of domain knowledge with respect to Liver Disease. Inside 

the domain of biomedicine previously, there were abundantly present knowledge resources. 

After going through an overview of the contemporary art of existing knowledge collections of 

general as well as biomedical domain, we noticed that none of them was capable of providing 

certain level of details regarding different causative factors of diseases at one place through 

one core KB, without focusing on a specialized context. So, this gave birth to this idea of 

creating a core KB, that can provide integrated knowledge regarding, diseases, symptoms. 

The core KB was achieved by extracting data from UMLS and sorting out through it 

on the basis of CUIs. These CUI formed a list of diseases related to liver and formed the basis 

of our ontology creating classes for the diseases stated above. Their definitions, synonyms and 

relationship type with other diseases are explored creating triplets from the data to form 

machine-readable context of the vast data. Liver Disease ontology unlike other ontologies not 

only focus on disease’s definition, synonyms and relationship type but also focuses on disease-

symptom relation. 

A disease symptom relation is created using existing symptoms ontology namely, 

Symptom Ontology (SYMP). The ontology developed by us namely Liver Disease Ontology 

and Symptom Ontology by the Genome Sciences are merged and through experts opinion the 

link from diseases was created to its respective symptoms. Resulting into a new ontology 

having disease-symptom relation along with definition, synonyms and relationship types 

triplets in “.obda file”, classes, subclasses, annotation properties, object properties and datatype 

properties in “.owl file”. 

6.2 Future Work: 

In future, I would create a web application where the ontology is made available to 

clinical personnel. As well as graphical representation of the data which explores relations of 

a single disease to multiple other diseases. Also linking symptoms and diseases from on organ 

of the body to another. The ontology would be accessed by the web application through Java 
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API namely OWLAPI for this purpose. Furthermore, the ontology can be extended to multiple 

languages through the UMLS multilingual platform that gives access to biomedical data in 

multiple languages.  

 

 
Figure 25 "Reading OWL file through OWL API" 
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