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Abstract 
 
 
With the growth of information stored over Internet, especially in the biological field, 
and with discoveries being made daily in this domain, scientists are faced with an 
overwhelming amount of articles. 
Reading all published articles is a tedious and time-consuming process. Therefore a 
way to summarise the information in the articles is needed. A solution is the 
derivation of an ontology representing the knowledge enclosed in the set of articles 
and allowing to browse through them. 
 
In this thesis we present the tool Ontolo, which allows to build an initial ontology of a 
domain by inserting a set of articles related to that domain in the system.  
The quality of the ontology construction has been tested by comparing our ontology 
results for keywords to the ones provided by the Gene Ontology for the same 
keywords.  
The obtained results are quite promising for a first prototype of the system as it finds 
many common terms on both ontologies for just a few hundred of inserted articles. 
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Chapter 1 
 
Introduction 
 
 
This project constitutes a new study on ontologies at Linköping University. In 
previous work, research has been focussing on biological databanks studies [24], on 
the evaluation of ontology development tools [23] and on the evaluation of ontology 
merging tools [25]. Furthermore a merge algorithm program for merging DAM+OIL 
Ontologies and a web-based interface have been set up [11,26]. 
 
 
1.1 Motivation 
 
The development of the Internet has led to the on-line availability of a huge amount of 
articles in the biomedical domain. Nowadays, when a scientific article is published, it 
is also stored in electronic format in many search engines. So to search through those 
information retrieval systems, scientists who do not often have computer science 
background can encounter difficulties, as they may not find the desired articles they 
want to read when querying such systems. They may make queries that will not 
express efficiently and accurately their needs and so be faced with overwhelming 
results. In this manner, network bandwidth and time are wasted.  
 
There is a real need for the user to be able to know from a set of retrieved documents 
which ones are interesting to him, meaning what they deal with, in a fast way. To 
achieve this goal, the construction of an ontology representing a summary of the 
knowledge among the corpus of texts is a solution. The ontology generated can be 
used to browse through the whole set of documents. 
 
In this thesis we describe the tool Ontolo that we have developed that allows the 
construction in a semi-automatic way of an ontology from a set of documents 
retrieved on the PubMed search engine. It first extracts and stores the main knowledge 
enclosed in each article given by the user and then in a second step constructs the 
ontology by analysing the stored extracted information. 
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1.2 Overview 
 
In Chapter 1, we have described the purpose of this thesis. In Chapter 2, we present 
the background definitions related to this work to give the reader the elements to 
better understand the problem to solve. We first present text mining, information 
retrieval and information extraction. Then we briefly explain what is a hybrid 
analysis. And finally we give the definition and components of an ontology. 
In Chapter 3, we propose the problem description and the corresponding requirements 
at the interface and programming levels. We pursue with the analysis of the 
requirements to finally derive the system specification.   
Then follows the implementation part in Chapter 4 with the overall architecture 
presentation and a description of its main component as well as the different 
techniques used by the system. Those techniques are related to the background 
definitions given in Chapter 2.  
Then we propose a methodology to use the created tool for the user supported by 
screen shots of the system. 
In chapter 6, we present some related works that has led to ontology construction from 
texts: TERMINAE and TextToOnto.  
Next in Chapter 7, we need to evaluate the system so we define the evaluation criteria 
of the system and process the evaluation. 
Finally, Chapter 8 is dedicated to the conclusion of the work and proposes some 
possible future work. 
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Chapter 2 
 
Background 
 
2.1 Text Mining 
 
Text mining, also known as text data mining or knowledge discovery from textual 
databases, refers generally to the process of extracting interesting and non-trivial 
patterns or knowledge from unstructured text documents. It can be viewed as an 
extension of data mining or knowledge discovery from (structured) databases. [47] 
The information extracted might be the author, title and date of publication of an 
article, the acronyms defined in a text or the articles mentioned in the bibliography. 
[1] 
 
The most natural form of storing information is text. However text is inherently 
unstructured, as it is words put together to constitute sentences with subject, verb and 
object, then sentences arranged to constitute paragraphs and finally paragraphs 
ordered as to create a text. This makes text mining a complex task as it involves 
dealing with such text data. The complexity stands in the fact that it needs to find a 
way to process such data with no simple structure to rely on. 
Text mining tools provide an overview of textual corpora helping the user to discover 
hidden and meaningful knowledge, to find out similar or related information. 
 
Text mining is a multidisciplinary field, involving information retrieval, text analysis, 
information extraction, clustering, categorization, visualization, database technology, 
machine learning, and data mining. 
 
2.2 Information Retrieval 
 
According to [48], in information retrieval, keywords are used to select relevant 
documents from some corpus. Furthermore, they add in [48] that Information 
Extraction can easily post-process Information Retrieval output. 
Information retrieval allows the user to retrieve documents based on a keyword-search 
from a set of unstructured texts. To overcome the absence of structure during the 
retrieval process, the word frequencies within the document and the number of time  
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the words appear in the set of all documents are taken into account, this giving the 
possibility to rank the documents according to their estimated relevance.  
 
2.3 Information Extraction 
 
According to [48] Information extraction (IE) is an application of natural language 
processing that takes a piece of free text and produces a structured representation (a 
template consisting of slots to be filled) of the points of interest in it. This 
representation can then be easily transformed to a database record, a row in a table, or 
some other convenient notation. The input text is syntactically and semantically 
analysed to locate the entities of interest and the properties ascribed to them, which 
are then extracted and used to fill in the template slots. 
 
Many researches have been done in IE for bioinformatics for the extraction of protein 
names [e.g. 18, 13, 14, 22, 3], nuclear receptors [2], interaction between proteins [e.g. 
7, 34, 39, 48], gene products [48], relationships between the proteins and gene 
products [43], extraction of gene names [43, 10]. 
 
For example, for the extraction of interaction between proteins, in [7], the user 
specifies protein names and the system uses a set of verbs that represent actions 
related to protein interaction. Then simple rules established with a parser allow the 
identification of pieces of text containing names and actions. The interactions are 
deduced according to their order of appearance. 
In [43], they state that the interaction between genes is usually expressed by 
frequently seen verbs of the biological domain. So by selecting the most frequently 
seen verbs from Medline abstracts and trying to find the corresponding subject and 
object terms corresponding to the verbs, they can find the interaction between the 
genes. 
 
In those projects, researches have all been focusing on the extraction of something 
predefined.  
 
2.4 Hybrid analysis of texts for Information 
Extraction 
 
The hybrid analysis approach is a combination of statistical and knowledge-based 
analysis. 
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2.4.1 Statistical analysis 
 
In [32], Luhn suggested measuring the significance of a word by its frequency, under 
the assumption that a writer normally emphasizes an aspect of a subject by repeating 
certain words related to it. He also observed that words of very high frequency are too 
common to be significant, therefore used a statistically determined cut-off frequency 
to eliminate these words. 
The statistical approach [32, 12, 42] infers topics of texts from term frequency, term 
location, term co-ocurrence, etc., without using external knowledge bases such as 
machine-readable dictionaries. 
 
2.4.2 Knowledge-bases approach 
 
The knowledge-based approach [28,19] relies on a syntactic/semantic parser, 
knowledge bases such as scripts or machine-readable dictionaries, etc., without using 
any corpus statistics.  
 
2.4.3 Hybrid approach 
 
The hybrid approach [29,17] combines the statistical and knowledge-based 
approaches in an attempt to take advantage of the strengths of both approaches and 
thereby to improve the overall system performance. 
 
2.5 Ontologies 
 
2.5.1 Definition 
 
An overview of definitions of ontology is given in [27]. 
Looking for an ontology definition is not an easy task, first you realised that the term 
“ontology” comes from philosophy and means: “A systematic account of Existence” 
[16]. 
 
Another definition taken again from philosophy defines it as: “An explicit formal 
specification of how to represent the objects, concepts and other entities that are 
assumed to exist in some area of interest and the relationships that hold among them”. 
With this definition we got a better idea of what it is. 
Within Artificial Intelligence (AI) we find several definitions of ontology. 
In [38], they give this definition: An ontology defines the basic terms and relations 
comprising the vocabulary of a topic area, as well as the rules for combining terms 
and relations to define extensions to the vocabulary. 
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Another definition of ontology that many articles refer to is the one of Gruber 
completed by Borst:   
“a formal, explicit specification of a shared conceptualization” (Gruber 1993, Borst 
1997). 
 
To better understand that last definition, an explanation of the different terms 
constituting the definition is proposed by [45]:  “Conceptualization refers to an 
abstract model of some phenomenon in the world by having identified the relevant 
concepts of that phenomenon. Explicit means that the type of concepts used, and the 
constraints on their use are explicitly defined. Formal refers to the fact that the 
ontology should be machine-readable. Shared reflects the notion that an ontology 
captures consensual knowledge, that is, it is not private to some individual, but 
accepted by a group”. 
 
To conclude with the ontology definition we can say that several definitions of 
ontology exist in the literature and that they all give their point.  
The main idea of an ontology is that it provides the understanding of a domain and the 
meaning of the terms and the relations between and among them.  The knowledge 
derived from the ontology can be shared and reused by applications and groups. 
 
2.5.2 Components 
 
The main components of an ontology are concepts, relations, instances and axioms 
[44].  
A concept represents a set of elements belonging to a domain. For example, a protein 
is a concept within the domain of molecular biology. We can distinguish two different 
kinds of concepts: 

• The primitive concepts only have necessary conditions in terms of their 
properties for membership of the class. 

• The defined concepts have both necessary and sufficient conditions in term of 
their description, for a thing to be a member of the class.  

 
The relations describe the relationships between concepts. They are two kinds of 
relations: 

• Taxonomies that organize concepts into subconcept-superconcept relations. 
The two main forms of taxonomies are specialization  (“is a kind of”) and 
partitive (“part of”) relationships.  

• Associative relationships that relate concepts across tree structure. There are 
several relations of this kind: Nominative Relationships, Locative 
relationships, Associative relationship or causative relationships. 
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The different elements represented by a concept are called the Instances. For example, 
a human cytochrome C is an instance of the concept Protein.  
Finally, axioms are used to constrain values for classes or instances.  
 
2.5.3 Several Levels 
 
Ontologies exist at several levels of complexity [36]: 

• A controlled vocabulary is a simple ontology that lists the concepts of a 
domain    

 
• A taxonomy is an arrangement of concepts in a hierarchy without relationship 

between the concepts, without attributes of the concepts. 
 

• An object-oriented database schema is an ontology that defines a hierarchy of 
classes, and attributes and relationships of those classes. 

 
• A knowledge-representation system is an ontology based on logic that can 

express all of the above relationships, but that can handle as well the negation 
and disjunction. 

 
2.5.4 Bio-Ontologies 
 
With the growth of biological information over Internet, a new field has been created: 
bioinformatics. 
According to [6], bioinformatics is the application of computer technology to the 
management of biological information. In that manner, computers are used to gather, 
store, analyse and integrate biological and genetic information which can then be 
applied to gene-based drug discovery and development.  
Bio-ontologies are ontologies applied to bioinformatics.  
 
According to [46], bio-ontologies applied to all organisms are useful to exchange and 
compare genome informatics. On one hand, biological domain ontology for specific 
organism is necessary to provide controlled common vocabulary for researchers 
interested in the field. In the biological domain ontology, gene, gene product, and 
biological process should be reasonably connected for covering knowledge of 
molecular genetics and genome informatics. 
Ontologies are really important in the bioinformatics field where they can be used by 
several groups to discover knowledge, use it, and share it. 
The use of ontologies in Bioinformatics has grown with the development of the Gene 
Ontology Consortium in 1998 which aim is to produce a defined controlled  
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vocabulary describing the roles of genes and proteins in all organisms. In GO, there 
are 3 distinct ontologies: biological process, molecular function and cellular 
component. Nowadays, GO ontologies have become a standard and they are used by 
many databases containing information about genes and proteins for annotation. 
 
A classification of the use of ontologies has been proposed in [21], the following 
scenarios are defined: neutral authoring, ontology as specification, common access to 
information and ontology-based search. 
 
• Neutral authoring scenario: application-neutral ontologies are developed in a 

single language, so that the knowledge enclosed can be converted, this allows 
benefits like reuse, portability and maintainability. 

• Ontology as specification scenario: In this scenario, the ontology is used as a basis 
for software specification and development. The benefits are documentation, 
maintenance, reliability, sharing and knowledge reuse. 

• Common access to information: when information is expressed in a non-
understandable format, the ontology makes the information intelligible by 
providing a shared understanding of the terms.  The benefits are inter-operability, 
and (re)use of knowledge resources. 

• Ontology-based search scenario: In this scenario, the ontology is used to query 
over information sources with the aim to improve the quality of the answers and to 
reduce the time spent searching.  

 
As a conclusion bio-ontologies are really needed in the biological field where 
discoveries are made everyday and where new names are created.  They enable the 
researcher to look for new information and to relate the new discoveries to existing 
ones. Furthermore, by using notions being added to the ontology, a researcher can 
always keep in touch with them without having to look at all new articles published. 
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Chapter 3 
 
Requirements, Analysis and Specifications 
 
3.1 Problem description 
 
The main goal of the project is to create a tool that will allow the user to extract 
information stored in a large collection of texts. The text collection will be found on 
some search engine on Internet by specifying some keyword. A view of the main 
content of a set of articles as well as the relations between them need to be proposed 
to the user. This view needs to be related to the keyword that was used to find the text 
collection. In that way the tool will exempt the user to read all articles to understand 
what they deal with and therefore to save her time as she can rely on the system and 
on the representation of the information content provided. Furthermore by storing 
domain information in the system, the user will have the opportunity to discover more 
and more knowledge of the domain. 
 
3.2 Requirements 
 
The system needs to fulfil some requirements at the interface and programming levels. 
 
3.2.1 Interface requirements 
 

• The main function of the tool is to display the information contained in a large 
collection of texts; meaning to derive an ontology for a domain based on the 
set of articles.  

• The system should be able to accept articles as input texts to be analysed. As 
the main repository of scientific texts in the biomedical domain is stored on 
the PubMed website, we take articles from this website for testing. 

•  The system is designed to help the scientist during their research. Those 
scientists do not often have a computer science background. So one 
requirement is to make a user interface as simple and comprehensible as 
possible. 
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• For the same reason as before, if we want the scientist to often use the tool, it 

is needed that they can open the tool and understand what is possible to do and 
how with it quickly. The steps should be visible by themselves. 

• The system needs to be able to display the results of the cross-texts analysis in 
a easy readable way. 

• Furthermore we assume that the user enters articles in the system, so there 
should be a way for the user to view the information of the articles he has 
entered in the system. 

 
3.2.2 Programming requirements 
 

According to the interface requirements, there are three algorithms part that we 
can distinguish: 
• An algorithm to extract and store the articles information in the system one by 

one should be implemented.  
• An algorithm that performs the cross-texts analysis for a given keyword and 

that display the results to the user in a viewable display. 
• An algorithm that allow the user to view the different information stored for 

each article in the system 
• All three above algorithm should be fast when computing.  

 
3.3 Analysis 
 
3.3.1 The articles 
 
The literature study phase of the project has shown that many papers test their systems 
using the PubMed search engine that is a huge repository that stores the Medline 
abstract (see glossary).  
 
Furthermore after knowing from where to take the articles, we needed to state the 
format of the articles. We have made the choice to process only the abstracts of the 
articles in our system for several reasons: 

• The articles’ full text is not often available whereas the abstract is. 
• The aim of an abstract is for the reader to understand what the article deals 

with and it contains the main ideas of the article. As we are extracting 
information from the abstracts and as we consider that the abstract is a 
representation of the article, the most often occurring words are likely to occur 
a lot in the abstract. So in that way, by using the abstract we catch the most 
interesting part of the article. 

 



 17

CHAPTER 3. REQUIREMENTS, ANALYSIS AND SPECIFICATIONS 
 
 

• An abstract is a small piece of text representing an article, so it is significantly 
shorter than the article. Therefore the processing time is shorter for an abstract 
than for a full article.  

 
To summarise, using the abstract, we can target more texts than if we were using full 
articles. We assume that we do not lose the content of the full article and we win 
computation time. 
 
3.3.2 What is a keyword? 
 
To be processed in our system, the user needs first to take some corpus of texts. 
The articles are retrieved from the PubMed search engine as explained in 3.3.1 by 
querying it with some keyword. But we need to define what is a keyword in our sense. 
 
A keyword can be one or several words, we also refer to it as a “query term”. 
When the user wants to insert an article in the system, she has to specify the 
corresponding keyword she used to find the article. 
Furthermore, to build the ontology of a domain, the user needs to specify which 
keyword she wants to process. 
 
3.3.3 The information extracted 
 
According to the programming requirements some information from texts need to be 
extracted. After looking at the structure of the PubMed articles, we figured out that 
the main important information stored in them are the article title and its PMID value. 
Further, we want to extract a summary of the articles. This is done by extracting the 
main concepts of each article. 
  
As explained in Chapter 2.3, many researches in information extraction have been 
focussing on the extraction of predefined elements.  
The system we are proposing doesn’t have the same goal, we do not precise in 
advance what we want to extract.  We just want to extract the most important things 
contained in the articles and by assumption, they are the interesting words that occur 
the most.  
To do so we have been looking at the work done by other researchers to discover 
some techniques they used in their projects that can suit our goals. So we were mainly 
interested in statistical techniques. 
 
In [39], they want to detect the protein-protein interaction from texts and to do so, 
they use pre-specified protein names and limited set of verbs that represent actions. In 
our case we do not look for the protein name extraction, but this article gave us the  
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idea that in our system we should keep track of the important verbs of an article 
because they can describe something interesting like an interaction.  
Furthermore among the verbs of an article, “to be” and “to have” are often present in 
all their declinations and constitute useless knowledge because they do not give 
further information. So we decided to remove any declination of “to be” and “to have” 
in every article. 
 
In an article, the words that occurs the most are often not interesting, as they can be 
personal or possessive pronouns, determiners, conjunctions, adverbs or common 
English words. In our case for each article we focused on the interesting words 
occurring the most, and by interesting we do not mean the pronouns or determiners. 
We talk about occurrence of the words because we think that when scientists write 
their articles or abstracts, they often repeat the words that will mainly represent the 
main subject of the article. Furthermore knowing that the title of an article reflects the 
article we decide to give more weight to the words contained in the title.  
 
To eliminate common English words, in [20], they use the TF*IDF term weighting 
scheme with the British National Corpus (BNC) collection as reference set. They 
explain that terms that appear frequently in a document (TF = Term Frequency), but 
rarely in the reference set (IDF = Inverse Document Frequency) are more likely to be 
specific to the document. Terms with a high TF.IDF value or absent from the BNC 
collection (for which TF.IDF is not applicable) are retained for further processing. 
So this eliminates the common English words for the further process. 
 
Computing this tf*idf measure for all the words in every article means that we should 
analyse the articles word by word. This can be good to remove the common English 
words that we do not need, but this is quite time and processing consuming. We 
thought at an other alternative to achieve the same kind of goal, by not taking into 
account all the useless words of the articles. We thought of using a Part of Speech 
Tagger to do the job. Actually a Part of Speech Tagger will tag the whole article. 
Then knowing what each tag represents, we can dissociate the different components 
of the article: the nouns, the pronouns, the verbs, the adjectives, the determiners… 
To do so we use a simple parser based on the Penn Treebank Tagset (see Appendix A) 
that will isolate the categories of words we are interested in, meaning the nouns, verbs 
and adjectives. So in that way we are sure that we get rid of useless words like 
pronouns, determiners or adverbs. Of course the common English words present in 
the text that are nouns or adjectives will still be present but there are not a problem as 
they will not often appear in the text as they are not specific to the article domain we 
work with, that is biology. Furthermore, as they will not often occur, we can define a 
threshold that will discard them if they appear less often than the threshold value. 
 
So finally we want to extract the main concepts of each articles, meaning the words 
that occur the most but that are not useless for the study. 
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3.3.4 Information storage 
 
After having specified what we want to extract from each article, we somehow need a 
way to store the information we will extract. There are two possibilities for this 
storage: a flat file or a database.  
 
If we use a flat file, we will record in it all the information extracted. In that case, we 
need to organise it quite well, with separators to distinguish the different articles when 
inserting data, as we will have to parse it to retrieve the stored information. 
Furthermore we need to keep track of the corresponding keyword associated to the 
article.  
All those specification gathered, we think that a flat file would really not be 
convenient as it would be hard to structure, to store the information and to access it. 
By presenting all the constraints of the storage, the database choice seems to suit the 
needs as it allows fast access and fast storage and as we can design it to fulfil our 
requirements by creating the necessary number of tables. 
 
3.3.5 The number of concepts extracted 
 
We needed to determine how many concepts should be extracted for each article. 
Furthermore as we use a database to store the information extracted for each text 
several rows in the table were needed to be sure to take the appropriate number of 
concepts. 
 
We have tested our tool with the extraction of 2, 6 and 10 concepts; three numbers 
that have quite space in between. We took this small numbers as they could be 
readable for the user for display purpose, and so that the analysis of them in further 
process would not be too long. After extracting the 2, 6 and 10 concepts from two 
corpus of articles, we have derived the corresponding ontology constructed. The 
results have shown that with the 2 concepts example, we derived a poor vocabulary, 
meaning that we found only simple words as derived concepts in the extraction of 
relations between the articles.  
In the 10 concepts example, we derive a lot of new concepts with several words 
associated together but there are a lot of common words in the different concepts 
founds.  
Comparing the results of the 6 concepts and 10 concepts examples, we found quite the 
same number of derived concepts but in the 10 concepts examples, a certain 
redundancy occurs in the results. The number 6 seems to be a good choice so.  
 
A last point that satisfies our choice is that the number 6 is in the range between 5 and 
9, and so satisfy the (7±2) rule published by [37]. This rule explains that there is a 
limit to the amount of items the immediate memory can retain, and this limit is  
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comprised between 7±2. So we think that extracting only 6 concepts per articles 
seems to be a good number for the user perspective and on the controlled vocabulary 
results.  
 
3.3.6 The ontology display 
 
The study of different ontology viewers found on the Gene Ontology Consortium 
website [15]: AmiGo, MGI GO has shown that ontologies are likely to be displayed as 
a tree structure. 
We found some disadvantages of the tree display as in ontologies, you often find 
multiple inheritance, and this led to several displays of the same information. On the 
other hand, a directed acyclic graph representation like in TAMBIS [4] prevents the 
repetition of information. However it is harder to display and it is not user friendly. So 
we decide that the display of the results of the cross text analysis, meaning the 
resulting ontology will be as a tree display.  
 
3.3.7 New requirements 
  
The analysis being finished, we figure out some new requirements for the 
programming part that needs to be added: 

 
• The program should be easy to change to select as many concepts as desired 

from the articles. That is if we want to select 8 concepts per article instead of 
6, there should not be too much work for a programmer to do it.  

• The program targeted to PubMed search engine has to accept an article even if 
no PMID is mentioned inside it and to add it to the database. Actually, when 
copying an article from Pubmed this can happen that the user forgets to copy 
the PMID value of the article. This should not prevent the user to have the 
article inserted into the database. Furthermore if the article is re-entered in the 
database with the PMID value mentioned, the one entered before without 
should be updated to add the PMID value. This allows to repair an insertion 
error done before. 

 
3.4 Specifications 
 
3.4.1 Interface specification 
 
To achieve the goals given by the requirements, at the interface level, we have 
considered different designs. The interface is clearly dispatched as three parts. So first 
we thought of making a simple window with buttons inside. The user would go from  
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one module to the other by choosing the desired corresponding button. But in that 
design, each button would open a new window, so this would lead to many open 
windows. This can confuse the user because three windows can be opened 
simultaneously in this design. This is really not user friendly. We need a way to let the 
user navigate through the tool in a fast and efficient way. 
The use of tabbed panes is a solution because it needs only one window to be opened 
and the user can navigate from one tabbed pane to the other very quickly. 
Furthermore, it keeps the interface simple. 
So the interface design will be as follows: 

• A first tabbed pane where the user can input texts to be processed and view the 
results of the information extraction. 

• A second tabbed pane where the user can ask for the cross-text analysis and 
where we display the results of it.  

• A third tabbed pane where the user can view the article information desired by 
making simple selections. 

 
3.4.2 Program specification 
 
The program will be developed in Java as many classes exist in this language to 
combine a nice interface and to compute good algorithms. Furthermore, in the 
ontology-related work in the division, most other programs have been developed in 
Java, so it is really useful to continue developing it Java, so that later integration 
between programs is possible.  
 
Another reason is the fact we need a Part of Speech Tagger and a stemmer for the 
information extraction phase, so we have first looked at the possibility to insert them 
in the java programming. Finding a “.jar” file for the Tagger and a class file for the 
stemmer, we decided to adopt the Java programming language to develop our tool.  
 
On the algorithm level, to fulfil the programming requirements, we have distinguished 
3 different parts of algorithm: 

• One that will process the articles one by one and use some tagging process, 
stemming process and storage. The class Concepto is created. 

• A second one that will make the cross-texts analysis and so access the 
database and finally display the results as a tree. For this, we looked at the 
available Java classes for tree construction and found the JTree class that 
allows to create and display trees in a nice way. The class ProcessAll will 
implement this algorithm. 

•  A last one that will allow to view the stored articles information by accessing 
the database. This is  the purpose of the class Viewer. 
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Chapter 4 
 
Implementation 
 
4.1 Overview of the system 
 
In figure 4.1, you can see the general architecture of the system with the external 
PubMed module and the three internal modules: the concept extractor, the ontology 
constructor and the viewer. 
 
4.1.1 PubMed: an external module 
 
PubMed is actually not integrated into our system, the user has to query it manually 
with some keyword to find articles associated to that keyword. The user then 
manually inserts the articles in the system by simply copying and pasting them. 
 
4.1.2 The concept extractor 
 
The concept extractor module allows the user to process the texts taken from PubMed 
one by one and to extract their title, PMID value and the main concepts among them. 
This module uses several systems: a part of speech tagger, a stemmer and a database 
to store the extracted information. 
Those systems are described below in part 4.2. 
 
4.1.3 The ontology constructor 
 
The ontology constructor module creates an ontology of a given keyword by making a 
cross-analysis of all the articles related to that keyword. In order to proceed, it needs a 
keyword from the user and to access the database to take the corresponding articles’ 
information. This module needs to access the stemming system in order to compare 
the main concepts of each article and to count their occurrence before being able to 
make the cross-text analysis. 
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4.1.4 The viewer 
 
The viewer module allows the user to view the article information stored in the 
database. It needs a given keyword to return the corresponding articles. 
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4.2 External tools used by the system 
 
4.2.1 The tagger 
 
In our program, we use a tagger to tag the articles input by the user. The aim of a 
tagger is to tag the words of a text meaning specifying their type (noun, adjective, 
determiner…). This tagging is done by adding at the end of each word its type.   
After looking at the different existing part of speech taggers, we found out that the 
most used one with best results was the Brill Part of Speech tagger.  
 
The Brill POS tagger [9]: 
The Brill tagger is a robust rule-based part of speech tagger that can automatically 
learn its rules. It has several characteristics like the fact that little stored information is 
required, there is a small set of meaningful rules, implementing improvements of the 
tagger can be done in an easy way and finally the portability from one tag set or 
corpus to another is quite good. 
 
The tool we have developed has been implemented in Java programming, so we 
wanted to use a tagger programmed in Java to incorporate it easily to the program. 
After looking over Internet, we found the Monty tagger [30]: a rule-based part-of-
speech tagger based on Eric Brill's 1994 transformational-based learning POS. This 
tagger, developed by Hugo Liu, uses Brill-compatible lexicon and rule files. (The 
distribution includes Brill's original Penn Treebank (appendix A) trained lexicon and 
rule files.) It also includes a tokenizer for English and tools for performance 
evaluation. 
This tool is implemented in portable Python and in Java via the montytagger.jar file 
that we just need to add in our classpath when compiling the program. 
 
The MontyTagger: 

• What does MontyTagger do? 
MontyTagger annotates English text with part-of-speech information, e.g. "dog" as a 
noun, or "dog" as a verb. You give MontyTagger a bit of text, e.g. "Jack likes apples" 
and you get back the same text where each word is annotated with its part-of-speech, 
e.g. "Jack/NNP likes/VBZ apples/NNS". Part-of-speech tagging is an indispensible 
part of natural language processing systems. 
 

• What do those part-of-speech tags mean? 
NN = common, singular noun; JJ = adjective; VB = root verb; etc. MontyTagger uses 
the Penn Treebank tagset. Meaning, there is documentation where the meanings of 
these tags are explained. You can see a quick table of these tag sets in Appendix X. 
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• Some characteristics of the MontyTagger: 
 
The version 1.2 of MontyTagger (running in classic Brill mode) has been 
benchmarked at 500 words/sec, running in python 2.2 on a pentium-III, 1Ghz Wintel 
box. Word-level tagging accuracy on typical US English non-fiction is approximately 
95% (comparable to Brill). 
 
4.2.2 The Stemmer 
 
In our project we needed at some point to count the occurrence of some words. 
Knowing that words from the same family end with different suffixes, we needed a 
way to compare them and to find them equivalent. To do that we needed an algorithm 
for suffix stripping, meaning a stemming algorithm. After looking for existing 
stemming algorithms, we found the 2 most popular algorithms for stemming English 
words: The Porter (1980) [40] and Lovins (1968) [31] stemming algorithms. 
Both algorithms use heuristic rules to remove or transform English suffixes. 
According to [49], the Porter stemming algorithm is less aggressive than Lovins. 
Lovins is more likely to make mistakes. For instance, it will map the words police and 
policy to the same stem.  
So we decided to use the Porter Stemmer.  
The original stemmer was coded up in BCPL, a language no longer in vogue. 
Nowadays, the ANSI C, Java and Perl versions are exactly equivalent to the original 
BCPL version, having been tested on a large corpus of English text.[40] 
 
We downloaded the Java version (Stemmer.java) and used the Stemmer class in our 
code by simply calling it. 
In this way we were able to stem all the nouns, verbs and adjectives to compare them 
and to count their occurrence within the article. We used again this feature when 
counting the occurrence of the concepts in the set of all articles when we wanted to 
build the ontology. 
 
4.2.3 The database structure 
 
We have created the database Concepto. We use mysql to administrate the database. 
It is composed of three tables: ARTICLES, QUERYTERMS, and 
ARTICLE_QUERYTERM. 
 
In the following section, we describe those three tables. To better understand the 
attributes of the table we need to explain the parameter names: 

• Field: the name of the column in the table 
• Type: the type of the field in the table, can be an integer, or a char or a 

float… 
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• Null: Define if the value of the field inserted can be null or not. For 
example the primary key cannot be null 

• Key: Define if the filed is a Key in the table. For example, in the table 
ARTICLES, ID is the primary key. And in the table 
ARTICLE_QUERYTERM, AID is a foreign Key. 

• Default: If not value is specified for the field when adding it in the 
database, the value NULL is given if default is set to NULL 

• Extra: If there are extra information for the field. For example ID in table 
ARTICLES is the primary key and we want it to always increments when 
adding a new row in the database, so we set its extra parameter to “auto-
increment”  

 
Table ARTICLES 
 
 

Field Type Null Key Default Extra 

 
ID 
PMID 
TITLE 
CONCEPT1 
CONCEPT2 
CONCEPT3 
CONCEPT4 
CONCEPT5 
CONCEPT6 

 
Mediumint (9) 
Varchar (20) 
Varchar (250) 
Varchar (15) 
Mysql Varchar 
(15) 
Varchar (15) 
Varchar (15) 
Varchar (15) 
Varchar (15) 

 
No 
No 
No 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 

 
PRI 

 
 
 
 
NULL 
NULL 
NULL 
NULL 
NULL 
NULL 

 
Auto-increment 

 
The table ARTICLES stores the information of the article after processing. 
Its attributes are: ID, PMID, TITLE, CONCEPT1, CONCEPT2, CONCEPT3, 
CONCEPT4, CONCEPT5, CONCEPT6. 
ID is a unique ID that uniquely identifies the article. It is the primary key and it has 
auto increment property. 
PMID is the Pubmed ID of the article. Every article taken from the Pubmed search 
engine is classified with a PMID number. 
TITLE is the title of the article that we extract from the text. 
CONCEPT1 to CONCEPT6 are the 6 main concepts extracted from the article 
according to their occurrence in the text. 
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Table QUERYTERMS 
 

Field Type Null Key Default Extra 

 
ID 
TERM 

 
Mediumint (9) 
Varchar (50) 

 
No 
No 

 
PRI 

 
 

 
Auto-increment 

 
The table QUERYTERMS stores the different query terms that have been entered in 
Pubmed to find articles. 
Its attributes are: ID, TERM 
ID is a unique ID that uniquely identifies the query term. It is the primary key and it 
has auto increment characteristics. 
TERM is the value of the query term entered. 
 
Table ARTICLE_QUERYTERM 
 

Field Type Null Key Default Extra 

 
ID 
AID 
QID 

 
Mediumint (9) 
Mediumint (9) 
Mediumint (9) 
 

 
No 
No 
No 

 
PRI 
FK 
FK 

 
 

 
Auto-increment 

 
The table ARTICLE_QUERYTERM stores the association between the article and 
the query term. 
Its attributes are: ID, AID, and QID  
ID is a unique ID that uniquely identifies each article query term association. It is the 
table primary key and it has auto increment characteristics. 
AID is a foreign key that references ARTICLES ID 
QID is a foreign key that references QUERYTERMS ID. 
 
4.3 A hybrid approach 
 
According to the definitions of statistical, knowledge-based and hybrid analyses given 
in Chapter 2.4, our system uses a hybrid approach to fulfil its goals. 
 
Actually, we do not use external data such as stop lists or dictionaries, and there is no 
need of trained data as everything is generated from the article we process, so we are  
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mainly working with a statistical approach. However, we use some part-of-speech 
tagger and some stemming algorithm, so this can be considered as external data. But 
we use it as a module in the program and it will not be modified. This external data 
does not change over the time. 
No stop lists are needed as we tagged the text and only consider nouns, adjectives and 
verbs. We have just added a way to check if in the verbs list, the verb “to be” is 
present in any form and in that case we remove it. We do this knowing that the verb 
“to be” is often present in texts. This module has been added after testing the program 
and realising that the “to be” verb was often taken as interesting concept, whereas it is 
not because it doesn’t provide any knowledge. 
 
Then after having separated nouns, verbs and adjectives, we use a stemming 
algorithm to be able to count the number of occurrences of each word.  
In the second phase where we associated concepts together, we still use a statistical 
approach by using some logical relations: union and intersection.  
 
4.4 Techniques used by the system 
 
The system uses different techniques to achieve its goals: it has an Information 
Retrieval (IR) part, a Text Mining part that extract information from articles and a 
module to build ontology from the extracted information. 
 
According to the definition of Information Retrieval given in Chapter 2.2, the system 
depends first on Information Retrieval, as the user needs to query the PubMed search 
engine with a query term to find a set of articles. 
 
After retrieving the articles from PubMed, we process them to extract information. So 
we post process the results of the Information Retrieval part. And we finally store the 
information extracted in the database. We always insert the same model of data: the 
Title, PMID and the main concepts of the article. So we do not make information 
extraction as defined in Chapter 2.3, the difference being that by structured 
representation in their definition they mean that some deep level information will be 
extracted. For example, if we were extracting knowledge from terrorist attack texts, 
by structured representation they would mean to fill a template with the name of the 
terrorist, the place the event occurs, the date …  so information that require a deeper 
analyse of the text than we do. 
But as we still fill a template for each article, even if we do not deep structured 
representation, our system still makes use of text mining to extract information. 
  
Then the system has an ontology builder module that takes the information derived 
from the Information Extraction module to construct the ontology. 
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4.5 The algorithm description 
 
In the first part, we extract the main words of the articles (in total 6 words). Those 
words are then kept as representatives of the article as they are stored in the database. 
They can only be nouns, adjectives or verbs as we have first tagged the article to 
remove unwanted words like determiners “the” “a” or conjunctions like “but”… 
 
In the second part we look at the occurrence of those 6 words in the whole set of 
articles, each article being represented by 6 words. 
And from this we derive new concepts that can be unique words or several words 
associated together. Those new concepts are taken as clusters.  
So we have taken into account the terms that occur the most in all the set of articles to 
create our new concepts assuming that the words that occur the most in all the set of 
articles represent a good concept to define a cluster. 
 
4.5.1 The first part 
 
We use several techniques to achieve the goal of ending with the most important 
words of the article. Those words are called concepts. At that stage they are unique 
words. 
We first tag the text to only extract the nouns, adjectives and verbs of the article. We 
apply some stemming to be able to count the occurrence of each word (nouns, 
adjectives and verbs) 
Then we order all the words according to their occurrence number from the one that 
occur the most to the lowest. 
And then we take only the 6 first words as concepts representing the article, and store 
them in the database. 
 
4.5.2 The second part 
 
The idea is to create disjoint clusters of texts, meaning that a text can appears in only 
one cluster. The clusters are determined by their new concept value. 
As an input we take the query term the user wants to process. We look for all the texts 
corresponding to that query term in the database.  
And we apply the processing on the set of texts to extract knowledge and to group 
texts that share the same knowledge together in clusters. 
This processing is done in 5 phases: 
 
Phase 1: 
First we calculate the occurrence number of each concept in the set of all texts. 
For the concepts that occur more than once we continue the process, we discard the 
others, as we consider them not enough significant. 
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Phase 2: 
Then we create an array of Association objects that assigns each concept to the 
articles it belongs to. The concepts are still unique words at that time. 
 
Association 1 
 
 
 
 
Association 2  
 
 
 
 
Association n… 
 
Phase 3: 
From this array of Association objects, we run a method that will create associated 
concepts. Associated concepts are concepts that we group together, the minimum 
number of associated concepts is two concepts associated, and the maximum is the 
most we can associate. So here the concepts can be from two words to more. 
 
We create the associated concepts by making the intersection of the Articles ID we 
have in the Association Object. We compare two by two the different Associations in 
the array of Associations. If we have an intersection that returns more than one article 
ID, we create a new Association object, which combines the concept values of the two 
Associations we just intersected and the articles Id resulting from the intersection. 
This step is repeated till we cannot create new associated concepts. 
For every iteration of this step, we add in the array all the new Associations, so that at 
the end we have an array with all the Associations we began with and with the new 
ones created. 
 
Phase 3 example: 
 
Simple Associations 
  
  
 
 
 
 
 
 

Concept i Article a Article b … 

Concept j Article c Article a … 

Array of 
Associations 

Concept k Article a Article f Article x …

Concept j Article a Article f Article y …

Concept l Article x Article y Article z …

Array of 
Associations 
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The step 3 gives the new Association: 
 
 
 
 
Phase 4: 
We first need to pre-process the data by ordering the array of Associations from the 
most valued Association to the lowest. We define as most important Association the 
one that has the most concepts and the most articles ID. If they are equality, we order 
the Associations in the order of their appearance. 
This ordering done, we just have to extract from this big array all the new concepts 
related to the query term. 
We proceed as described below: 
We go trough the array, if the Association we are on has more than one article Id, we 
take it otherwise we discard it. In the case there are more than one articles Id, we take 
the Association as a new concept that we put in a new Association array and we 
remove all the articles Id that hold this Association, from the other Associations in the 
big array. So in that manner we create disjoint clusters, as a text cannot appear in 2 
distinct Associations. We create only disjoint clusters considering that there would be 
too much irrelevant concepts created otherwise. 
We do this till the end of the array.  
And we finish with a new array containing the really interesting Associations that 
hold new concepts to display to the user. 
 
Phase 4 example:  
 
Ordered array of Associations from the most relevant one to the lowest: 
 
 
1.  
 
 
2.  
 
 
3.  
 
 
4.  
 
 
Processing Association number 1: Two concepts (j and k) with more than one article 
(a and f). 

Concept j Article a Article f … Concept k 

Concept j Article a Article f Article y 

Concept k Article a Article f Article x …

Concept l Article x Article y Article z …

Concept j Article a Article f … Concept k 

…
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This Association is taken and put in the new Associations array. 
The articles a and f are removed from the Associations that have them as articles. 
 
The array of Associations becomes: 
 
 
1.  
 
 
2.  
 
 
3.  
 
 
4.  
 
 
Processing Association number 2: One concept (j) and only one article (y), the articles 
a and f being removed by the preceding step. This is not interesting so we discard it. 
 
Processing Association number 3: One concept (k) and only one article (x). This is not 
interesting so we discard it. 
 
Processing Association number 4: One concept (l) and 3 associated articles (x, y and 
z). This Association is taken and put in the new Association array. The articles x, y 
and z are removed from the Associations that have them as articles. 
 
Finally from this example the generated final Associations, meaning clusters are:  
 
 
 
 
 
 
 
Phase 5: 
We then display the information to the user using a JTree. But before we check if in 
the new concepts derived from the process there are some that are query terms in the 
database. If so we process them as well to have a deeper view of the main query term 
process, because it will shows several levels of knowledge discovery. We do this till it 
is not possible anymore. 
Then we display the results to the user. 
 

Concept j Article a Article f Article y 

Concept k Article a Article f Article x …

Concept l Article x Article y Article z …

…

Concept j Article a Article f … Concept k 

Concept j Article a Article f … Concept k 

Concept l Article x Article y Article z …
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4.6 How do we get the ontology? 
 
The first time a user will enter articles associated to a query term, the process all 
method that derives new concepts from the set of articles will return a tree with only 
the root node and the children as new concepts. This will not be a deep tree but just a 
2 levels tree. 
 
� � � � � � � � �  
 
 
 
 
 
 
 
 
So to get more levels, the user will have to take each child (every new concepts) and 
to look for articles queried with the new concept and to insert them into the system. 
Then when the user will ask again to process the previous query term, the system will 
look if any of the derived new concepts is as well a query term in the database and if 
so, it will process it and add the results of the processing to the tree. So we will end up 
with a deeper tree. 
 
 
 
� � � � � � � � �  
 
 
 
 
 
 
� � � � � � � � � � � �  
 
 

Query term 

Child 1 Child 2 … Child n 

Query term 

Child 1 Child 2 … Child n 

Child 1.1 Child 1.j ... Child n.1 … Child n.k
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Chapter 5 
 
Methodology to use Ontolo 
 
5.1 Introduction 
 
After having described the components of the system in Chapter 4 and the algorithms 
used for the implementation phase, it is time now to show the resulting tool to the 
user. For this purpose, we present its interface and explain how to use it and how to 
navigate through it. Screen shots will support this presentation to allow a better 
understanding. 
 
5.2 Methodology 
 
First the user has to define a query term and to query the search engine PubMed with 
that query term. This will return a set of articles (it can be a lot).  
The user will run our tool and be faced to 3-tabbed panes:  
 

 The “Concept Extractor” tabbed pane 
 

The “Concept Extractor” tabbed pane has been implemented to allow the user to 
process articles to extract their six main concepts, title and PMID value. The PMID 
value of an article is a unique identifier defined by PubMed that is assigned to each 
article in the PubMed database. 
We can distinguish three different panels in the “Concept Extractor” tabbed pane: a 
query panel, a process panel and a result panel.  
For the query part, the user needs to type in the keyword she has queried in PubMed. 
Then in the process part, she has to paste one by one the articles resulting from the 
PubMed query. Each time an article is pasted, the user has to click on the Process 
button, so that the article is being processed to extract the six main concepts from it. 
Then the processing results can be viewed in the result part of the “Concept 
Extractor” tabbed pane. 
Below you can see the “Concept Extractor” tabbed pane with the three panels. 
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 The “Ontology Constructor” tabbed pane 
 
The “Ontology Constructor” tabbed pane allows the derivation of an ontology from a 
set of articles related to a query term. 
To be used, it requires that a certain number of texts have been inserted to the system 
via the “Concept Extractor” tabbed pane. Then, the user can decide to process the set 
of articles to see the common concepts they share and to derive an ontology.  
This tabbed pane is composed of two different panels: the query term selection panel 
and the result panel. 
The ontology derivation by choosing a query term from the list and then by clicking 
the Process-All button.  
The result is displayed in the result panel and will be a tree representing the results of 
the process. Within this tree, the user can select some elements to visualise the PMID 
of the articles corresponding to the cluster. 
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 The “Viewer” tabbed pane 
 
The “Viewer” tabbed pane allows to visualize for each query term the related articles, 
and for each article the information extracted from the “Concept Extractor” tabbed 
pane: PMID, the main concepts. 
It is composed of three panels: the query term selection panel, the article title selection 
panel and finally the result panel.  
In case the user wants to see how many articles she has inserted or to visualise the 
results of the concepts extraction from a text, she can go on the “Viewer” tabbed 
pane. She only needs to select a query term in the list and press the look button and 
then in the articles list displayed, selects the desired one and press the second look 
button, so that in a results panel she can view the six concepts and the article PMID. 
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Chapter 6 
 
Related work 
 
In this chapter, we briefly describe two systems that allow to construct ontology from 
texts. Full descriptions are available at [5,33] 
 
6.1 TERMINAE 
 
6.1.1 Description 
 
TERMINAE is an “ontology management” tool which purpose is building ontology 
both from scratch and from texts. It is developed in the Laboratoire d’Informatique de 
Paris-Nord (LIPN) at the Université de Paris-Nord in France. 
The tool is written in Java and integrates two modules:  
• A linguistic engineering part that allows the definition of terminological forms 

from the study of term occurrences in a corpus. 
• A knowledge engineering part that involves knowledge-base management with an 

editor and a browser for the ontology. 
The tool represents a notion as a “terminological concept”. 
 
6.1.2 Methodology 
 
TERMINAE builds terminological concepts from the study of the corpus terms. The 
establishment of the list of terms needs first the constitution of a domain specific 
corpus of texts. Then it uses the term extractor LEXTER [8], a tool that extracts 
candidate terms by means of local syntactic parsing techniques based on surface 
patterns. LEXTER proposes a set of candidate terms to the knowledge engineer, he 
then needs to select the interesting ones with the help of an expert. The next phase is 
the conceptualisation of each term done by analysing the uses of the term in the 
corpus to define all the meanings of the terms. Then for each meaning, the knowledge 
engineer gives a definition that he then translates into a formalism. Finally, depending 
on its validity, the new terminological concept is inserted or not into the ontology. 
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6.2 Text-To-Onto 
 
6.2.1 Description 
 
Text-To-Onto is a tool that allows the semi-automatic engineering of ontologies from 
domain texts. An approach to discover non-taxonomic conceptual relations from text 
(hasPart relations between concepts) is embedded in the system as well as the 
acquisition of taxonomies (“is a” relation). The system is based on the use of XML 
tags all along the different process. 
 
6.2.2 Methodology 
 
The system uses a shallow text processor based on the core system SMES 
(Saarbrücken Message Extraction System) to identify related pairs of words. This 
module comprises a tokenizer based on regular expressions, a lexical analysis 
component (stemming, part of speech tagging), and a chunk parser. The linguistic 
process outputs a set of concept pairs.  
Then a learning algorithm analyses statistical information about the output to discover 
some general association rules and a discovering algorithm determines support and 
confidence measures for the relationships between the different pairs. 
Finally, OntoEdit a sub module of Text-To-Onto supports the engineer in the adding 
of the newly discovered conceptual structures to the ontology. 
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Chapter 7 
 
Evaluation and Testing 
 
The tool we have implemented allows the construction of an ontology from a set of 
texts input in the system. According to the definition given in Chapter 2.5.3, we have 
been developing a controlled vocabulary, meaning that for a specific domain we 
derived a list of concepts associated to it by processing articles. 
In our work we do not define relationships between the found concepts. 
It is necessary to evaluate the performance and to validate the achievements of our 
system. We present the evaluation, testing and results in this chapter. 
We can distinguish two parts for the evaluation of our system: a part dedicated to the 
evaluation of the tool according to the formal evaluation criteria defined in [23] for 
ontology engineering tools and a part dedicated to the evaluation of the correctness of 
the constructed ontology.  

 
7.1 Test of the tool 
 
7.1.1 Criteria  
 

• Availability: How is the tool used: local installation or via the web? 
• Functionality: What functionality does the tool provide? 
• Multiple inheritance: Is multiple inheritance supported? How is it 

visualized in the tool? 
• Data Model: What is the underlying data model for the ontologies in the 

tools? 
• Reasoning: Does the tool verify newly added data and check consistency 

when the ontology changes? 
• Example ontologies: Are example ontologies available? Are they helpful in 

understanding the tool? 
• Reuse: Can previously created ontologies be reused? 
• Formats: Which data formats are compatible with the tool? 
• Visualisation: Do the users get a good overview over the ontology and its 

elements? 
• Help: Is help available? 
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• Shortcuts: Are shortcuts for expert users provided? 
• Stability: Did the tool crash during the evaluation period? 
• Customisation: Can the user customise the tool and in what way? 
• Extendibility: Is it possible to extend the tool?  
• Multiple users: Can several users work with the same tool at the same 

time? 
 
7.1.2 Results 
 

• Availability: The ontology construction system is installed on a local 
machine and has been implemented in Java. Working with the PubMed 
external module for the text insertion, it requires a fast Internet connection. 
However, to see the results of the system without adding anything, Internet 
is not necessary. 

 
• Functionality: The system allows the user to input articles, extract and 

store information extracted from them.  It provides a module to create an 
ontology of a specified domain and to display it as a tree. Furthermore, it 
allows the user to view the information extracted from all the articles 
stored in the database. 

 
• Multiple inheritance: Not Applicable. 
 
• Data Model: No data model is used for the ontologies in the tool. 
  
• Reasoning: When new articles are inserted, the system rebuilds the 

ontology, so that it can add the new information. Actually, as the process 
of creating the ontology is quite fast, the system does not store the 
ontology construction result in the database. It is always rebuilt from the 
beginning. 

 
• Example Ontologies: Actually many articles are stored in the system, so in 

that manner some results of ontologies can be visualised by the user. They 
help the user to understand the tool, because as the database is not empty, 
the list of query terms is not neither and the user understands she just have 
to select a keyword and to press a button. 

 
• Reuse: As the ontology is not stored in the database, if the user adds new 

articles for a certain keyword, the ontology will be recalculated, so the old 
one is not saved. 

 
• Formats: The format of the ontology is simple ASCII text.  
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• Visualisation: The ontology is displayed to the user as a tree with the 
keyword as root node and the children as leaf nodes or nodes if they also 
have children. The user can collapse or expand the tree by simply clicking 
on it and visualise the corresponding article PMID value. 

 
• Help: Actually no help is available on the interface, but the tool is easy to 

understand and to use. 
 
• Shortcuts: None. 
  
• Stability: The system did not crash during the evaluation. Some small 

programming bugs were found and corrected. 
 

• Customisation: The user cannot customise the tool. 
 
• Extendibility: On the programming levels, some future work can be done 

to improve the ontology results of the tool and to make easier the insertion 
of articles in the system. (See chapter 8.2) 

 
• Multiple users: The system works with a database, we have opened two 

instances of it accessing simultaneously the database and it worked 
perfectly, so the system supports multiple users. 

 
The system does not support specific ontology construction languages such as 
DAML+OIL or OWL. This is still a quite simple tool that needs to be improved. But 
it allows the user to extract information from documents and to construct a controlled 
vocabulary of a domain from the corpus of texts inserted in a quite easy, fast and 
efficient way. 
 
7.2 Test for ontology construction 
 
7.2.1 Ontology evaluation criteria 
 
To evaluate the relevance of the system, we thought of comparing our results to other 
systems that build ontologies from texts (see Chapter 6, Related Work). However in 
such systems, they do make higher levels ontologies, meaning they define hierarchies, 
and they do not work especially with Bio-Ontologies. So in that way, our system 
cannot be compared, as it is not doing exactly the same analysis.  
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The problem encountered in our case is the fact that we do not have biological 
background, so we do not know what a researcher would look for.  
So, having this handicap, we found another way to compare our system: querying a 
term for which an ontology is already existing, constructing the corresponding 
ontology with our system and finally comparing our ontology result to the original 
one. 
When it comes to Bio-Ontologies the Gene Ontology is the most used one and is 
accessible easily on Internet. We just need to query a keyword on one of the GO tools 
to find the associated ontology. There are three independent ontologies on GO: 
biological process, cellular component and molecular function. 
That is what we decided to do: taking a term for which the Gene Ontology proposes 
an ontology and searching articles on PubMed related to that term, to input them in 
our system and finally construct the ontology. 
We decided that to better evaluate the system, we should do this test for a high-level 
concept (general concept) and for a low level concept (specific). 
 
7.2.2 High-level concept ontology evaluation 
 
The high-level concept ontology evaluation phase has been done for several terms: 
“binding”, “development” and “behavior”. 
 
For each of the keywords “binding”, “development”, “behavior”, we chose 400 
articles found on PubMed. Those articles were taken during a time period of three 
days, and each day, we took the first results of the query. This means that our articles 
have been published quite recently as new articles are added in PubMed everyday. 
They may have been works undertaken by several laboratories and so they may share 
focus on some specific part of each terms. 
 
1. Binding 
 
“binding” belongs to the “molecular function” ontology of Gene Ontology [15] in a 
high level and allows to retrieve thousands of abstracts articles when querying 
PubMed [41] with it. 
  
 
We inserted the articles in our system via the “Concept Extractor” tabbed pane. 
Then on the ontology constructor tabbed pane, we choose the “binding” query term 
and clicked on the Process-All button. The resulting ontology was displayed as a tree. 
We printed the ontology result of “binding” in Gene Ontology (see Appendix B) to 
compare with ours. 
We checked if we were finding similarities with it by hand, exactly by looking at the 
different child of the nodes of the ontology. 
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From the comparison we could distinguish two results: the similar results and the 
exact results. 
By similar results, we mean the concepts found that have some common words 
between our ontology result and the GO result of “binding”. For example in Ontolo, 
we found “metals ion” as a “binding” child and in GO they propose “metal ion 
binding”. 
By exact results, we mean the concepts found that are exactly the same than the ones 
from GO. For example in Ontolo and in GO, we find DNA binding for the “binding” 
term. 
 
In the following tables, you can see which results we got from this comparison: 
 

Ontolo and GO 
Results 

Protein binding 
Receptor binding 
DNA binding 
 
Figure 7.1 Same results from Ontolo and GO for “binding” term in “molecular 
function”  
 

Ontolo Results GO Results 
Metals ion Metal ion binding  
Receptor GABA B GABA-B receptor activity 
ANG II Angiotensin receptor activity 
Proteins C terminal Protein C-terminus binding 
Cells receptor surface Host cell surface receptor binding 
Receptor opioid micro Opiod peptide activity 
Proteins domain binding Protein domain specific binding 
Acid amino derivatives Amino acid binding 
T cells activity / Cells receptor T-cell receptor binding 
Proteins kinase Protein kinase binding 
RNA RNA binding 
MHC class MHC class I protein binding 
Proteins binding (regulates) gtp GTP-dependent protein binding 
  
Figure 7.2 Similar results from Ontolo and GO for “binding” term in “molecular 
function”  
 
From those results we can say that we found really few exact results, but that the ones 
we found are mainly direct children of “binding”.  
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We found more similar results, some are almost exactly the same with one word 
changing and some have a slight different meaning but belong to the same category. 
It seems that with the term “binding” has quite well proceeded finding good results. 
 
After having made the comparison with “binding” in GO, we have compared our 
results with the whole molecular function ontology to check if we had results that 
were misplaced. 
We found some of the results of Ontolo in an other part of the molecular function 
ontology: “catalytic activity”. In the table below you can find the results that comes 
from the “kinase activity” child of “catalytic activity”: 
 

Ontolo Results GO results 
Nf Kappab NF-KappaB-inducing kinase activity 
Receptor EGF EGFR EGFR 
 
Figure 7.3 Similar results from Ontolo and GO in “kinase activity” for “binding” 
term in “molecular function”  
 
In the next table is the result that comes from the “oxidoreductase activity” child of 
”catalytic activity”: 
 

Ontolo Results GO results 
Oxidative nitric Nitric oxide reductase activity 
 
Figure 7.4 Similar results from Ontolo and GO in “oxidoreductase activity” for 
“binding” term in “molecular function”  
 
2. Development 
 
The term “development” belongs to the “biological process” ontology of Gene 
Ontology [14] in a high level and allows to retrieve thousands of abstracts articles 
when querying PubMed [40] with it.  
 
After having inserted 400 articles in our system, we have been comparing the results 
between Ontolo and GO. We have only found similar results to GO 
We got only one result under the “development” child in GO and two results under 
“cellular process” that is a same level child as “development” in GO under the 
“biological process” ontology. 
In the table below you can found our similar results. 
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Ontolo Results GO Results Node in GO 
Cell apoptosis Nurse cell apoptosis Development 
Cell growth akt Cell growth Cellular Process 
Cell es differentiation Cell differentiation Cellular Process 
 
The results are quite different compared to the one we have for “binding”. This is due 
to the fact that in PubMed both biological and biomedical articles are stored. As 
“development” is used in several domains and as we do not read the articles before 
inserting them, articles that do not deal with biology were also processed by Ontolo. 
This explains why we got so few results. 
 
3. Behavior 
 
We decided to check if for too high level concepts our system could give better results 
or not. So we took a third high-level term similar to “development” as “behavior” 
can be related to other domains than biology. 
“behavior” belongs to the “biological process” ontology of Gene Ontology [14] in a 
high level and allows to retrieve thousands of abstracts articles when querying 
PubMed [40] with it.  
 
After having inserted 400 articles in our system, we have been comparing the results 
between Ontolo and GO. We have found one exact result and a few similar results to 
GO. 
They are presented in the table below. 
 

Ontolo Results GO Results Node in GO 
Learning Learning Behavior 
Adult Adult behavior Behavior 
Stem cell Stem cell renewal Cellular Process 
Drug release Drug transport Cellular Process 
Stress Response to stress Physiological Process 
Effective dopamine Dopamine metabolism Cellular Process 
 
The others results that we got are not found in the GO as they do not specifically deals 
with biology, but they have sense with the term “behavior”. Our tool can certainly 
help to create ontologies that do not actually exist. 
 
This high level evaluation has shown that for high level concepts mainly related to the 
biological domain, the tool performs well. This is because with those concepts, the 
documents retrieved on PubMed mainly share vocabulary with GO.  
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On the other side, high level concepts that can be used in other domains will retrieve 
articles not only related to biology.  This will lead to poor bio-ontology construction 
for that term as the comparison between Ontolo and GO will not give a lot of results. 
 
7.2.3 Low-level concept ontology evaluation 
 
The low-level concept ontology evaluation has been done with two terms: “cell 
aging” and “viral capsid”.  
 
We have query PubMed with those terms and taken 300 articles. The articles have 
been taken in a two days period and in between the two days, no new articles were 
added.  
 
1. Cell aging 
 
The term “cell aging” belongs to the “biological process” ontology of GO.  
On the Ontolo tool, we processed the articles as for the high-level concept evaluation, 
this gave us an ontology for “cell aging”.  
We then checked by hand if we could find similarities between the Ontolo ontology 
and the GO one. As the term taken was really specific, we decided to make the 
comparison between our Ontolo ontology result and the whole “biological process” 
GO ontology. 
 
From the comparison we could distinguish exact results and similar results. Exact and 
similar results are defined as in the high-level evaluation.  
 
The results are quite different from the one of the high-level evaluation as we found 
only one result that was identical in both Ontolo and GO but not under the “cell 
aging” node, and as we only found one similar result under the “cell aging” node. 
The others were still from the “biological process” ontology but located to different 
nodes. 
Below you can find a table that shows the different results and the node they derived 
from. As we have only one exact result, we have decided to incorporate it in the array.  
 

Ontolo result GO result Node in GO 
Cell endothelial Endothelial cell 

differentiation 
Cell differentiation 

Cell oocyte Oocyte cell fate 
determination 

Cell differentiation 

Cell dendritic Dendritic cell 
differentiation 

Cell differentiation 

Cell growth Cell growth Cell growth / or maintenance 
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Cell induced apoptesis Induction of apoptesis Cell death 
Cell activity telomere 
telomerase 

Telomerase-dependent 
telomere maintenance 

Cell growth / or maintenance 

Senescence cell epithalial 
tissue 

Epithelial cell 
differentiation 

Cell differentiation 

Cell proliferative activity Cell proliferation Cell growth / or maintenance 
Cell oxidatively stress Age dependent response to 

oxidative stress 
Cell aging 

DNA aged repair DNA repair Physiological process  
 
Figure 7.5 Similar results from Ontolo and GO in “biological process” ontology for 
“cell aging” term. 
 
Furthermore, in our ontology result, we found a lot the word “senescence” but the 
word is not in any of the GO ontologies. This word appeared in 68 articles of 300 
articles inserted for the analysis, so in 23% of the whole set of articles. We checked its 
definition, senescence is a “process of aging”, so it applies in the “cell aging” concept 
because it is certainly used by scientists as a synonym of “aging”. 
 This term should also be in the GO ontology “biological process” as a synonym of 
“aging”. But its absence is certainly due to the fact that the GO ontology have been 
created by hand and that new things are still being added everyday.  
This low-level evaluation, Ontolo has allowed the discovery of a term that should 
certainly be part of the GO ontology. 
 
2. Viral capsid 
 
The term “viral capsid” belongs to the “cellular component” ontology of GO and is 
located under “Virion”. 
We have also inserted 300 articles found on PubMed with the keyword “viral capsid” 
in our system. 
For the evaluation, we have proceed as for “cell aging” by comparing the results with 
the whole “cellular component” ontology. 
We found only one exact result but not under “viral capsid”, and some similar results 
belonging and not belonging to “virion”. 
 
The table below shows those results: 
 

Ontolo result GO result Node in GO 
RNA RNA Obsolete Cellular Component 
Virus RNA RNA viral genome Virion/viral genome 
Virus particle Virion (complete virus 

particle) 
Virion 
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Genome virus Viral genome Virion/viral genome 
Dna protein nucleocapsid Viral nucleocapsid Virion/viral capsid 
Iga vca npc Nuclear pore (NPC) Cell 
Virus replication Viral replication complex Cell 
Protein tegument Viral tegument Virion 
Integrin binds Integrin complex Cell 
Capsid microtubule microtubule Cell 
I2 nd10 PML body (ND10) Cell 

 
Figure 7.6 Similar results from Ontolo and GO in “cellular component” ontology for 
“viral capsid” term. 
 
In this evaluation, we have not discovered a term that should be in the Gene Ontology 
of “cellular component” as we did with “cell aging”.  
But from both low-level evaluations, we have remark that we do not get many results 
specific to the term inserted in the system but more general results oriented around the 
term, meaning results that are in the ontology but not at the same level as the term. 
 
7.2.4 Conclusion of the ontology evaluation 
 
We can conclude that the results of the low-level ontology are really less specific of 
the queried term than the one from the high-level evaluation.  
We think that this is due to the fact that when a scientist deals with a specific term in 
an article, he may also deal with the topic area, so the text will not only be related to 
the specific term in the article. 
Whereas for the high-level evaluation, by taking the word “binding”, we were 
conscious that we would not find any articles dealing with only this word, because 
“binding” is always a notion related to a noun. So it was obvious that the results 
found with the high level evaluation would gave more precision of the “binding” term 
and so would be in our sense better results than for the low level evaluation. 
The high-level evaluation has also revealed that for high level concepts that can be 
used in several domains, we cannot get lots of results when comparing with the Gene 
Ontology, because they are certainly articles inserted in the system that do not deal 
with biology. 
Furthermore, the evaluation has been made with just a few hundreds of articles, so 
they cannot cover the whole topic of a concept. Thereby, to improve the results, so to 
find more common things between Ontolo and GO, we should insert a lot more 
articles in the system. 
However, we didn’t expected, while doing the low-level evaluation of “cell aging”, 
the discovery of a term absent of the GO ontology that was quite recurrent in the set 
of articles. This has shown that Ontolo can be used to discover new terms that need to 
be added in the existing GO. 



 51

 

 
 
Chapter 8 
 
Conclusion 
 
8.1 Conclusion 
 
As a part of the ontology projects run at the ADIT division, this work has contributed 
to the development of the system Ontolo that builds ontology from biological texts.  
The system works in two phases: first an article information insertion phase that 
requires the user to enter text in the system and then a second phase that analyses a set 
of articles information and builds the ontology of the articles domain. 
 
The ontology results of the system are still quite simple, as the system does not 
support any ontology language like DAML+OIL or OWL. However they are 
promising according to the evaluation results. The evaluation has shown that we semi-
automatically find common results with the GO ontologies, which have been made 
manually, by inserting articles taken on Internet in our system. To get more common 
results, many articles should be inserted in the system. This system is going to evolve, 
as the database will grow up by being filled more. 
On the interface level, the tool is really intuitive with a nice display of the different 
components.  
The system can still be improved and we will deal with it in the future work part of 
this chapter. 
 
8.2 Future Work 
 
There are different future works that could be done on the system. 
 
8.2.1 System-Automation 
 
Actually the system extracts information from articles in a semi-automatic way. By 
semi-automatic, we mean that the user needs actually to do many steps to enter each 
article in our system: 

• Going on internet 
• Querying PubMed  
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• Selecting each article found 
• Copying each article 
• Pasting them in our interface 
• Pressing the process button 

 
Those steps are quite long and boring to do for the user. A way to enhance the system 
would be to make it completely automatic. 
One way to make this task simpler would be to directly propose to the user to query 
PubMed via our interface by selecting the number of articles to process according to 
the total number of results of the query. In that way the user would just have to wait 
each text to be processed automatically. 
To do this work the task would be to analyse the HTML page of the results and to find 
the section with the articles and to navigate them one by one to copy their content.  
The processing of the articles would be quite long, but the user would not need to do 
the annoying parts herself. She would have the possibility to work on something else 
while waiting. 
 
8.2.2 More Structured Ontology construction  
 
From the ontology results perspective, another future work is possible. It would be on 
the results of the whole process of the articles, meaning the derived controlled 
vocabulary. A work can be done to find hierarchies between the different created 
concepts. By hierarchy we mean a way to group the concepts that share some 
common words. We do not mean hierarchy on the ontology level with the “Is-a” 
relations. 
 
For example: 
 
If in the tree you find the concepts  
 

 

 
 

 
It should be possible to create a node Coli with the corresponding leaf nodes:  
coa 5, gene e, protein, resistance, transcription 
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8.2.3 More complex Ontology 
 
Other future works can be done on the system to make the ontology more like the 
other ontology existing, meaning by creating it with an ontology language like 
DAML+OIL. Furthermore, “is-a” and “part of” relationships among the nodes should 
be added.  
Finally, a future work could link Ontolo and Sambo (the ontology merging tool 
developed in ADIT division) as modules of a new ontology engineering tool, Ontolo 
being used to create ontologies and Sambo to merge ontologies.  
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Glossary 
 
DAML+OIL:  DARPA Markup Language with Ontology Inference Layer 
 
DARPA: U.S Defense Advanced Research Project Agency 
 
GO: Gene Ontology 
 
Medline: NLM's (National Library of Medicine) premier bibliographic database 
containing over 11 million references to journal articles in life sciences with a 
concentration on biomedicine.  Medline can be search via PubMed [40] search engine. 
 
OWL:  Ontology Web Language 
 
PubMed: Medline’s articles search engine. 
 
TAMBIS: Transparent Access to Multiple Bioinformatics Information Sources 
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Appendix A 
 
The Pen Treebank Tagset 
 
Here are the most important tags. See also [35] 
 
POS Tag   Description      Example 
CC    coordinating conjunction    and 
CD    cardinal number     1, third 
DT    determiner      the 
EX    existential there     there is 
FW    foreign word      d'hoevre 
IN    preposition/subordinating conjunction  in, of, like 
JJ    adjective      green 
JJR    adjective, comparative    greener 
JJS    adjective, superlative     greenest 
LS    list marker      1) 
MD    modal       could, will 
NN    noun, singular or mass    table 
NNS    noun plural      tables 
NNP    proper noun, singular     John 
NNPS    proper noun, plural     Vikings 
PDT    predeterminer      both the boys 
POS    possessive ending     friend's 
PRP    personal pronoun     I, he, it 
PRP$    possessive pronoun     my, his 
RB    adverb       however, usually, 
naturally, here, good 
RBR    adverb, comparative     better 
RBS    adverb, superlative     best 
RP    particle      give up 
TO    to       to go, to him 
UH    interjection      uhhuhhuhh 
VB    verb, base form     take 
VBD    verb, past tense     took 
VBG    verb, gerund/present participle   taking 
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APPENDIX A. THE PEN TREEBANK TAGSET 
 
 
VBN    verb, past participle     taken 
VBP    verb, sing. present, non-3d    take 
VBZ    verb, 3rd person sing. present   takes 
WDT    wh-determiner     which 
WP    wh-pronoun      who, what 
WP$    possessive wh-pronoun    whose 
WRB    wh-abverb      where, when 
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Appendix B: 
 
Ontology result for “binding” in Gene 
Ontology 
 
http://godatabase.org/cgi-
bin/go.cgi?open_0=GO:0016917&open_1=GO:0003673&open_1=GO:0016917&ope
n_1=GO:0005488&open_1=GO:0042277&open_1=GO:0001653&open_1=GO:0008
528&open_1=GO:0005102&open_1=GO:0003676&open_1=GO:0005515  
 
 

GO:0003673 : Gene_Ontology (120591)  
       GO:0008150 : biological_process (72641) 
       GO:0005575 : cellular_component (59242) 
       GO:0003674 : molecular_function (94552) 
             GO:0005488 : binding (23601)  
                   GO:0000035 : acyl binding (0) 
                   GO:0016597 : amino acid binding (28) 
                   GO:0003823 : antigen binding (195) 
                   GO:0008367 : bacterial binding (8) 
                   GO:0046714 : boron binding (0) 
                   GO:0046904 : calcium oxalate binding (0) 
                   GO:0030246 : carbohydrate binding (291) 
                   GO:0048037 : cofactor binding (3) 
                   GO:0008144 : drug binding (75) 
                   GO:0005539 : glycosaminoglycan binding (69) 
                   GO:0030492 : hemoglobin binding (4) 
                   GO:0042562 : hormone binding (11) 
                   GO:0046810 : host cell extracellular matrix binding (1) 
                   GO:0046812 : host cell surface binding (18) 
                   GO:0046848 : hydroxyapatite binding (8) 
                   GO:0019840 : isoprenoid binding (35) 
                   GO:0008289 : lipid binding (395) 
                   GO:0001530 : lipopolysaccharide binding (14) 
                   GO:0008034 : lipoprotein binding (50) 
                   GO:0046872 : metal ion binding (1968) 
                   GO:0050436 : microfibril binding (0) 
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                   GO:0042165 : neurotransmitter binding (96) 
                         GO:0030594 : neurotransmitter receptor activity (95) 
                               GO:0016917 : GABA receptor activity (49)  
                                     GO:0004890 : GABA-A receptor activity (43) 
                                     GO:0004965 : GABA-B receptor activity (6) 
                   GO:0003676 : nucleic acid binding (11207)  
                         GO:0003677 : DNA binding (8031) 
                               GO:0003690 : double-stranded DNA binding (54)  
                                     GO:0000739 : DNA strand annealing activity (4) 
                                     GO:0003691 : double-stranded telomeric DNA binding (0)
                         GO:0003723 : RNA binding (2250) 
                         GO:0008135 : translation factor activity, nucleic acid binding 
(494) 
                   GO:0000166 : nucleotide binding (2669) 
                   GO:0005549 : odorant binding (145) 
                   GO:0019825 : oxygen binding (265) 
                   GO:0008658 : penicillin binding (23) 
                   GO:0042277 : peptide binding (461)  
                         GO:0016018 : cyclosporin A binding (16) 
                         GO:0042923 : neuropeptide binding (122) 
                         GO:0042605 : peptide antigen binding (40) 
                         GO:0001653 : peptide receptor activity (312)  
                               GO:0016941 : natriuretic peptide receptor activity (1) 
                               GO:0008528 : peptide receptor activity, G-protein coupled 
(302)  
                                     GO:0001605 : adrenomedullin receptor activity (0) 
                                     GO:0008261 : allatostatin receptor activity (11) 
                                     GO:0004942 : anaphylatoxin receptor activity (7) 
                                     GO:0001595 : angiotensin receptor activity (13) 
                                     GO:0004946 : bombesin receptor activity (6) 
                                     GO:0004947 : bradykinin receptor activity (5) 
                                     GO:0001598 : chemokine receptor-like receptor activity 
(0) 
                                     GO:0004951 : cholecystokinin receptor activity (7) 
                                     GO:0004962 : endothelin receptor activity (7) 
                                     GO:0001637 : G-protein chemoattractant receptor activity 
(63) 
                                     GO:0004966 : galanin receptor activity (6) 
                                     GO:0001606 : GPR37/endothelin B-like receptor activity 
(0) 
                                     GO:0004977 : melanocortin receptor activity (9) 
                                     GO:0035013 : myosuppressin receptor activity (0) 
                                     GO:0004982 : N-formyl peptide receptor activity (6) 
                                     GO:0008188 : neuropeptide receptor activity (122) 
                                     GO:0016492 : neurotensin receptor activity, G-protein 
coupled (2) 
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                                     GO:0004985 : opioid receptor activity (34) 
                                     GO:0016499 : orexin receptor activity (0) 
                                     GO:0001648 : proteinase activated receptor activity (0) 
                                     GO:0004994 : somatostatin receptor activity (13) 
                                     GO:0015057 : thrombin receptor activity (8) 
                                     GO:0001604 : urotensin II receptor activity (0) 
                                     GO:0001603 : vasopressin-like receptor activity (11) 
                         GO:0005048 : signal sequence binding (92) 
                   GO:0042301 : phosphate binding (18) 
                   GO:0019808 : polyamine binding (0) 
                   GO:0005515 : protein binding (6352)  
                         GO:0042805 : actinin binding (0) 
                         GO:0048185 : activin binding (3) 
                         GO:0045294 : alpha-catenin binding (7) 
                         GO:0045152 : antisigma factor binding (1) 
                         GO:0030306 : ARF binding (3) 
                         GO:0043008 : ATP-dependent protein binding (0) 
                         GO:0030881 : beta-2-microglobulin binding (0) 
                         GO:0001540 : beta-amyloid binding (11) 
                         GO:0008013 : beta-catenin binding (22) 
                         GO:0045296 : cadherin binding (2) 
                         GO:0005516 : calmodulin binding (256) 
                         GO:0042980 : CFTR binding (0) 
                         GO:0030276 : clathrin binding (41) 
                         GO:0005518 : collagen binding (17) 
                         GO:0030332 : cyclin binding (10) 
                         GO:0019955 : cytokine binding (116) 
                         GO:0008092 : cytoskeletal protein binding (814) 
                         GO:0045502 : dynein binding (14) 
                         GO:0019899 : enzyme binding (112) 
                         GO:0008190 : eukaryotic initiation factor 4E binding (2) 
                         GO:0048184 : follistatin binding (0) 
                         GO:0045295 : gamma-catenin binding (0) 
                         GO:0019838 : growth factor binding (39) 
                         GO:0030742 : GTP-dependent protein binding (2) 
                         GO:0042393 : histone binding (27) 
                         GO:0030544 : Hsp70 protein binding (5) 
                         GO:0019865 : immunoglobulin binding (5) 
                         GO:0008262 : importin-alpha export receptor activity (6) 
                         GO:0019215 : intermediate filament binding (3) 
                         GO:0019793 : ISG15 carrier activity (0) 
                         GO:0017170 : KU70 binding (1) 
                         GO:0005521 : lamin binding (5) 
                         GO:0016030 : metarhodopsin binding (2) 
                         GO:0042043 : neurexin binding (14) 
                         GO:0008267 : poly-glutamine tract binding (2) 
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                         GO:0017046 : polypeptide hormone binding (3) 
                         GO:0005522 : profilin binding (19) 
                         GO:0045308 : protein amino acid binding (37) 
                         GO:0030674 : protein binding, bridging (6) 
                         GO:0008022 : protein C-terminus binding (30) 
                         GO:0008320 : protein carrier activity (53) 
                         GO:0046983 : protein dimerization activity (110) 
                         GO:0019904 : protein domain specific binding (80) 
                         GO:0047485 : protein N-terminus binding (0) 
                         GO:0042802 : protein self binding (75) 
                         GO:0008536 : RAN protein binding (54) 
                         GO:0017048 : Rho binding (5) 
                         GO:0042153 : RPTP-like protein binding (0) 
                         GO:0048155 : S100 alpha binding (4) 
                         GO:0048154 : S100 beta binding (4) 
                         GO:0046332 : SMAD binding (3) 
                         GO:0000149 : SNARE binding (29) 
                         GO:0045545 : syndecan binding (3) 
                         GO:0046977 : TAP binding (6) 
                         GO:0046980 : tapasin binding (17) 
                         GO:0017025 : TATA-binding protein binding (8) 
                         GO:0048156 : tau protein binding (5) 
                         GO:0045569 : TRAIL binding (4) 
                         GO:0008134 : transcription factor binding (664) 
                         GO:0017147 : Wnt-protein binding (14) 
                         GO:0042988 : X11-like protein binding (0) 
                   GO:0030170 : pyridoxal phosphate binding (8) 
                   GO:0005102 : receptor binding (1227)  
                         GO:0050681 : androgen receptor binding (0) 
                         GO:0050749 : apolipoprotein E receptor binding (0) 
                         GO:0017162 : aryl hydrocarbon receptor binding (3) 
                         GO:0005103 : baboon binding (0) 
                         GO:0030156 : benzodiazepine receptor binding (1) 
                         GO:0042615 : CD154 receptor binding (0) 
                         GO:0042609 : CD4 receptor binding (0) 
                         GO:0042614 : CD70 receptor binding (1) 
                         GO:0042610 : CD8 receptor binding (0) 
                         GO:0042056 : chemoattractant activity (89) 
                         GO:0045499 : chemorepellant activity (3) 
                         GO:0005125 : cytokine activity (366) 
                         GO:0005123 : death receptor binding (12) 
                         GO:0046875 : ephrin receptor binding (7) 
                         GO:0030331 : estrogen receptor binding (4) 
                         GO:0001664 : G-protein-coupled receptor binding (89) 
                         GO:0008083 : growth factor activity (209) 
                         GO:0005179 : hormone activity (246) 
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                         GO:0046789 : host cell surface receptor binding (18) 
                         GO:0005158 : insulin receptor binding (12) 
                         GO:0005159 : insulin-like growth factor receptor binding (6) 
                         GO:0005178 : integrin binding (51) 
                         GO:0030370 : intercellular adhesion molecule-3 receptor binding 
(0) 
                         GO:0050750 : low-density lipoprotein receptor binding (0) 
                         GO:0042287 : MHC protein binding (87) 
                         GO:0046703 : natural killer cell lectin-like receptor binding (5) 
                         GO:0042922 : neuromedin U receptor binding (0) 
                         GO:0005112 : Notch binding (32) 
                         GO:0001515 : opioid peptide activity (11) 
                         GO:0005113 : patched binding (3) 
                         GO:0042975 : peroxisome proliferator activated receptor binding 
(0) 
                         GO:0005186 : pheromone activity (13) 
                         GO:0005114 : punt binding (0) 
                         GO:0048018 : receptor agonist activity (0) 
                         GO:0048019 : receptor antagonist activity (20) 
                         GO:0005115 : receptor tyrosine kinase-like orphan receptor 
binding (0) 
                         GO:0042974 : retinoic acid receptor binding (0) 
                         GO:0046965 : retinoid X receptor binding (3) 
                         GO:0005116 : saxophone binding (0) 
                         GO:0005124 : scavenger receptor binding (0) 
                         GO:0030215 : semaphorin receptor binding (3) 
                         GO:0005118 : sevenless binding (4) 
                         GO:0005119 : smoothened binding (2) 
                         GO:0017098 : sulfonylurea receptor binding (2) 
                         GO:0042608 : T-cell receptor binding (7) 
                         GO:0005120 : thickveins binding (0) 
                         GO:0046966 : thyroid hormone receptor binding (23) 
                         GO:0005121 : Toll binding (12) 
                         GO:0005122 : torso binding (2) 
                         GO:0042809 : vitamin D receptor binding (10) 
                         GO:0005117 : wishful thinking binding (0) 
                   GO:0043021 : ribonucleoprotein binding (8) 
                   GO:0008430 : selenium binding (15) 
                   GO:0005496 : steroid binding (72) 
                   GO:0046906 : tetrapyrrole binding (57) 
                   GO:0046790 : virion binding (1) 
                   GO:0019842 : vitamin binding (37) 
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Appendix C: 
 
Ontology result for “behavior” in Gene 
Ontology 
 
 
http://www.godatabase.org/cgi-
bin/go.cgi?open_0=GO:0042417&open_1=GO:0003673&open_1=GO:0009987&ope
n_1=GO:0008151&open_1=GO:0008283&open_1=GO:0006810&open_1=GO:0008
150&open_1=GO:0007610&open_1=GO:0007582&open_1=GO:0007611  
 
 

GO:0003673 : Gene_Ontology (130309)  
       GO:0008150 : biological_process (78842)  
             GO:0007610 : behavior (1077)  
                   GO:0030534 : adult behavior (181) 
                   GO:0001662 : behavioral fear response (16) 
                   GO:0048266 : behavioral response to pain (0) 
                   GO:0042630 : behavioral response to water deprivation (0) 
                   GO:0007635 : chemosensory behavior (35) 
                   GO:0007631 : feeding behavior (54) 
                   GO:0007625 : grooming behavior (16) 
                   GO:0030537 : larval behavior (47) 
                   GO:0007611 : learning and/or memory (225)  
                         GO:0007612 : learning (103) 
                         GO:0007613 : memory (60) 
                   GO:0007626 : locomotory behavior (409) 
                   GO:0007638 : mechanosensory behavior (27) 
                   GO:0050795 : regulation of behavior (132) 
                   GO:0019098 : reproductive behavior (231) 
                   GO:0007622 : rhythmic behavior (250) 
                   GO:0040040 : thermosensory behavior (4) 
                   GO:0007632 : visual behavior (23) 
             GO:0000004 : biological_process unknown (15213) 
             GO:0009987 : cellular process (29557)  
                   GO:0007154 : cell communication (8197) 
                         GO:0007267 : cell-cell signaling (1224) 



 72

                               GO:0019226 : transmission of nerve impulse (752) 
                                     GO:0007268 : synaptic transmission (728) 
                                           GO:0001505 : regulation of neurotransmitter levels 
(410) 
                                                 GO:0042133 : neurotransmitter metabolism (48) 
                                                       GO:0042417 : dopamine metabolism (27) 
                   GO:0008219 : cell death (1398) 
                   GO:0030154 : cell differentiation (1605) 
                   GO:0008151 : cell growth and/or maintenance (21215)  
                         GO:0006914 : autophagy (123) 
                         GO:0007114 : budding (128) 
                         GO:0016049 : cell growth (411) 
                         GO:0019725 : cell homeostasis (591) 
                         GO:0016043 : cell organization and biogenesis (5491) 
                         GO:0008283 : cell proliferation (4686)  
                               GO:0007049 : cell cycle (3319) 
                               GO:0000910 : cytokinesis (516) 
                               GO:0040016 : embryonic cleavage (24) 
                               GO:0050673 : epithelial cell proliferation (11) 
                               GO:0048144 : fibroblast proliferation (8) 
                               GO:0046651 : lymphocyte proliferation (108) 
                               GO:0042127 : regulation of cell proliferation (633) 
                               GO:0017145 : stem cell renewal (57) 
                         GO:0007349 : cellularization (31) 
                         GO:0030435 : sporulation (332) 
                         GO:0006949 : syncytium formation (1) 
                         GO:0006810 : transport (11722)  
                               GO:0046411 : 2-keto-3-deoxygluconate transport (0) 
                               GO:0019271 : aerobactin transport (0) 
                               GO:0042886 : amide transport (0) 
                               GO:0015837 : amine/polyamine transport (429) 
                               GO:0046713 : boron transport (2) 
                               GO:0008643 : carbohydrate transport (272) 
                               GO:0019750 : chloroplast transport (1) 
                               GO:0015893 : drug transport (108) 
                               GO:0006858 : extracellular transport (3) 
                               GO:0006856 : eye pigment precursor transport (5) 
                               GO:0042044 : fluid transport (58) 
                               GO:0015669 : gas transport (35) 
                               GO:0009914 : hormone transport (25) 
                               GO:0006818 : hydrogen transport (357) 
                               GO:0046907 : intracellular transport (2255) 
                               GO:0006811 : ion transport (1882) 
                               GO:0046864 : isoprenoid transport (4) 
                               GO:0042969 : lactone transport (0) 
                               GO:0006869 : lipid transport (243) 
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                               GO:0015920 : lipopolysaccharide transport (8) 
                               GO:0006836 : neurotransmitter transport (51) 
                               GO:0030185 : nitric oxide transport (0) 
                               GO:0015931 : nucleobase, nucleoside, nucleotide and nucleic 
acid transport (274) 
                               GO:0019755 : one-carbon compound transport (0) 
                               GO:0015849 : organic acid transport (497) 
                               GO:0015850 : organic alcohol transport (0) 
                               GO:0015833 : peptide transport (259) 
                               GO:0015835 : peptidoglycan transport (0) 
                               GO:0015791 : polyol transport (29) 
                               GO:0015031 : protein transport (1380) 
                               GO:0045045 : secretory pathway (4505) 
                               GO:0015891 : siderochrome transport (820) 
                               GO:0030180 : solute:solute exchange (8) 
                               GO:0016192 : vesicle-mediated transport (1525) 
                               GO:0046796 : viral genome transport (1) 
                               GO:0046794 : virion transport (20) 
                               GO:0015875 : vitamin/cofactor transport (75) 
                               GO:0042908 : xenobiotic transport (0) 
                   GO:0006928 : cell motility (1478) 
                   GO:0006944 : membrane fusion (176) 
                   GO:0050794 : regulation of cellular process (879) 
             GO:0007275 : development (10456) 
             GO:0008371 : obsolete biological process (290) 
             GO:0007582 : physiological process (55602)  
                   GO:0008218 : bioluminescence (1) 
                   GO:0046849 : bone remodeling (129) 
                   GO:0009758 : carbohydrate utilization (0) 
                   GO:0001775 : cell activation (374) 
                   GO:0008151 : cell growth and/or maintenance (21215)  
                         GO:0006914 : autophagy (123) 
                         GO:0007114 : budding (128) 
                         GO:0016049 : cell growth (411) 
                         GO:0019725 : cell homeostasis (591) 
                         GO:0016043 : cell organization and biogenesis (5491) 
                         GO:0008283 : cell proliferation (4686)  
                               GO:0007049 : cell cycle (3319) 
                               GO:0000910 : cytokinesis (516) 
                               GO:0040016 : embryonic cleavage (24) 
                               GO:0050673 : epithelial cell proliferation (11) 
                               GO:0048144 : fibroblast proliferation (8) 
                               GO:0046651 : lymphocyte proliferation (108) 
                               GO:0042127 : regulation of cell proliferation (633) 
                               GO:0017145 : stem cell renewal (57) 
                         GO:0007349 : cellularization (31) 
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                         GO:0030435 : sporulation (332) 
                         GO:0006949 : syncytium formation (1) 
                         GO:0006810 : transport (11722)  
                               GO:0046411 : 2-keto-3-deoxygluconate transport (0) 
                               GO:0019271 : aerobactin transport (0) 
                               GO:0042886 : amide transport (0) 
                               GO:0015837 : amine/polyamine transport (429) 
                               GO:0046713 : boron transport (2) 
                               GO:0008643 : carbohydrate transport (272) 
                               GO:0019750 : chloroplast transport (1) 
                               GO:0015893 : drug transport (108) 
                               GO:0006858 : extracellular transport (3) 
                               GO:0006856 : eye pigment precursor transport (5) 
                               GO:0042044 : fluid transport (58) 
                               GO:0015669 : gas transport (35) 
                               GO:0009914 : hormone transport (25) 
                               GO:0006818 : hydrogen transport (357) 
                               GO:0046907 : intracellular transport (2255) 
                               GO:0006811 : ion transport (1882) 
                               GO:0046864 : isoprenoid transport (4) 
                               GO:0042969 : lactone transport (0) 
                               GO:0006869 : lipid transport (243) 
                               GO:0015920 : lipopolysaccharide transport (8) 
                               GO:0006836 : neurotransmitter transport (51) 
                               GO:0030185 : nitric oxide transport (0) 
                               GO:0015931 : nucleobase, nucleoside, nucleotide and nucleic 
acid transport (274) 
                               GO:0019755 : one-carbon compound transport (0) 
                               GO:0015849 : organic acid transport (497) 
                               GO:0015850 : organic alcohol transport (0) 
                               GO:0015833 : peptide transport (259) 
                               GO:0015835 : peptidoglycan transport (0) 
                               GO:0015791 : polyol transport (29) 
                               GO:0015031 : protein transport (1380) 
                               GO:0045045 : secretory pathway (4505) 
                               GO:0015891 : siderochrome transport (820) 
                               GO:0030180 : solute:solute exchange (8) 
                               GO:0016192 : vesicle-mediated transport (1525) 
                               GO:0046796 : viral genome transport (1) 
                               GO:0046794 : virion transport (20) 
                               GO:0015875 : vitamin/cofactor transport (75) 
                               GO:0042908 : xenobiotic transport (0) 
                   GO:0008015 : circulation (233) 
                   GO:0010031 : circumnutation (2) 
                   GO:0050817 : coagulation (122) 
                   GO:0000746 : conjugation (187) 
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                   GO:0016265 : death (1560) 
                   GO:0009900 : dehiscence (3) 
                   GO:0007586 : digestion (96) 
                   GO:0030146 : diuresis (3) 
                   GO:0007588 : excretion (79) 
                   GO:0043062 : extracellular structure organization and biogenesis 
(167) 
                   GO:0009844 : germination (62) 
                   GO:0007599 : hemostasis (134) 
                   GO:0042592 : homeostasis (652) 
                   GO:0020021 : host cell immortalization (0) 
                   GO:0007595 : lactation (34) 
                   GO:0042698 : menstrual cycle (43) 
                   GO:0008152 : metabolism (34935) 
                         GO:0006066 : alcohol metabolism (1043) 
                               GO:0018958 : phenol metabolism (54) 
                                     GO:0006584 : catecholamine metabolism (37) 
                                           GO:0042417 : dopamine metabolism (27) 
                         GO:0009308 : amine metabolism (2232) 
                               GO:0006576 : biogenic amine metabolism (278) 
                                     GO:0006584 : catecholamine metabolism (37) 
                                           GO:0042417 : dopamine metabolism (27) 
                         GO:0006519 : amino acid and derivative metabolism (2320) 
                               GO:0006575 : amino acid derivative metabolism (659) 
                                     GO:0006576 : biogenic amine metabolism (278) 
                                           GO:0006584 : catecholamine metabolism (37) 
                                                 GO:0042417 : dopamine metabolism (27) 
                         GO:0006725 : aromatic compound metabolism (892) 
                               GO:0018958 : phenol metabolism (54) 
                                     GO:0006584 : catecholamine metabolism (37) 
                                           GO:0042417 : dopamine metabolism (27) 
                         GO:0042133 : neurotransmitter metabolism (48) 
                               GO:0042417 : dopamine metabolism (27) 
                   GO:0042303 : molting cycle (72) 
                   GO:0009877 : nodulation (1) 
                   GO:0009935 : nutrient uptake (5) 
                   GO:0007567 : parturition (9) 
                   GO:0009405 : pathogenesis (220) 
                   GO:0030432 : peristalsis (2) 
                   GO:0015979 : photosynthesis (89) 
                   GO:0009856 : post-pollination (30) 
                   GO:0007565 : pregnancy (73) 
                   GO:0050791 : regulation of physiological process (9) 
                   GO:0007585 : respiratory gaseous exchange (42) 
                   GO:0009719 : response to endogenous stimulus (1580) 
                   GO:0009605 : response to external stimulus (5860) 
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                   GO:0006950 : response to stress (3865) 
                   GO:0046903 : secretion (656) 
                   GO:0010162 : seed dormancy (3) 
                   GO:0030431 : sleep (41) 
                   GO:0010118 : stomatal movement (6) 
                   GO:0001659 : thermoregulation (3) 
             GO:0050789 : regulation of biological process (1170) 
             GO:0016032 : viral life cycle (240) 
       GO:0005575 : cellular_component (65869) 
       GO:0003674 : molecular_function (99474) 
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Appendix D: 
 
Ontology result for “cell aging” in Gene 
Ontology 
 
 
http://www.godatabase.org/cgi-
bin/go.cgi?open_1=GO:0003673&open_1=GO:0008150&open_1=GO:0009987&ope
n_1=GO:0030154&open_1=GO:0008219&open_1=GO:0008151&open_1=GO:0009
994&open_1=GO:0030706&open_1=GO:0030099&open_1=GO:0012501&open_1=
GO:0006915&open_1=GO:0042981&open_1=GO:0043065&open_1=GO:0007569&
open_1=GO:0007571&open_1=GO:0007582&open_1=GO:0008152&open_1=GO:0
006139&open_1=GO:0006259  
 
 

GO:0003673 : Gene_Ontology (130309)  
       GO:0008150 : biological_process (78842)  
             GO:0007610 : behavior (1077) 
             GO:0000004 : biological_process unknown (15213) 
             GO:0009987 : cellular process (29557)  
                   GO:0007154 : cell communication (8197) 
                   GO:0008219 : cell death (1398)  
                         GO:0007569 : cell aging (46)  
                               GO:0007571 : age dependent general metabolic decline 
(4)  
                                     GO:0001323 : age dependent general metabolic decline 
during chronological cell aging (2) 
                                     GO:0001321 : age dependent general metabolic decline 
during replicative cell aging (2) 
                                     GO:0001306 : age dependent response to oxidative stress 
(2) 
                               GO:0001300 : chronological cell aging (4) 
                               GO:0007576 : nucleolar fragmentation (0) 
                               GO:0001301 : progressive alteration of chromatin during cell 
aging (15) 
                               GO:0001302 : replicative cell aging (28) 
                         GO:0019835 : cytolysis (32) 
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                         GO:0012501 : programmed cell death (1256)  
                               GO:0006915 : apoptosis (1189)  
                                     GO:0008632 : apoptotic program (148) 
                                     GO:0045476 : nurse cell apoptosis (16) 
                                     GO:0006924 : programmed cell death, activated T-cells (2) 
                                     GO:0001783 : programmed cell death, B-cells (0) 
                                     GO:0006925 : programmed cell death, inflammatory cells 
(0) 
                                     GO:0006927 : programmed cell death, transformed cells 
(3) 
                                     GO:0006926 : programmed cell death, virus-infected cells 
(1) 
                                     GO:0042981 : regulation of apoptosis (688)  
                                           GO:0043066 : negative regulation of apoptosis (323) 
                                           GO:0043065 : positive regulation of apoptosis 
(368)  
                                                 GO:0006917 : induction of apoptosis (368) 
                               GO:0048102 : autophagic cell death (2) 
                               GO:0009626 : hypersensitive response (23) 
                               GO:0016244 : non-apoptotic programmed cell death (2) 
                               GO:0001781 : programmed cell death, neutrophils (2) 
                               GO:0043067 : regulation of programmed cell death (370) 
                               GO:0046666 : retinal programmed cell death (30) 
                               GO:0035071 : salivary gland cell death (0) 
                         GO:0010198 : synergid cell death (0) 
                   GO:0030154 : cell differentiation (1605)  
                         GO:0045444 : adipocyte differentiation (12) 
                         GO:0035051 : cardiac cell differentiation (25) 
                         GO:0045165 : cell fate commitment (478) 
                         GO:0000904 : cellular morphogenesis during differentiation (116) 
                         GO:0042675 : cone cell differentiation (13) 
                         GO:0045446 : endothelial cell differentiation (11) 
                         GO:0009913 : epidermal cell differentiation (74) 
                         GO:0030855 : epithelial cell differentiation (71) 
                         GO:0007514 : garland cell differentiation (0) 
                         GO:0009844 : germination (62) 
                         GO:0010001 : glial cell differentiation (36) 
                         GO:0042386 : hemocyte differentiation (12) 
                         GO:0030216 : keratinocyte differentiation (18) 
                         GO:0030098 : lymphocyte differentiation (175) 
                         GO:0042490 : mechanoreceptor differentiation (50) 
                         GO:0030318 : melanocyte differentiation (14) 
                         GO:0042692 : muscle cell differentiation (11) 
                         GO:0030099 : myeloid blood cell differentiation (98)  
                               GO:0043011 : dendritic cell differentiation (6) 
                               GO:0030218 : erythrocyte differentiation (29) 
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                               GO:0030851 : granulocyte differentiation (10) 
                               GO:0030225 : macrophage differentiation (25) 
                               GO:0030219 : megakaryocyte differentiation (9) 
                               GO:0030224 : monocyte differentiation (11) 
                               GO:0030220 : platelet formation (1) 
                               GO:0045637 : regulation of myeloid blood cell differentiation 
(31) 
                         GO:0045445 : myoblast differentiation (18) 
                         GO:0030182 : neuron differentiation (92) 
                         GO:0001742 : oenocyte differentiation (16) 
                         GO:0009994 : oocyte differentiation (61)  
                               GO:0030706 : oocyte differentiation (sensu Insecta) (40)  
                                     GO:0007294 : oocyte cell fate determination (sensu 
Insecta) (40) 
                               GO:0001556 : oocyte maturation (11) 
                         GO:0001649 : osteoblast differentiation (8) 
                         GO:0030316 : osteoclast differentiation (37) 
                         GO:0046530 : photoreceptor cell differentiation (194) 
                         GO:0045595 : regulation of cell differentiation (218) 
                         GO:0007286 : spermatid development (157) 
                         GO:0001570 : vasculogenesis (18) 
                   GO:0008151 : cell growth and/or maintenance (21215)  
                         GO:0006914 : autophagy (123) 
                         GO:0007114 : budding (128) 
                         GO:0016049 : cell growth (411) 
                         GO:0019725 : cell homeostasis (591) 
                         GO:0016043 : cell organization and biogenesis (5491) 
                         GO:0008283 : cell proliferation (4686) 
                         GO:0007349 : cellularization (31) 
                         GO:0030435 : sporulation (332) 
                         GO:0006949 : syncytium formation (1) 
                         GO:0006810 : transport (11722) 
                   GO:0006928 : cell motility (1478) 
                   GO:0006944 : membrane fusion (176) 
                   GO:0050794 : regulation of cellular process (879) 
             GO:0007275 : development (10456) 
                   GO:0007568 : aging (202) 
                         GO:0007569 : cell aging (46)  
                               GO:0007571 : age dependent general metabolic decline 
(4)  
                                     GO:0001323 : age dependent general metabolic decline 
during chronological cell aging (2) 
                                     GO:0001321 : age dependent general metabolic decline 
during replicative cell aging (2) 
                                     GO:0001306 : age dependent response to oxidative stress 
(2) 
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                               GO:0001300 : chronological cell aging (4) 
                               GO:0007576 : nucleolar fragmentation (0) 
                               GO:0001301 : progressive alteration of chromatin during cell 
aging (15) 
                               GO:0001302 : replicative cell aging (28) 
                   GO:0030154 : cell differentiation (1605)  
                         GO:0045444 : adipocyte differentiation (12) 
                         GO:0035051 : cardiac cell differentiation (25) 
                         GO:0045165 : cell fate commitment (478) 
                         GO:0000904 : cellular morphogenesis during differentiation (116) 
                         GO:0042675 : cone cell differentiation (13) 
                         GO:0045446 : endothelial cell differentiation (11) 
                         GO:0009913 : epidermal cell differentiation (74) 
                         GO:0030855 : epithelial cell differentiation (71) 
                         GO:0007514 : garland cell differentiation (0) 
                         GO:0009844 : germination (62) 
                         GO:0010001 : glial cell differentiation (36) 
                         GO:0042386 : hemocyte differentiation (12) 
                         GO:0030216 : keratinocyte differentiation (18) 
                         GO:0030098 : lymphocyte differentiation (175) 
                         GO:0042490 : mechanoreceptor differentiation (50) 
                         GO:0030318 : melanocyte differentiation (14) 
                         GO:0042692 : muscle cell differentiation (11) 
                         GO:0030099 : myeloid blood cell differentiation (98)  
                               GO:0043011 : dendritic cell differentiation (6) 
                               GO:0030218 : erythrocyte differentiation (29) 
                               GO:0030851 : granulocyte differentiation (10) 
                               GO:0030225 : macrophage differentiation (25) 
                               GO:0030219 : megakaryocyte differentiation (9) 
                               GO:0030224 : monocyte differentiation (11) 
                               GO:0030220 : platelet formation (1) 
                               GO:0045637 : regulation of myeloid blood cell differentiation 
(31) 
                         GO:0045445 : myoblast differentiation (18) 
                         GO:0030182 : neuron differentiation (92) 
                         GO:0001742 : oenocyte differentiation (16) 
                         GO:0009994 : oocyte differentiation (61)  
                               GO:0030706 : oocyte differentiation (sensu Insecta) (40)  
                                     GO:0007294 : oocyte cell fate determination (sensu 
Insecta) (40) 
                               GO:0001556 : oocyte maturation (11) 
                         GO:0001649 : osteoblast differentiation (8) 
                         GO:0030316 : osteoclast differentiation (37) 
                         GO:0046530 : photoreceptor cell differentiation (194) 
                         GO:0045595 : regulation of cell differentiation (218) 
                         GO:0007286 : spermatid development (157) 
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                         GO:0001570 : vasculogenesis (18) 
                   GO:0009653 : morphogenesis (5592) 
                         GO:0009887 : organogenesis (4398) 
                               GO:0030097 : hemopoiesis (377) 
                                     GO:0030099 : myeloid blood cell differentiation (98)  
                                           GO:0043011 : dendritic cell differentiation (6) 
                                           GO:0030218 : erythrocyte differentiation (29) 
                                           GO:0030851 : granulocyte differentiation (10) 
                                           GO:0030225 : macrophage differentiation (25) 
                                           GO:0030219 : megakaryocyte differentiation (9) 
                                           GO:0030224 : monocyte differentiation (11) 
                                           GO:0030220 : platelet formation (1) 
                                           GO:0045637 : regulation of myeloid blood cell 
differentiation (31) 
                   GO:0000003 : reproduction (2168) 
                         GO:0019953 : sexual reproduction (1803) 
                               GO:0007276 : gametogenesis (1509) 
                                     GO:0007292 : female gamete generation (781) 
                                           GO:0009994 : oocyte differentiation (61)  
                                                 GO:0030706 : oocyte differentiation (sensu 
Insecta) (40)  
                                                       GO:0007294 : oocyte cell fate determination 
(sensu Insecta) (40) 
                                                 GO:0001556 : oocyte maturation (11) 
                                           GO:0009993 : oogenesis (sensu Insecta) (386) 
                                                 GO:0007293 : egg chamber formation (sensu 
Insecta) (82) 
                                                       GO:0030706 : oocyte differentiation (sensu 
Insecta) (40)  
                                                             GO:0007294 : oocyte cell fate 
determination (sensu Insecta) (40) 
             GO:0008371 : obsolete biological process (290) 
             GO:0007582 : physiological process (55602)  
                   GO:0008218 : bioluminescence (1) 
                   GO:0046849 : bone remodeling (129) 
                   GO:0009758 : carbohydrate utilization (0) 
                   GO:0001775 : cell activation (374) 
                   GO:0008151 : cell growth and/or maintenance (21215)  
                         GO:0006914 : autophagy (123) 
                         GO:0007114 : budding (128) 
                         GO:0016049 : cell growth (411) 
                         GO:0019725 : cell homeostasis (591) 
                         GO:0016043 : cell organization and biogenesis (5491) 
                         GO:0008283 : cell proliferation (4686) 
                         GO:0007349 : cellularization (31) 
                         GO:0030435 : sporulation (332) 
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                         GO:0006949 : syncytium formation (1) 
                         GO:0006810 : transport (11722) 
                   GO:0008015 : circulation (233) 
                   GO:0010031 : circumnutation (2) 
                   GO:0050817 : coagulation (122) 
                   GO:0000746 : conjugation (187) 
                   GO:0016265 : death (1560) 
                         GO:0007568 : aging (202) 
                               GO:0007569 : cell aging (46)  
                                     GO:0007571 : age dependent general metabolic decline 
(4)  
                                           GO:0001323 : age dependent general metabolic decline 
during chronological cell aging (2) 
                                           GO:0001321 : age dependent general metabolic decline 
during replicative cell aging (2) 
                                           GO:0001306 : age dependent response to oxidative 
stress (2) 
                                     GO:0001300 : chronological cell aging (4) 
                                     GO:0007576 : nucleolar fragmentation (0) 
                                     GO:0001301 : progressive alteration of chromatin during 
cell aging (15) 
                                     GO:0001302 : replicative cell aging (28) 
                         GO:0008219 : cell death (1398)  
                               GO:0007569 : cell aging (46)  
                                     GO:0007571 : age dependent general metabolic decline 
(4)  
                                           GO:0001323 : age dependent general metabolic decline 
during chronological cell aging (2) 
                                           GO:0001321 : age dependent general metabolic decline 
during replicative cell aging (2) 
                                           GO:0001306 : age dependent response to oxidative 
stress (2) 
                                     GO:0001300 : chronological cell aging (4) 
                                     GO:0007576 : nucleolar fragmentation (0) 
                                     GO:0001301 : progressive alteration of chromatin during 
cell aging (15) 
                                     GO:0001302 : replicative cell aging (28) 
                               GO:0019835 : cytolysis (32) 
                               GO:0012501 : programmed cell death (1256)  
                                     GO:0006915 : apoptosis (1189)  
                                           GO:0008632 : apoptotic program (148) 
                                           GO:0045476 : nurse cell apoptosis (16) 
                                           GO:0006924 : programmed cell death, activated T-
cells (2) 
                                           GO:0001783 : programmed cell death, B-cells (0) 
                                           GO:0006925 : programmed cell death, inflammatory 
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cells (0) 
                                           GO:0006927 : programmed cell death, transformed 
cells (3) 
                                           GO:0006926 : programmed cell death, virus-infected 
cells (1) 
                                           GO:0042981 : regulation of apoptosis (688)  
                                                 GO:0043066 : negative regulation of apoptosis 
(323) 
                                                 GO:0043065 : positive regulation of apoptosis 
(368)  
                                                       GO:0006917 : induction of apoptosis (368) 
                                     GO:0048102 : autophagic cell death (2) 
                                     GO:0009626 : hypersensitive response (23) 
                                     GO:0016244 : non-apoptotic programmed cell death (2) 
                                     GO:0001781 : programmed cell death, neutrophils (2) 
                                     GO:0043067 : regulation of programmed cell death (370) 
                                     GO:0046666 : retinal programmed cell death (30) 
                                     GO:0035071 : salivary gland cell death (0) 
                               GO:0010198 : synergid cell death (0) 
                   GO:0009900 : dehiscence (3) 
                   GO:0007586 : digestion (96) 
                   GO:0030146 : diuresis (3) 
                   GO:0007588 : excretion (79) 
                   GO:0043062 : extracellular structure organization and biogenesis 
(167) 
                   GO:0009844 : germination (62) 
                   GO:0007599 : hemostasis (134) 
                   GO:0042592 : homeostasis (652) 
                   GO:0020021 : host cell immortalization (0) 
                   GO:0007595 : lactation (34) 
                   GO:0042698 : menstrual cycle (43) 
                   GO:0008152 : metabolism (34935)  
                         GO:0006066 : alcohol metabolism (1043) 
                         GO:0006081 : aldehyde metabolism (67) 
                         GO:0009308 : amine metabolism (2232) 
                         GO:0006519 : amino acid and derivative metabolism (2320) 
                         GO:0006725 : aromatic compound metabolism (892) 
                         GO:0009058 : biosynthesis (8735) 
                         GO:0005975 : carbohydrate metabolism (2515) 
                         GO:0015976 : carbon utilization (28) 
                         GO:0009056 : catabolism (3993) 
                         GO:0006731 : coenzyme and prosthetic group metabolism (1248) 
                         GO:0050761 : depsipeptide metabolism (0) 
                         GO:0017144 : drug metabolism (42) 
                         GO:0006118 : electron transport (1438) 
                         GO:0006091 : energy pathways (1385) 



 84

                         GO:0007590 : fat body metabolism (sensu Insecta) (4) 
                         GO:0006662 : glycerol ether metabolism (131) 
                         GO:0046483 : heterocycle metabolism (767) 
                         GO:0042445 : hormone metabolism (212) 
                         GO:0046490 : isopentenyl diphosphate metabolism (14) 
                         GO:0046950 : ketone body metabolism (1) 
                         GO:0042180 : ketone metabolism (36) 
                         GO:0006629 : lipid metabolism (2408) 
                         GO:0048097 : long-term maintenance of gene activation (0) 
                         GO:0001557 : metabolism resulting in cell growth (0) 
                         GO:0010191 : mucilage metabolism (0) 
                         GO:0042133 : neurotransmitter metabolism (48) 
                         GO:0006807 : nitrogen metabolism (309) 
                         GO:0006139 : nucleobase, nucleoside, nucleotide and nucleic 
acid metabolism (13672)  
                               GO:0006259 : DNA metabolism (3861)  
                                     GO:0009290 : cellular DNA uptake (20) 
                                     GO:0006308 : DNA catabolism (70) 
                                     GO:0015074 : DNA integration (28) 
                                     GO:0006304 : DNA modification (97) 
                                     GO:0006323 : DNA packaging (855) 
                                     GO:0042262 : DNA protection (3) 
                                     GO:0006310 : DNA recombination (1438) 
                                     GO:0006281 : DNA repair (982) 
                                     GO:0006260 : DNA replication (1013) 
                                     GO:0006280 : mutagenesis (18) 
                               GO:0016458 : gene silencing (270) 
                               GO:0006349 : imprinting (24) 
                               GO:0009112 : nucleobase metabolism (90) 
                               GO:0015949 : nucleobase, nucleoside and nucleotide 
interconversion (58) 
                               GO:0009116 : nucleoside metabolism (64) 
                               GO:0009117 : nucleotide metabolism (640) 
                               GO:0009225 : nucleotide-sugar metabolism (91) 
                               GO:0019219 : regulation of nucleobase, nucleoside, nucleotide 
and nucleic acid metabolism (10) 
                               GO:0006403 : RNA localization (325) 
                               GO:0016070 : RNA metabolism (2190) 
                               GO:0006350 : transcription (6851) 
                         GO:0006730 : one-carbon compound metabolism (102) 
                         GO:0006082 : organic acid metabolism (3100) 
                         GO:0018942 : organometal metabolism (0) 
                         GO:0006119 : oxidative phosphorylation (364) 
                         GO:0006800 : oxygen and reactive oxygen species metabolism 
(397) 
                         GO:0006518 : peptide metabolism (21) 



 85

                         GO:0042810 : pheromone metabolism (8) 
                         GO:0006793 : phosphorus metabolism (2709) 
                         GO:0042440 : pigment metabolism (167) 
                         GO:0019538 : protein metabolism (11334) 
                         GO:0019222 : regulation of metabolism (386) 
                         GO:0019748 : secondary metabolism (396) 
                         GO:0006790 : sulfur metabolism (517) 
                         GO:0042214 : terpene metabolism (135) 
                         GO:0009404 : toxin metabolism (37) 
                         GO:0006766 : vitamin metabolism (623) 
                         GO:0006805 : xenobiotic metabolism (86) 
                   GO:0042303 : molting cycle (72) 
                   GO:0009877 : nodulation (1) 
                   GO:0009935 : nutrient uptake (5) 
                   GO:0007567 : parturition (9) 
                   GO:0009405 : pathogenesis (220) 
                   GO:0030432 : peristalsis (2) 
                   GO:0015979 : photosynthesis (89) 
                   GO:0009856 : post-pollination (30) 
                   GO:0007565 : pregnancy (73) 
                   GO:0050791 : regulation of physiological process (9) 
                   GO:0007585 : respiratory gaseous exchange (42) 
                   GO:0009719 : response to endogenous stimulus (1580) 
                   GO:0009605 : response to external stimulus (5860) 
                   GO:0006950 : response to stress (3865) 
                   GO:0046903 : secretion (656) 
                   GO:0010162 : seed dormancy (3) 
                   GO:0030431 : sleep (41) 
                   GO:0010118 : stomatal movement (6) 
                   GO:0001659 : thermoregulation (3) 
             GO:0050789 : regulation of biological process (1170) 
             GO:0016032 : viral life cycle (240) 
       GO:0005575 : cellular_component (65869) 
       GO:0003674 : molecular_function (99474) 
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Appendix E: 
 
Ontology result for “viral capsid” in Gene 
Ontology 
 
 
http://www.godatabase.org/cgi-
bin/go.cgi?open_1=GO:0003673&open_1=GO:0005575&open_1=GO:0008370&ope
n_1=GO:0019012&open_1=GO:0019015&open_1=GO:0019028&open_1=GO:0046
728&open_1=GO:0005623&open_1=GO:0005622&open_1=GO:0005634&open_1=
GO:0005635&open_1=GO:0005737&open_1=GO:0005856&open_1=GO:0015630&
open_1=GO:0005654&open_1=GO:0016020&open_1=GO:0016604&open_1=GO:0
016021&open_1=GO:0005887  
 
 

GO:0003673 : Gene_Ontology (130309)  
       GO:0008150 : biological_process (78842) 
       GO:0005575 : cellular_component (65869)  
             GO:0005623 : cell (53333)  
                   GO:0005933 : bud (229) 
                   GO:0043025 : cell body (0) 
                   GO:0000267 : cell fraction (1477) 
                   GO:0042995 : cell projection (323) 
                   GO:0009986 : cell surface (142) 
                   GO:0030312 : external encapsulating structure (354) 
                   GO:0042763 : immature spore (17) 
                   GO:0005622 : intracellular (43321)  
                         GO:0045177 : apical part of cell (68) 
                         GO:0005930 : axoneme (56) 
                         GO:0045178 : basal part of cell (21) 
                         GO:0005938 : cell cortex (360) 
                         GO:0046858 : chlorosome (0) 
                         GO:0005694 : chromosome (1169) 
                         GO:0005929 : cilium (51) 
                         GO:0000307 : cyclin-dependent protein kinase holoenzyme 
complex (24) 
                         GO:0005737 : cytoplasm (33654)  
                               GO:0009317 : acetyl-CoA carboxylase complex (24) 
                               GO:0020022 : acidocalcisome (0) 
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                               GO:0030877 : beta-catenin destruction complex (0) 
                               GO:0009504 : cell plate (5) 
                               GO:0009346 : citrate lyase complex (9) 
                               GO:0000229 : cytoplasmic chromosome (4) 
                               GO:0000308 : cytoplasmic cyclin-dependent protein kinase 
holoenzyme complex (0) 
                               GO:0000177 : cytoplasmic exosome (RNase complex) (29) 
                               GO:0000932 : cytoplasmic mRNA processing body (12) 
                               GO:0000153 : cytoplasmic ubiquitin ligase complex (37) 
                               GO:0016023 : cytoplasmic vesicle (4279) 
                               GO:0005856 : cytoskeleton (1880)  
                                     GO:0015629 : actin cytoskeleton (781) 
                                     GO:0001533 : cornified envelope (21) 
                                     GO:0030863 : cortical cytoskeleton (154) 
                                     GO:0045111 : intermediate filament cytoskeleton (117) 
                                     GO:0015630 : microtubule cytoskeleton (881)  
                                           GO:0005869 : dynactin complex (34) 
                                           GO:0005874 : microtubule (220) 
                                           GO:0005875 : microtubule associated complex (330) 
                                           GO:0005819 : spindle (366) 
                                     GO:0020039 : pellicle (2) 
                               GO:0005829 : cytosol (2534) 
                               GO:0042575 : DNA polymerase complex (75) 
                               GO:0009340 : DNA topoisomerase IV complex (10) 
                               GO:0016010 : dystrophin-associated glycoprotein complex 
(34) 
                               GO:0045251 : electron transfer flavoprotein complex (5) 
                               GO:0005783 : endoplasmic reticulum (1649) 
                               GO:0005768 : endosome (261) 
                               GO:0010168 : ER body (1) 
                               GO:0005793 : ER-Golgi intermediate compartment (10) 
                               GO:0016282 : eukaryotic 43S preinitiation complex (316) 
                               GO:0016283 : eukaryotic 48S initiation complex (241) 
                               GO:0005853 : eukaryotic translation elongation factor 1 
complex (26) 
                               GO:0005851 : eukaryotic translation initiation factor 2B 
complex (34) 
                               GO:0016281 : eukaryotic translation initiation factor 4F 
complex (32) 
                               GO:0045169 : fusome (44) 
                               GO:0005960 : glycine cleavage complex (24) 
                               GO:0030700 : glycine reductase complex (0) 
                               GO:0009345 : glycine-tRNA ligase complex (4) 
                               GO:0042587 : glycogen granule (0) 
                               GO:0020015 : glycosome (8) 
                               GO:0005794 : Golgi apparatus (913) 
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                               GO:0042566 : hydrogenosome (0) 
                               GO:0005811 : lipid particle (70) 
                               GO:0042470 : melanosome (3) 
                               GO:0030117 : membrane coat (175) 
                               GO:0042579 : microbody (267) 
                               GO:0005815 : microtubule organizing center (294) 
                               GO:0005739 : mitochondrion (10847) 
                               GO:0030484 : muscle fiber (141) 
                               GO:0010169 : myrosinase complex (1) 
                               GO:0005854 : nascent polypeptide-associated complex (14) 
                               GO:0045248 : oxoglutarate dehydrogenase complex (sensu 
Bacteria) (5) 
                               GO:0019818 : peroxisome vesicle (0) 
                               GO:0019197 : phosphoenolpyruvate-dependent sugar 
phosphotransferase complex (0) 
                               GO:0009524 : phragmoplast (8) 
                               GO:0009525 : phragmosome (0) 
                               GO:0009536 : plastid (7927) 
                               GO:0045495 : pole plasm (20) 
                               GO:0009574 : preprophase band (1) 
                               GO:0030684 : preribosome (0) 
                               GO:0042735 : protein body (1) 
                               GO:0045253 : pyruvate dehydrogenase (lipoamide) 
phosphatase complex (1) 
                               GO:0045254 : pyruvate dehydrogenase complex (35) 
                               GO:0005840 : ribosome (1701) 
                               GO:0016528 : sarcoplasm (32) 
                               GO:0005786 : signal recognition particle (46) 
                               GO:0030531 : small cytoplasmic ribonucleoprotein complex 
(0) 
                               GO:0005846 : snRNA cap binding complex (7) 
                               GO:0045170 : spectrosome (21) 
                               GO:0045239 : TCA cycle enzyme complex (14) 
                               GO:0018444 : translation release factor complex (1) 
                               GO:0005773 : vacuole (603) 
                               GO:0019037 : viral assembly intermediate (11) 
                               GO:0042718 : yolk granule (0) 
                         GO:0009368 : endopeptidase Clp complex (10) 
                         GO:0009366 : enterobactin synthetase complex (0) 
                         GO:0000178 : exosome (RNase complex) (75) 
                         GO:0046821 : extrachromosomal DNA (6) 
                         GO:0009289 : fimbria (22) 
                         GO:0009434 : flagellum (sensu Eukarya) (32) 
                         GO:0000131 : incipient bud site (47) 
                         GO:0016234 : inclusion body (5) 
                         GO:0048269 : methionine adenosyltransferase complex (1) 
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                         GO:0005845 : mRNA cap complex (8) 
                         GO:0016610 : nitrogenase complex (3) 
                         GO:0009295 : nucleoid (16) 
                         GO:0005634 : nucleus (11026)  
                               GO:0030895 : apolipoprotein B mRNA editing enzyme 
complex (0) 
                               GO:0046808 : assemblon (1) 
                               GO:0016533 : cyclin-dependent protein kinase 5 activator 
complex (2) 
                               GO:0019907 : cyclin-dependent protein kinase activating 
kinase holoenzyme complex (0) 
                               GO:0046818 : dense nuclear body (4) 
                               GO:0046536 : dosage compensation complex (17) 
                               GO:0043073 : germ cell nucleus (12) 
                               GO:0030530 : heterogeneous nuclear ribonucleoprotein 
complex (31) 
                               GO:0030870 : Mre11 complex (1) 
                               GO:0030689 : Noc complex (0) 
                               GO:0000228 : nuclear chromosome (414) 
                               GO:0019908 : nuclear cyclin-dependent protein kinase 
holoenzyme complex (6) 
                               GO:0000176 : nuclear exosome (RNase complex) (63) 
                               GO:0042405 : nuclear inclusion body (0) 
                               GO:0016363 : nuclear matrix (57) 
                               GO:0005635 : nuclear membrane (463)  
                                     GO:0005637 : nuclear inner membrane (45) 
                                     GO:0005652 : nuclear lamina (44) 
                                     GO:0005641 : nuclear membrane lumen (2) 
                                     GO:0005643 : nuclear pore (208) 
                               GO:0000152 : nuclear ubiquitin ligase complex (55) 
                               GO:0005730 : nucleolus (774) 
                               GO:0005654 : nucleoplasm (1364)  
                                     GO:0016585 : chromatin remodeling complex (144) 
                                     GO:0016591 : DNA-directed RNA polymerase II, 
holoenzyme (311) 
                                     GO:0005666 : DNA-directed RNA polymerase III 
complex (50) 
                                     GO:0042555 : MCM complex (0) 
                                     GO:0005847 : mRNA cleavage and polyadenylation 
specificity factor complex (42) 
                                     GO:0005849 : mRNA cleavage factor complex (23) 
                                     GO:0005848 : mRNA cleavage stimulating factor complex 
(5) 
                                     GO:0030691 : Noc2p-Noc3p complex (0) 
                                     GO:0016604 : nuclear body (87)  
                                           GO:0015030 : Cajal body (15) 
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                                           GO:0035061 : interchromatin granule (0) 
                                           GO:0016606 : Lands (0) 
                                           GO:0016607 : nuclear speck (42) 
                                           GO:0042382 : paraspeckles (0) 
                                           GO:0016605 : PML body (14) 
                                     GO:0042272 : nuclear RNA export factor complex (2) 
                                     GO:0005679 : nucleosome remodeling complex (39) 
                                     GO:0005656 : pre-replicative complex (29) 
                                     GO:0008023 : transcription elongation factor complex (53) 
                                     GO:0005667 : transcription factor complex (602) 
                                     GO:0017053 : transcriptional repressor complex (15) 
                                     GO:0016035 : zeta DNA polymerase complex (4) 
                               GO:0000109 : nucleotide excision repair complex (31) 
                               GO:0005653 : perinuclear space (67) 
                               GO:0045120 : pronucleus (17) 
                               GO:0000502 : proteasome complex (sensu Eukarya) (303) 
                               GO:0046809 : replication compartment (9) 
                               GO:0000943 : retrotransposon nucleocapsid (94) 
                               GO:0008180 : signalosome complex (51) 
                               GO:0017117 : single-stranded DNA dependent ATP 
dependent DNA helicase complex (2) 
                               GO:0030532 : small nuclear ribonucleoprotein complex (248) 
                               GO:0005681 : spliceosome complex (334) 
                               GO:0005697 : telomerase holoenzyme complex (7) 
                               GO:0000346 : transcription export complex (14) 
                               GO:0000214 : tRNA-intron endonuclease complex (12) 
                               GO:0019035 : viral integration complex (0) 
                               GO:0019034 : viral replication complex (3) 
                               GO:0019036 : viral transcriptional complex (0) 
                         GO:0045252 : oxoglutarate dehydrogenase complex (13) 
                         GO:0045259 : proton-transporting ATP synthase complex (133) 
                         GO:0045271 : respiratory chain complex I (75) 
                         GO:0045273 : respiratory chain complex II (34) 
                         GO:0045275 : respiratory chain complex III (52) 
                         GO:0045277 : respiratory chain complex IV (55) 
                         GO:0030529 : ribonucleoprotein complex (2373) 
                         GO:0030880 : RNA polymerase complex (119) 
                         GO:0045257 : succinate dehydrogenase complex (ubiquinone) 
(21) 
                         GO:0009579 : thylakoid (202) 
                         GO:0019813 : type III site-specific deoxyribonuclease complex 
(0) 
                         GO:0000151 : ubiquitin ligase complex (172) 
                         GO:0017122 : UDP-N-acetylglucosamine-peptide N-
acetylglucosaminyltransferase complex (2) 
                         GO:0046816 : virion transport vesicle (1) 
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                   GO:0016020 : membrane (12686)  
                         GO:0030673 : axolemma (0) 
                         GO:0012505 : endomembrane system (1096) 
                               GO:0005635 : nuclear membrane (463)  
                                     GO:0005637 : nuclear inner membrane (45) 
                                     GO:0005652 : nuclear lamina (44) 
                                     GO:0005641 : nuclear membrane lumen (2) 
                                     GO:0005643 : nuclear pore (208) 
                         GO:0010008 : endosome membrane (8) 
                         GO:0009279 : external outer membrane (sensu Gram-negative 
Bacteria) (34) 
                         GO:0019898 : extrinsic to membrane (274) 
                         GO:0019866 : inner membrane (783) 
                         GO:0016021 : integral to membrane (6435)  
                               GO:0030176 : integral to endoplasmic reticulum membrane 
(96) 
                               GO:0045203 : integral to external outer membrane (sensu 
Gram-negative Bacteria) (1) 
                               GO:0030173 : integral to Golgi membrane (54) 
                               GO:0005639 : integral to nuclear inner membrane (7) 
                               GO:0005887 : integral to plasma membrane (2162)  
                                     GO:0048179 : activin receptor complex (2) 
                                     GO:0008282 : ATP-sensitive potassium channel complex 
(3) 
                                     GO:0016935 : glycine-gated chloride channel complex (8) 
                                     GO:0030526 : granulocyte macrophage colony-stimulating 
factor receptor complex (1) 
                                     GO:0019183 : histamine-gated chloride channel complex 
(2) 
                                     GO:0005889 : hydrogen/potassium-exchanging ATPase 
complex (3) 
                                     GO:0005899 : insulin receptor complex (3) 
                                     GO:0008305 : integrin complex (60) 
                                     GO:0045323 : interleukin-1 receptor complex (3) 
                                     GO:0042022 : interleukin-12 receptor complex (1) 
                                     GO:0005898 : interleukin-13 receptor complex (1) 
                                     GO:0045092 : interleukin-18 receptor complex (2) 
                                     GO:0005893 : interleukin-2 receptor complex (0) 
                                     GO:0030876 : interleukin-20 receptor complex (0) 
                                     GO:0005894 : interleukin-3 receptor complex (0) 
                                     GO:0016516 : interleukin-4 receptor complex (0) 
                                     GO:0005895 : interleukin-5 receptor complex (4) 
                                     GO:0005896 : interleukin-6 receptor complex (1) 
                                     GO:0005897 : interleukin-9 receptor complex (0) 
                                     GO:0008328 : ionotropic glutamate receptor complex (19) 
                                     GO:0017146 : N-methyl-D-aspartate selective glutamate 
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receptor complex (13) 
                                     GO:0043020 : NADPH oxidase complex (0) 
                                     GO:0005892 : nicotinic acetylcholine-gated receptor-
channel complex (39) 
                                     GO:0005900 : oncostatin-M receptor complex (1) 
                                     GO:0000222 : plasma membrane hydrogen-transporting 
ATPase V0 domain (0) 
                                     GO:0000223 : plasma membrane hydrogen-transporting 
ATPase V1 domain (0) 
                                     GO:0005890 : sodium/potassium-exchanging ATPase 
complex (57) 
                                     GO:0005891 : voltage-gated calcium channel complex (77) 
                                     GO:0008076 : voltage-gated potassium channel complex 
(100) 
                                     GO:0001518 : voltage-gated sodium channel complex (13) 
                               GO:0030285 : integral to synaptic vesicle membrane (12) 
                               GO:0017071 : intracellular cyclic nucleotide activated cation 
channel complex (5) 
                               GO:0046696 : lipopolysaccharide receptor complex (11) 
                               GO:0017090 : meprin A complex (5) 
                               GO:0046930 : pore complex (208) 
                               GO:0016469 : proton-transporting two-sector ATPase 
complex (104) 
                               GO:0016472 : sodium-transporting two-sector ATPase 
complex (0) 
                         GO:0005765 : lysosomal membrane (19) 
                         GO:0005740 : mitochondrial membrane (944) 
                         GO:0019867 : outer membrane (156) 
                         GO:0005778 : peroxisomal membrane (83) 
                         GO:0042622 : photoreceptor outer segment membrane (0) 
                         GO:0005886 : plasma membrane (4848) 
                               GO:0005887 : integral to plasma membrane (2162)  
                                     GO:0048179 : activin receptor complex (2) 
                                     GO:0008282 : ATP-sensitive potassium channel complex 
(3) 
                                     GO:0016935 : glycine-gated chloride channel complex (8) 
                                     GO:0030526 : granulocyte macrophage colony-stimulating 
factor receptor complex (1) 
                                     GO:0019183 : histamine-gated chloride channel complex 
(2) 
                                     GO:0005889 : hydrogen/potassium-exchanging ATPase 
complex (3) 
                                     GO:0005899 : insulin receptor complex (3) 
                                     GO:0008305 : integrin complex (60) 
                                     GO:0045323 : interleukin-1 receptor complex (3) 
                                     GO:0042022 : interleukin-12 receptor complex (1) 
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                                     GO:0005898 : interleukin-13 receptor complex (1) 
                                     GO:0045092 : interleukin-18 receptor complex (2) 
                                     GO:0005893 : interleukin-2 receptor complex (0) 
                                     GO:0030876 : interleukin-20 receptor complex (0) 
                                     GO:0005894 : interleukin-3 receptor complex (0) 
                                     GO:0016516 : interleukin-4 receptor complex (0) 
                                     GO:0005895 : interleukin-5 receptor complex (4) 
                                     GO:0005896 : interleukin-6 receptor complex (1) 
                                     GO:0005897 : interleukin-9 receptor complex (0) 
                                     GO:0008328 : ionotropic glutamate receptor complex (19) 
                                     GO:0017146 : N-methyl-D-aspartate selective glutamate 
receptor complex (13) 
                                     GO:0043020 : NADPH oxidase complex (0) 
                                     GO:0005892 : nicotinic acetylcholine-gated receptor-
channel complex (39) 
                                     GO:0005900 : oncostatin-M receptor complex (1) 
                                     GO:0000222 : plasma membrane hydrogen-transporting 
ATPase V0 domain (0) 
                                     GO:0000223 : plasma membrane hydrogen-transporting 
ATPase V1 domain (0) 
                                     GO:0005890 : sodium/potassium-exchanging ATPase 
complex (57) 
                                     GO:0005891 : voltage-gated calcium channel complex (77) 
                                     GO:0008076 : voltage-gated potassium channel complex 
(100) 
                                     GO:0001518 : voltage-gated sodium channel complex (13) 
                         GO:0045211 : postsynaptic membrane (27) 
                         GO:0042734 : presynaptic membrane (16) 
                         GO:0005628 : prospore membrane (17) 
                         GO:0042651 : thylakoid membrane (51) 
                         GO:0005774 : vacuolar membrane (233) 
                   GO:0030496 : midbody (3) 
                   GO:0042597 : periplasmic space (41) 
                   GO:0030428 : septum (8) 
                   GO:0030427 : site of polarized growth (260) 
             GO:0008372 : cellular_component unknown (8955) 
             GO:0005576 : extracellular (4651) 
             GO:0019814 : immunoglobulin complex (8) 
             GO:0008370 : obsolete cellular component (27)  
                   GO:0005837 : 26S proteasome (9) 
                   GO:0045096 : acidic keratin (0) 
                   GO:0005627 : ascus (0) 
                   GO:0001683 : axonemal dynein heavy chain (0) 
                   GO:0001684 : axonemal dynein intermediate chain (0) 
                   GO:0001685 : axonemal dynein intermediate light chain (0) 
                   GO:0001686 : axonemal dynein light chain (0) 
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                   GO:0019816 : B-cell receptor accessory molecule complex (0) 
                   GO:0045097 : basic/neutral keratin (0) 
                   GO:0005734 : box C + D snoRNP protein (0) 
                   GO:0005735 : box H + ACA snoRNP protein (0) 
                   GO:0009929 : cell surface (sensu Magnoliophyta) (0) 
                   GO:0030064 : cell wall inner membrane (0) 
                   GO:0009280 : cell wall inner membrane (0) 
                   GO:0005698 : centromere (0) 
                   GO:0005817 : centrosomal mitotic factor (0) 
                   GO:0005695 : chromatid (0) 
                   GO:0005717 : chromatin (3) 
                   GO:0005906 : clathrin adaptor (1) 
                   GO:0016190 : clathrin coat (0) 
                   GO:0005909 : coated vesicle (0) 
                   GO:0005799 : coatomer (0) 
                   GO:0005676 : condensin complex (0) 
                   GO:0008621 : condensin core heterodimer (0) 
                   GO:0005800 : COPII vesicle (0) 
                   GO:0001687 : cytoplasmic dynein heavy chain (0) 
                   GO:0001688 : cytoplasmic dynein intermediate chain (0) 
                   GO:0001689 : cytoplasmic dynein intermediate light chain (0) 
                   GO:0001690 : cytoplasmic dynein light chain (0) 
                   GO:0000233 : cytoplasmic interphase chromosome (0) 
                   GO:0000231 : cytoplasmic mitotic chromosome (0) 
                   GO:0000180 : cytosolic large ribosomal subunit (0) 
                   GO:0005567 : cytosolic ribosomal RNA (0) 
                   GO:0000181 : cytosolic small ribosomal subunit (0) 
                   GO:0005564 : cytosolic tRNA (0) 
                   GO:0005957 : debranching enzyme (0) 
                   GO:0045100 : desmin (0) 
                   GO:0005574 : DNA (0) 
                   GO:0001529 : elastin (0) 
                   GO:0005810 : endocytotic transport vesicle (0) 
                   GO:0005805 : ER-Golgi transport vesicle (0) 
                   GO:0008304 : eukaryotic translation initiation factor 4 complex (0) 
                   GO:0005651 : exportin (0) 
                   GO:0005972 : fibrinogen alpha chain (0) 
                   GO:0005973 : fibrinogen beta chain (0) 
                   GO:0005974 : fibrinogen gamma chain (0) 
                   GO:0045101 : glial fibrillary acidic protein (0) 
                   GO:0005806 : Golgi-ER transport vesicle (0) 
                   GO:0005808 : Golgi-plasma membrane transport vesicle (0) 
                   GO:0005809 : Golgi-vacuole transport vesicle (0) 
                   GO:0005907 : HA1 clathrin adaptor (0) 
                   GO:0005908 : HA2 clathrin adaptor (0) 
                   GO:0005755 : hydrogen-transporting ATP synthase, coupling factor 
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CF(0) (0) 
                   GO:0005646 : importin (0) 
                   GO:0005647 : importin, alpha-subunit (1) 
                   GO:0005650 : importin, alpha-subunit transport factor (0) 
                   GO:0005648 : importin, beta-subunit (2) 
                   GO:0017052 : insulin-like growth factor binding protein (0) 
                   GO:0005807 : inter-Golgi transport vesicle (0) 
                   GO:0001721 : intermediate filament associated protein (0) 
                   GO:0005707 : interphase chromosome (0) 
                   GO:0005699 : kinetochore (0) 
                   GO:0005613 : laminin receptor protein (0) 
                   GO:0005617 : larval serum protein-1 (0) 
                   GO:0008245 : lysosomal membrane hydrogen-transporting ATPase 
(0) 
                   GO:0005711 : meiotic chromosome (1) 
                   GO:0005580 : membrane attack complex protein alphaM chain (0) 
                   GO:0008008 : membrane attack complex protein beta2 chain (0) 
                   GO:0005710 : metaphase chromosome (0) 
                   GO:0018998 : metaxin (0) 
                   GO:0005568 : mitochondrial rRNA (0) 
                   GO:0005565 : mitochondrial tRNA (0) 
                   GO:0005708 : mitotic chromosome (0) 
                   GO:0030063 : murein sacculus (0) 
                   GO:0009278 : murein sacculus (0) 
                   GO:0000232 : nuclear interphase chromosome (0) 
                   GO:0000230 : nuclear mitotic chromosome (0) 
                   GO:0005561 : nucleic acid (0) 
                   GO:0005718 : nucleosome (8) 
                   GO:0016341 : other collagen (0) 
                   GO:0045102 : peripherin (0) 
                   GO:0005620 : periplasmic space (0) 
                   GO:0005709 : prophase chromosome (0) 
                   GO:0003675 : protein (0) 
                   GO:0005888 : proteoglycan integral to plasma membrane (0) 
                   GO:0005645 : RAN-binding protein (0) 
                   GO:0005559 : ribozyme (0) 
                   GO:0005562 : RNA (0) 
                   GO:0005572 : RNA polymerase II transcribed untranslated RNA (0) 
                   GO:0009839 : SCF complex substrate recognition subunit (0) 
                   GO:0005803 : secretory vesicle (1) 
                   GO:0005804 : secretory vesicle membrane (0) 
                   GO:0005936 : shmoo (0) 
                   GO:0005733 : small nucleolar RNA (0) 
                   GO:0030615 : spindle pole (0) 
                   GO:0005716 : synaptonemal complex (0) 
                   GO:0005573 : telomerase RNA (0) 
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                   GO:0005696 : telomere (0) 
                   GO:0009580 : thylakoid (sensu Bacteria) (0) 
                   GO:0005670 : transcription-activating factor, 30kD (0) 
                   GO:0005649 : transportin (1) 
                   GO:0001722 : type I intermediate filament associated protein (0) 
                   GO:0001723 : type II intermediate filament associated protein (0) 
                   GO:0001724 : type III intermediate filament associated protein (0) 
                   GO:0005571 : untranslated RNA (0) 
                   GO:0000219 : vacuolar hydrogen-transporting ATPase (1) 
                   GO:0045099 : vimentin (0) 
                   GO:0019032 : viral glycoprotein (0) 
             GO:0005941 : unlocalized (479) 
             GO:0019012 : virion (126)  
                   GO:0019028 : viral capsid (10)  
                         GO:0046727 : capsomere (1) 
                         GO:0019029 : helical viral capsid (0) 
                         GO:0019030 : icosahedral viral capsid (8) 
                         GO:0046728 : viral capsid (sensu Retroviridae) (1)  
                               GO:0019013 : viral nucleocapsid (1) 
                         GO:0046798 : viral portal complex (1) 
                         GO:0046806 : viral scaffold (2) 
                   GO:0019031 : viral envelope (23) 
                   GO:0019015 : viral genome (64)  
                         GO:0019021 : DNA viral genome (0) 
                         GO:0019016 : non-segmented viral genome (0) 
                         GO:0019038 : provirus (64) 
                         GO:0019022 : RNA viral genome (0) 
                         GO:0019017 : segmented viral genome (0) 
                   GO:0046729 : viral procapsid (2) 
                   GO:0019033 : viral tegument (10) 
       GO:0003674 : molecular_function (99474) 
 

 
 
 
 



 98

 



Avdelning, Institution
Division, Department

Institutionen för datavetenskap
581 83 LINKÖPING

Datum
Date
2004-03-22

Språk
Language

Rapporttyp
Report category

ISBN

Svenska/Swedish
X Engelska/English

Licentiatavhandling
X Examensarbete

ISRN   LITH-IDA-EX--04/017--SE

  
C-uppsats
D-uppsats

Serietitel och serienummer
Title of series, numbering

ISSN

Övrig rapport
____

URL för elektronisk version
http://www.ep.liu.se/exjobb/ida/2004/dd-d/017/

Titel
Title

Ett verktyg för konstruktion av ontologier från text

A Tool for Facilitating Ontology Construction from Texts

Författare
 Author

Héloïse Chétrit

Sammanfattning
Abstract
With the growth of information stored over Internet, especially in the biological field, and with
discoveries being made daily in this domain, scientists are faced with an overwhelming amount
of articles. Reading all published articles is a tedious and time-consuming process. Therefore a
way to summarise the information in the articles is needed. A solution is the derivation of an
ontology representing the knowledge enclosed in the set of articles and allowing to browse
through them.

In this thesis we present the tool Ontolo, which allows to build an initial ontology of a domain by
inserting a set of articles related to that domain in the system. The quality of the ontology
construction has been tested by comparing our ontology results for keywords to the ones
provided by the Gene Ontology for the same keywords. The obtained results are quite promising
for a first prototype of the system as it finds many common terms on both ontologies for just a
few hundred of inserted articles.

Nyckelord
Keyword
Ontology construction, Text Mining, Information Retrieval, Bio-Informatics, Bio-Ontologies




