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Abstract
Background: The engineering of ontologies, especially with a view to a text-mining use, is still a
new research field. There does not yet exist a well-defined theory and technology for ontology
construction. Many of the ontology design steps remain manual and are based on personal
experience and intuition. However, there exist a few efforts on automatic construction of
ontologies in the form of extracted lists of terms and relations between them.

Results: We share experience acquired during the manual development of a lipoprotein
metabolism ontology (LMO) to be used for text-mining. We compare the manually created
ontology terms with the automatically derived terminology from four different automatic term
recognition (ATR) methods. The top 50 predicted terms contain up to 89% relevant terms. For the
top 1000 terms the best method still generates 51% relevant terms. In a corpus of 3066 documents
53% of LMO terms are contained and 38% can be generated with one of the methods.

Conclusions: Given high precision, automatic methods can help decrease development time and
provide significant support for the identification of domain-specific vocabulary. The coverage of the
domain vocabulary depends strongly on the underlying documents. Ontology development for text
mining should be performed in a semi-automatic way; taking ATR results as input and following the
guidelines we described.

Availability: The TFIDF term recognition is available as Web Service, described at http://
gopubmed4.biotec.tu-dresden.de/IdavollWebService/services/
CandidateTermGeneratorService?wsdl
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Background
The engineering of ontologies is still a new research field.
There does not yet exist a well-defined theory and technol-
ogy for ontology construction. This means that many of
the ontology design steps remain manual and a kind of
“art” and intuition [1-3]. There exists a variety of different
ontologies, constructed for different purposes and
projects.

As far as the biomedical ontologies are concerned, during
the last years there have been major efforts in the biologi-
cal community for organizing biological concepts in the
form of controlled terminologies or ontologies [4-7]. A
key difference between terminologies and ontologies is
that the former lack the semantic depth of the latter. How-
ever, when it comes to design, terminologies can serve as
basis for ontologies and vice-versa. An example where a
terminology can serve for ontology is that of the Gene
Ontology [6], which provides a controlled vocabulary to
describe gene and gene products in any organism. On the
other side, the Gene Ontology Next Generation (GONG)
project [8] aims at the migration of current bio-ontologies
to a richer and more rigorous status, using formal repre-
sentation languages like OWL. Examples of true ontolo-
gies are the GALEN project [9] and the Systematized
Nomenclature of Medicine (SNOMED) [10] which are
based on Description Logic for concept representation
and the Foundational Model of Anatomy (FMA) [11]
which is based on frames representing information about
anatomical classes, designed so that content can be main-
tained as a dynamic resource and can be used as terminol-
ogies.

There have also been developed systems to provide inter-
operability among different ontologies, such as the Uni-
fied Medical Language System [12] in order to provide a
common frame of reference among the different research
communities. The Open Biomedical Ontologies (OBO)
Foundry [13] hosts over 60 open source ontologies asso-
ciated with phenotypic and biomedical information, such
as the Mouse Anatomy (MA) [7] and the Cell Ontology
(CL) [14]. Bodenreider and Stevens [15], Blake and Bult
[16] and Baker et al. [17] give overview on biomedical
ontologies, the consortia involved, formalisms as well as
semantic web technologies and representation tools.

Semantic meta-information provided in the form of
ontologies has proven useful in order to search [18,19] or
index large collections of documents (e.g. MeSH for
indexing MEDLINE [20]). Meta-information found for
text documents is often general (keyword list) or still too
complex for an automated evaluation (article abstract).
Finding terms of controlled vocabularies in text over-
comes this shortage, while relations between terms pro-
vide the necessary navigation structures.

Ontological background knowledge can serve to answer
questions with knowledge-based search engines, by eas-
ing the task of finding relevant documents through the
term automatic annotation [18,21,22]. In the domain of
lipoprotein metabolism, for example, a search for “anal-
phalipoproteinemia” will retrieve articles for Tangier's
disease, which is actually a synonym. In case of a syn-
drome, such as the “metabolic syndrome”, in a properly
designed ontology the articles retrieved will contain
symptoms and other characteristics for it (e.g. type II dia-
betes, hypertension, insulin resistant, low HDL, hyperten-
sion, all of them being parts of the metabolic syndrome).
Researchers explore literature on different parameters that
can affect the lipoprotein metabolism, such as the pheno-
type, genotype and age of the patients/animals tested,
environmental factors and lifestyle, specific lipoprotein
and enzyme concentrations and others. Questions like
‘what is the activity of cholesterol ester transfer protein in
diabetes’, ‘which cells/tissues is apoE expressed in’, ‘what
is the impact of a fish oil diet on metabolic syndrome
individuals’, ‘which genes/proteins/metabolites are
hypertension-specific’ can be answered with the use of a
well designed ontology on lipoprotein metabolism, con-
taining terminology found in literature with semantically
interconnected terms.

The GoPubMed search engine [18,19] allows users to
explore PubMed search results with the Gene Ontology
(GO) [6] and Medical Subject Headings (MeSH) [20].
GoPubMed retrieves PubMed abstracts for a search query,
detects terms from the GO and MeSH in the abstracts, dis-
plays the subset of GO and MeSH relevant to the key-
words and allows for browsing the ontologies and
displaying only articles containing specific GO and MeSH
terms. The search engine is developed in a way that any
ontology (e.g. a Lipoprotein Metabolism Ontology) can
be easily integrated and used for a domain-specific litera-
ture search. One of the benefits of such an ontology-based
literature search is the categorization of abstracts accord-
ing to a specific ontology, allowing users to quickly navi-
gate through the abstracts by category and providing an
overview of the literature. It can also automatically show
general ontology terms related to the original query,
which often do not even appear directly in the abstract.

In this paper, we introduce design principles for ontolo-
gies used for text mining, based on our personal experi-
ence with the manual development of a Lipoprotein
Metabolism Ontology. A key problem in this context is
the generation of terms, which is corroborated by Castro
et al. [3], who compared different ontology design meth-
ods and tools all of which lacked automated term recog-
nition. The paper is organized as follows. We first
introduce the design principles followed when designing
the lipid metabolism ontology and turn to the question
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how to automate the generation of terms. We introduce
two methods to identify terms and evaluate them together
with two existing tools for this task.

Methods
Ontology design principles
The Open Biomedical Ontologies (OBO) Foundry pro-
vides ontology design principles concerning the syntax,
unique identifiers, content and documentation of ontolo-
gies to be added or edited, as a common agreement
between users/editors. OBO principles that are not dis-
cussed later (but were followed during the Lipoprotein
Metabolism Ontology design) refer mainly to the use of a
common shared syntax (OBO syntax and extensions or
OWL), the insertion of a unique identifier per term, the
relations included in the OBO Relation Ontology and the
clearly delineated content (terms in different ontologies
should provide distinguishable descriptions of a concept).
The success of the OBO representation format is attrib-
uted to its informal expressivity, combined with the abil-
ity of conversion into OWL and vice-versa.

The only OBO principles we did not follow were the free
availability and collaboration with other OBO Foundry
members, due to corporate reasons. However, we present
the knowledge acquired and the problems faced during
the ontology design. The following guidelines, as well as
the decisions, compromises and problems described later
derive from our experience during the manual develop-
ment of the Lipoprotein Metabolism Ontology.

Some basic steps that should be followed during the
design of any ontology include identifying the range of
intended users, deciding on the purpose and main research area
of the ontology and defining/predicting further possible
applications (e.g. GO has also been used by the search
engine GoPubMed [18,19] and by GoMiner [23] for gene
expression data evaluation, although its initial purpose
did not include use for text-mining). Important points to
start from are literature scanning for deciding on the basic
concepts as well as the insertion of a textual definition for
each term. Formulation of questions is also crucial [24].
Examples of questions that researchers from Unilever
needed to answer were: “what is the activity of cholesterol
ester transfer protein (CETP) in diabetes?”, “which tissues
is apoE expressed in?”, “what is the impact of fish oil diet
in metabolic syndrome patients?”, etc, indicating that
terms such as ‘CETP’, ‘diabetes’, ‘apoE’, ‘diet’, ‘fish oil diet’,
‘metabolic syndrome’ and ‘patient’ should be included in
the ontology. Reusing existing ontologies that may cover to
some extent the ontology under design or could be
inserted as a separate branch of the ontology is also a pos-
sibility. In the case of the Lipoprotein Metabolism Ontol-
ogy (LMO), we needed to include information on diet.
For this purpose, we included the Nutrition Ontology

from the NCI Cancer Nutrition Ontology Project [25] as a
separate part under diet. Deciding on a label for each concept
is one of the most crucial steps during the structuring of
the ontology. This task is difficult for humans as it
requires good knowledge of the domain of interest so as
to group concepts on the hierarchy in a semantically
meaningful way. It is even more difficult for machines to
do this automatically. There has been previous work on
automatic labeling of document clusters [26] by using the
most frequent and most predictive words in clusters of
documents, but there is still work to be done on that. One
must firstly concentrate on the semantics of a term, decide
what is really needed to be expressed with that term and
then choose the appropriate name. Last, but not least, and
perhaps one of the very first steps of the designing proce-
dure is the selection of a suitable ontology editor. We used
the Protégé OWL plug-in [27] for building the ontology
and CmapTools [28] for visualization. Ontology visuali-
zation is crucial when the knowledge engineer and the
domain expert are two different persons and need to agree
on the different versions of the ontology.

With GO we experienced some limitations for text-min-
ing. For example, it is unlikely that a descriptive label such
as ‘cell wall (sensu Gram-negative bacteria)’ will literally
appear in text. A comprehensive overview of such prob-
lems is provided by Smith et al. [29]. There often exist
ontology terms that are unlikely to appear as such in text
but are rather of a structuring nature. For example, the
terms ‘hydrolase activity, acting on ester bonds’
(GO:0016788) or ‘hydrolase activity, acting on carbon-
nitrogen (but not peptide) bonds’ (GO:0016810) include
several different types of information: activity (hydro-
lase), type of bond affected (ester or carbon-nitrogen) and
exception (but not peptide) (see Figure 1). These should
be 3 different branches of the tree, combined with rela-
tions, therefore structuring ‘logical formulas’. For exam-
ple, in the case of the second term (GO:0016810), the
exception could be expressed as a certain condition: the
protein has a hydrolase activity and is acting on carbon
nitrogen bonds, but not in all bonds (peptide bonds are
excluded). Aranguren et al. [30] provide a simple and
indicative example of the problem: a Person is a Man or a
Woman, a Man has Testis, a Woman has no Testis, but
what happens in the case of a Eunuch (who is actually a
man without Testis)? There is a need for distinguishing
between relations that are strict “always” rules and “nor-
mally” or “usually” relations that can also allow for excep-
tions. Biomedical terms are usually connected with
“usually” relations between them. Another example is the
definition of mammals: a simple definition [31] can be
‘warm-blooded vertebrate animals belonging to the class
mammalia, including all that possess hair and suckle their
young’. Therefore, one can say that all mammals give birth
to and suckle their young. But there exists the exception of
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the monotremes, which are mammals that lay eggs
instead of bearing live young. The definition here would
be “mammals are animals that normally bear live young
and suckle them” and the exception “monotremes are
mammals that lay eggs”. Another example is given by
Hoehndorf et al. [32] (from the Foundational Model of
Anatomy), where “every instance of a human body has as part
an appendix”, corresponding to an idealized (canonical)
“normal” human. However, an individual human body
may lack an appendix as a part, demonstrating that canon-
ical ontologies do not always represent default knowledge
and should include exceptions. Hoehndorf et al. devel-
oped a methodology for representing canonical domain
ontologies within the OBO foundry by adding an exten-
sion to the semantics for relationships in the biomedical
ontologies that allows for treating canonical information
as default. Rector [33] explored some of the alternatives in
OWL and related languages for dealing with issues such as
exceptions (predictable and not) and limited expressivity.
Rector's analysis is divided in four cases, which can be
resolved with OWL, more precise logical formulation
(OWL-DL), more explicit context and generalized com-
mon information and other more complicated methods.

Compositional structure of terms is a major bottleneck for
ontology design, especially when it comes to text mining,

as the relations between terms must be as simple as possi-
ble. Ogren et al. [34,35] have performed an analysis of the
term names in the GO to investigate substring relations
between terms and revealed that 65.3% of all GO terms
contain another GO term as a proper substring. These
terms can be categorized into two groups: GO terms that
contain other GO terms as proper substrings (e.g. ‘hydro-
lase activity, acting on acid sulfur-sulfur bonds’ (GO:
0016828) and ‘hydrolase activity’ (GO: 0016787)) and
GO terms that contain strings that seem to recur fre-
quently (e.g. ‘regulation of’ in GO, ‘predominance of’ in
the Lipoprotein Metabolism Ontology).

Text-mining ontologies can be extensions of annotation
ontologies which enrich annotation ontologies with syn-
onyms suitable for text-mining. Some decisions and com-
promises have to be made on the relationships and on the
labels defined during the concept hierarchy design.

Decisions that need to be made during the ontology design
Keep or dismiss a term: When using the ontology for text-
mining over a specific biomedical domain, it is important
to include terms specific enough to define the domain and
also general enough to cover it entirely. For example,
including information on ‘kinetics’ during the design of
the Lipoprotein Metabolism Ontology is crucial. But

Problematic terms – the hydrolase activity exampleFigure 1
Problematic terms – the hydrolase activity example. Terms like hydrolase, hydrolase activity, bond, ester bond and 
relations between them (e.g. acts on) can be easily found in text, whereas full GO terms such as ‘hydrolase activity, acting on 
ester bonds’ are unlikely to appear literally in an article.
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‘kinetics’ is too general as a term, as the distinction
between different kinds of kinetics is important (e.g. when
querying PubMed for ‘kinetics’, there are retrieved articles
referring to ‘kinetics of phenols’ or a ‘reconstruction kinet-
ics well’, irrelevant to the domain of interest). On the
other hand, the term ‘lipoprotein kinetics’ is too specific
and documents mentioning it do not cover all essentials
known in lipoprotein kinetics. Searches for “lipoprotein
kinetics”, “lipoprotein” and “kinetics” and retrieval of rel-
evant articles (e.g. PMID: 12606523 ‘Differential regula-
tion of lipoprotein kinetics by atorvastatin and fenofibrate
in subjects with the metabolic syndrome.’) lead to the
decision that the best term to use for ‘lipoprotein kinetics’
is the exact term. There already exist previous efforts on
automatic labeling of document clusters and identifica-
tion of ontology components, based on Natural Language
Processing techniques or hierarchical and suffix-tree clus-
tering [36,37,26].

Decide on ontology design/relations: the ontology must be a
subsumption ontology. It can be either a structured
vocabulary/terminology containing only child-parent
relationships (mostly ‘is_a’ and ‘part_of’) between con-
cepts or an ontology of different complexity that could be
easily translated into a simple hierarchy. It should also be
rich in synonyms and textual definitions (mentioned ear-
lier), that would be useful for disambiguation. For the
Lipoprotein Metabolism Ontology we used the Protégé
OWL plug-in, with concepts being the term labels (e.g.
human / Tangier's disease) and instances the term syno-
nyms/variants (e.g. patient, test person, experimentee /
analphalipoproteinemia).

Decide on synonyms: researchers do not have strict and for-
mal ontologies or nomenclatures in their minds when
composing a scientific article and therefore use terminol-
ogy of differing granularity. They often use parent terms to
refer to a child term, or vice-versa (e.g. ‘coronary artery dis-
ease (CHD, CAD)’ is child of ‘cardiovascular disease’, but
in many cases authors are treating them the same). Again
literature scanning, for both child and parent term, will
help to clarify how researchers refer to different terms.
Another problematic case is that of the different lipopro-
tein subclasses (based on particle size, buoyant density,
composition, etc.) where there do not exist clear limits
between them. Depending on the way of measurement
and the difference in surface lipid content, they can be
expressed in different ways. For example, in the case of
LDL, there are 5 different subclasses based on particle size
(LDL I-V), but there are also references such as ‘small
dense LDL’ or ‘buoyant LDL’ that are very often found in
text but could contain a mixture of different subclasses.
Since we need to keep only a simple hierarchy with par-
ent-child relationships, we do not incorporate any “defi-
nitional” information (e.g. that ‘small dense LDL’ consists

of a mixture of LDLIII and LDLIV). In these cases, we put
the synonyms according to the authors’ use, for example
‘small dense LDL’ as a synonym for LDL III and ‘buoyant
LDL’ or ‘large LDL’ as synonyms for LDL I [38]. A similar
example from the GO is that of ‘transporters and carriers’.
In every day language ‘transporter and carrier’ is the same
as ‘transporters or carriers’, but logically they are different.

Handle term variation: terms like ‘Tangier disease’, ‘Tan-
gier's disease’ or ‘Tangiers disease’ are variants of the same
term. Terms like ‘LDL I’, ‘LDL-I’, ‘LDL-1’, ‘LDL 1’, ‘LDL1’
and ‘LDLI’ are also variants of the same term. The process
of manually inserting such lexical variants (with hyphens,
apostrophes, slashes, or even American/British spelling
variants) in the ontology is tedious and time-consuming.
There exist programs that handle such variations by pro-
ducing the normalized form of a term, such as the UMLS
Lexical Variant Generation Program [39]. For the Lipopro-
tein Metabolism Ontology we did not use such a variant
generation program. We included only term variants we
could find in literature.

Compromises that need to be made, problems, inconsistencies
There must be made some compromises to retain a correct
ontology (meaning that it contains valid relations) and
still get the best possible results from text-mining:

Ambiguity resulting either from identical abbreviations for
different terms (e.g. ‘CAM’ can stand for ‘constitutively
active mutants’, ‘cell adhesion molecule’, or ‘complemen-
tary alternative medicine’), or ambiguous term labels (e.g.
‘embryo’ for ‘mouse embryo’ or ‘male’ for ‘male patients’)
is always a problem. Abbreviations and acronyms should
be included in the ontology, but conservatively or with an
appropriate algorithm that could handle them. Word
sense disambiguation is a salient point here; knowledge
sources like long-form/short-form combinations, domain
(context under which the word is used) and collocations
(adjacent words/terms) can be exploited to provide the
correct sense of the term [40]. For the case of incomplete
term labels, let us consider the following example: we are
only interested in experiments performed in human
patients and need to distinguish between human- and
animal- referring articles. One option is to insert into the
ontology only human-specific terms, such as ‘experimen-
tee’, ‘patient’, ‘man’, ‘boy’, etc. ‘Male’ cannot be in the
ontology, since it could also be referring to animals.
Another option is to maintain a list of human- and ani-
mal- specific words or expressions and then transform the
algorithm in a way that one could make a Boolean selec-
tion (e.g. AND human, NOT animal) in the query and
finally include or exclude the results for the specific selec-
tions.
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Try to avoid any possible inconsistencies. To illustrate the
implication of inconsistencies on reasoning, let us
describe the following example: a researcher is interested
in the different lipoprotein levels in patients of different
race and geographical location, since there has been evi-
dence that these two factors affect lipoprotein metabo-
lism. Combination of geographical information as well as
racial information in one part of the ontology is, there-
fore, needed. Many articles refer to “African-Americans” as
“blacks”, so the term must be included under ‘ethnic
group’. Then the following must be valid: define ‘Cauca-
sian’, ‘African’ and ‘Asian’ as ‘ethnic group’, ‘American’ is
a ‘Caucasian’, ‘African-American’ is a ‘African’, ‘African-
American’ is a ‘American’, ‘African-American’ is ‘black’
(synonym), ‘Caucasian’ is white (synonym) but ‘African-
American’ cannot be ‘Caucasian’ or ‘white’ (although he is
‘American’). This is similar to the case of mammals that
lay eggs or the ‘Man, Woman, Eunuch’ example described
earlier; people very often formulate rules such as “nor-
mally is-a”, as there are always exceptions. For the LMO
we excluded the ‘American’ concept and added ‘African-
American’ as child of ‘African’ and ‘Hispanic-American’ as
child of ‘Caucasian’.

Results
The Lipoprotein Metabolism Ontology (LMO) was man-
ually built in collaboration with domain experts from
Unilever for the purpose of document retrieval. It consists
of 223 concepts and 623 additional synonyms, with an
average term length of 14 (2 words of 7 characters). A con-
cept as used here consists of a concept label and optional
synonymous terms. A term can be any word or phrase of
relevance to the studied domain. Together with the Nutri-
tion Ontology from the NCI Cancer Nutrition Ontology
Project [25], the LMO contains in total 522 concepts and
964 additional synonyms, with an average term length of
15 (2 words of 7.5 characters). Concerning the relations
between the concepts, the mean number of parents is 2
(with a maximum of 3) and the mean number of siblings
is 5 (with a maximum of 10). We did not include the
Nutrition Ontology terms in the experiment, as we only
wanted to compare the terminology created manually by
us with the automatically derived terminologies from the
different term extraction methods. For Automatic Term
Recognition (ATR), a ‘lipoprotein metabolism’-specific
corpus was created, consisting of 300 abstracts collected
from PubMed with the query “lipoprotein metabolism”
(limit for Review papers). These 300 abstracts were the
maximal number of articles where all methods delivered
results. Five different ATR methods were tested on that
corpus, namely Text2Onto, OntoLearn, Termine [41-43]
and two methods developed in-house, one considering
the relative frequency (RelFreq) of a term in the corpus
and the other (TFIDF) additionally using the document
frequency derived from all phrases contained in NCBI's

PubMed database. Termine [43] considers several statisti-
cal characteristics of the candidate term, such as the total
frequency of occurrence in the corpus, the frequence of
the term as part of other longer candidate terms (and the
number of these) and the length of the candidate term (in
number of words). Text2Onto [41] is based on algorithms
calculating the Relative Term Frequency and TFIDF, as
well as Entropy and the C-value/NC-value used by Ter-
mine in order to extract the concepts. It further exploits
the hypernym structure of WordNet [44], matches Hearst
patterns [45] and others in the corpus in order to get the
relations (subclass_of, part_of, instance_of), but at this
point we only examined the terminology extraction preci-
sion. OntoLearn [42] uses a linguistic processor and a syn-
tactic parser in order to extract a list of syntactically
plausible terminological noun phrases. For filtering “true”
terminology, OntoLearn is based on two measures,
namely Domain Relevance and Domain Consensus,
which calculate the specificity of a candidate term with
respect to the target domain via comparative analysis
across different domains as well as the distributed use of a
term in a domain. OntoLearn was excluded from further
analysis, as it only generated a few terms so that a mean-
ingful comparison would be possible, see Table 1.
Text2Onto was only included in the analysis for 300
abstracts as it was not possible to process all 3066 review
article abstracts for “lipoprotein metabolism” listed in
PubMed. We performed a bipartite analysis. We tried to
automatically reconstruct the manually created LMO ter-
minology, compared the terms predicted by the four
methods to the current LMO terms and also evaluated
manually the top 1000 retrieved terms. All automatic
comparisons between candidate terms and LMO were not
case sensitive.

Reconstruction of LMO terminology
Consider Table 2, which shows the percentage of terms
that can be generated by the four methods. The first table
lists the results for LMO alone, the second for LMO and
terms considered relevant after manual inspection. Fur-
thermore, we distinguish precision and average precision.
The latter takes the ranking of terms into account:

(1) , with

(2) where r is the rank of

retrieval and P(r) is the precision at a cut-off rank. For
each of the four methods we list the percentage of relevant
terms for the top 50, top 200, and top 1000 predictions.
The results show that the precision for the top 50 predic-
tions for LMO ranges from 17-35% and 4-8% for the top
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1000 predictions. Using LMO and the expert terms leads
to better results of up to 75% for the top 50 predictions
and up to 29% for the top 1000. Considering the average
precision and thus the ranking of terms, results for the top
50 predictions go up to 89% and for the top 1000 up to
51%. Generally, Termine which favours long terms per-
forms well for the top 50, because long terms are a good
indicator of a relevant term. However, there are many
short terms, which are relevant, too. The TFIDF and Rel-
Freq methods can pick up these terms, as they include
background knowledge, i.e. frequencies of terms in
PubMed. By and large, Text2Onto does not perform so
well as it neither includes domain-specific background
knowledge (as in the case of the TFIDF developed in-
house) nor the ranking pursued by Termine, which is
biased towards longer frequent terms. Text2Onto sug-
gested short and very general terms, like ‘use’, ‘effect’,
‘study’, ‘event’, etc. Although we explicitly deactivated the
relation extraction part for this experiment, it is not clear
why Text2Onto persisted in ranking these terms in the top
of the list. Overall, the results are encouraging, as they
indicate that a large part of the terminology can be gener-
ated automatically.

Concerning recall, consider Table 3. 3066 documents
contain only 53% of the LMO terms literally. TFIDF man-

ages to predict up 39%, which is an encouraging result.
Increasing the document base to 50.000 only 71% of the
LMO terms are included indicating a possible upper limit.
Figure 2 provides an overview of the results we acquired
from these comparisons. Figures 3 and 4 provide zoom-
ins of Figure 2, describing the performance of each
method in the top 50 predicted terms.

Discussion
The low coverage of the LMO in the data sets calls in ques-
tion the document set selected and the suitability of the
manually built LMO itself. The straightforward approach
to select relevant documents from PubMed (review arti-
cles in “lipoprotein metabolism”) did not return enough
documents to cover all of the LMO.

The LMO terms that were absent from the 50,000 PubMed
abstracts were grouped in five categories: rarely occurring
terms, rarely occurring variants of terms, very long terms,
combinations of terms/variants and, finally, terms that
should normally be easily found. Terms such as ‘experi-
mentee’ (2) (absolute count of appearance in PubMed per
term is given in parenthesis), ‘obesive’ (2), ‘test person’
(76) and ‘central fatness’ (9) are LMO terms, but rarely
used by authors and, therefore, rarely appearing in
PubMed. The second group contains variants of terms that
appear rarely in PubMed, such as ‘Apo-F’ (14), ‘apolipo-
protein c-3’ (4), ‘IDL I’ (1), ‘VLDL chol’ (34), ‘diabetis’

Table 1: Top 25 predicted terms per method. Listing of the top 25 predictions for TFIDF, RelFreq, Termine, Text2Onto and 
OntoLearn. Terms relevant to the lipoprotein metabolism domain are marked with x.

Methods

Rank TFIDF RelFreq Termine Text2Onto OntoLearn

1 x metabolic syndrome review x low-density lipoprotein x patient Mutation
2 x HDL x metabolic syndrome x cardiovascular disease x disease fish oil
3 x atherosclerosis x diabetes x metabolic syndrome risk hypercholesterolaemia
4 review x atherosclerosis x risk factor effect Serum
5 x LDL x HDL x cardiovascular risk study progression of atherosclerosis
6 x cardiovascular disease x LDL x high-density lipoprotein level Apheresis
7 x diabetes x cardiovascular disease x low-density lipoprotein cholesterol x atherosclerosis omega-3
8 x dyslipidemia x cholesterol x high-density lipoprotein cholesterol x cholesterol treatment of hypertriglyceridemia
9 x high-density lipoprotein type x fatty acid x lipoprotein reductase inhibitor
10 x cholesterol article x coronary heart disease x statin Triglyceride
11 x low-density lipoprotein x fatty acids x coronary artery disease role adhesion molecule
12 x cardiovascular risk x high-density lipoprotein clinical trial syndrome Evolution
13 x fatty acids role x ldl cholesterol x diabetes purification process
14 article x dyslipidemia x heart disease x trial Prescription omega-3
15 x insulin resistance x low-density lipoprotein x diabetes mellitus protein omega-6
16 type x cardiovascular risk x omega-3 fatty acid x risk factor hiv-infected
17 x statin x hypertension blood pressure x treatment marker of inflammation
18 x hypertension combination x oxidative stress event strong evidence
19 x inflammation x insulin resistance increased risk therapy attractive target
20 x VLDL protein density lipoprotein review accelerated atherosclerosis
21 x lipid metabolism x disease x cardiovascular risk factor type internalization
22 combination studies coronary artery mechanism Scenario
23 role x inflammation x statin therapy evidence protease inhibitor
24 x oxidative stress association x plant sterol development inflammatory cell
25 x obesity x plasma x reverse cholesterol transport use inflammatory marker
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(37, instead of 270177 occurrences for ‘diabetes’), ‘free
chol’ (0, instead of 2622 for ‘free cholesterol’), ‘hypolipo-
proteinaemia’ (5, “ae” spelling is rare), ‘insuline resistant’
(0, instead of 3912 for ‘insulin resistant’), ‘slo syndrome’
(36) and ‘sphingomyelinase deficiency disease’(0, MeSH
synonym for ‘Niemann-Pick Disease’). However, we
decided to include such terms in the LMO for complete-
ness. The third category contains terms that are too long
and, therefore, unlikely to appear as such in text: ‘receptor-
mediated extra-hepatic cellular uptake’ (0), ‘macrophague
cellular uptake’ (0), ‘predominance of large low-density
lipoprotein particles’ (0) and ‘apob100 containing parti-
cles’ (2). However, given the initial purpose of the LMO
for document retrieval, these terms were included to be
recognized by the ontology-based text-mining methods
[18]. The fourth group is a combination of the previous
two, i.e. LMO terms that are long terms and contain rare

variants of LMO terms, such as ‘elevated plasma-tg level’
(0), ‘increased total chol’ (0, instead of 116 for ‘increased
total cholesterol’), ‘long-lived test person’ (0), ‘apoprotein
b100 kinetics’ (0), ‘elevated plasma tg concentrations’ (0),
and ‘decreased hdl-chol’ (4). The last group contains LMO
terms that appear often in PubMed and should normally
be identified, but are probably absent from the document
set, due to its size or specificity. Such terms are ‘diabetes
type I’ (126), ‘acetyl-coa c-acyltransferase’ (430), ‘apolipo-
protein-c’ (1585), ‘type-II diabetic’ (1132), ‘long-lived
population’ (23), ‘middle-aged adult’ (81), ‘human body
composition’ (95), and ‘lipid poor HDL’ (12).

The third and fourth groups of terms belong to the same
category as the hydrolase activity example described ear-
lier. Composite terms like ‘receptor-mediated extra-
hepatic cellular uptake’ and ‘predominance of large low-

Table 2: Precision and Average Precision (rank dependent) for top 50 / 200 / 1000 predictions for 4 methods (TFIDF, Relative 
Frequency, Termine, Text2Onto) in terms of coverage of LMO and relevant vocabulary. The key finding is that among the top 1000 
predictions there are up to 51% terms, which are in the LMO or considered good terms by expert, implying that automated term 
recognition can play an important role in semi-automated ontology design.

LMO

Precision AveragePrecision

Top TFIDF Termine Text2Onto RelFreq TFIDF Termine Text2Onto RelFreq

50 35% 19% 17% 35% 65% 54% 38% 54%

200 20% 10% 12% 22% 42% 28% 23% 37%

1000 8% 4% 5% 8% 21% 12% 12% 20%

LMO + Domain expert

Precision Average Precision

Top TFIDF Termine Text2Onto RelFreq TFIDF Termine Text2Onto RelFreq

50 75% 67% 33% 56% 86% 89% 52% 70%

200 55% 40% 49% 49% 74% 65% 38% 60%

1000 29% 20% 14% 28% 51% 40% 25% 45%

Table 3: Coverage of LMO terminology in selected document sets. The table sets the upper limit of terms that can be found with text-
mining: Even a large text base with 50,000 documents contains only 71% of LMO terms. TFIDF can predict up to 38% of LMO terms.

LMO terminology predicted by TFIDF LMO terminology literally 
contained

1000 all

300 review abstracts for “lipoprotein metabolism” 8.75% 15.35% 20.98%
3,066 abstracts for “lipoprotein metabolism” 14.99% 38.25% 53.00%
50,000 abstracts containing “lipoprotein” 71.22%
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density lipoprotein particles’ could be easily broken into
several semantic parts (e.g. receptor-mediated/ extra-
hepatic/ cellular uptake, or more) and handled by an algo-
rithm that could later compose them and still keep their
semantics.

The terms that were predicted by most of the methods but
were not in the LMO were further examined and grouped.
These were either wrongly predicted ones, meaning
phrases frequently occurring in the corpus, but not rele-
vant to LMO, (~ 25% of the TFIDF predictions for the
Top50 terms) (e.g. ‘review’, ‘type’, ‘article’, ‘role’, ‘event’,
‘use’) or vocabulary that could extend the current ontol-
ogy (~ 40% of the TFIDF predictions for the Top50 terms).
This would include disease-specific terms such as ‘athero-
sclerosis’, ‘cardiovascular risk’ and ‘atherogenic dyslipi-
demia’, drugs or other chemicals such as ‘statins’,
‘ezetimibe’ and ‘torcetrapib’, or even method and therapy
related terms like ‘dose’ and ‘lipid lowering therapy’.

Availability
The TFIDF term recognition is available as Web Service,
described at http://gopubmed4.biotec.tu-dresden.de/Ida
vollWebService/services/CandidateTermGenera
torSve?wsdl

Conclusions
As pointed out in [3], automated term recognition is miss-
ing from many ontology design methologies. In this
paper, we manually created an ontology for lipid metabo-
lism with 223 concepts and 623 additional synonyms
(846 terms in total), we derived design principles and sys-
tematically evaluated four methods for automated term
recognition.

Automated predictions of up to 1000 terms generate in
the order of 40-50% useful terms. Considering only the
top 50 terms, the results improve up to 89% average preci-
sion for LMO + domain expert (defined earlier). This sug-
gests that Automatic Term Recognition (ATR) methods

Overlap with manually curated LMO and manual evaluationFigure 2
Overlap with manually curated LMO and manual evaluation. Precision at a certain rank r represents each method's 
capability to recognize domain relevant terms within the top r retrieved terms. The chart shows the overlap within the top r 
predicted terms with LMO and the manual evaluation (MANUAL). For example, from the top 50 predicted terms by 
Text2Onto, 20% are in LMO and 36% are correct according to the manual evaluation.
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can aid and speed up the process of ontology design by
providing lists of useful domain-specific terms, but that
they cannot (yet) replace the manually designed term
lists. The key problem to further improve these results are
composite terms which do not appear literally in text, like
GO's ‘hydrolase activity, acting on ester bonds’ or LMO's
‘receptor-mediated extra-hepatic cellular uptake’.

Overall, our results show that ontology development can
be performed in a semi-automatic way. The domain
expert must have as initial input the output from an auto-
matic term recognition method and proceed with enrich-
ing the ontology. The experiment as described aims at
providing restrictions as well as decision points for includ-
ing, excluding and reforming ontology terms. Once the
domain expert acquires the list of candidate terms, he/she
needs to decide on the relations between them. Formula-
tion of questions is one of the most important steps in the
ontology design process, helping to step from a list to an
ontology.

We discussed principles for development of an ontology
with text-mining as intended use, based on our personal
experience from the manual development of the Lipopro-
tein Metabolism Ontology and GoPubMed. We related
these principles to the performance of four different ATR
methods and their agreement with the manually built
LMO. Open problems relate to the choice of suitable text
bodies for term recognition as well as generation of com-
posite terms from basic ones.

List of abbreviations used
LMO – Lipoprotein Metabolism Ontology

ATR – Automatic Term Recognition

OBO foundry – Open Biomedical Ontologies Foundry

MeSH – Medical Subject Headings

GO – Gene Ontology

Overlap with LMOFigure 3
Overlap with LMO. Precision at a certain rank r represents each method's capability to recognize domain relevant terms 
within the top r retrieved terms. The chart shows the overlap within the top r predicted terms with LMO. For example, from 
the top 20 predicted terms by TFIDF, 65% are in LMO.
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Overlap with controlled lipoprotein metabolism vocabulary and additional manual evaluation (makes sense/makes no sense)Figure 4
Overlap with controlled lipoprotein metabolism vocabulary and additional manual evaluation (makes sense/
makes no sense). Precision at a certain rank r represents each method's capability to recognize domain relevant terms within 
the top r retrieved terms. The chart shows the overlap within the top r predicted terms with the manual evaluation. For exam-
ple, from the top 10 predicted terms by Termine, 100% are relevant to lipoprotein metabolism.

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 10 20 30 40 50

Rank of Predicted Terms

P
re

ci
si

o
n

TFIDF MANUAL

Termine MANUAL

Text2Onto MANUAL

RelFreq MANUAL
Page 11 of 12
(page number not for citation purposes)



BMC Bioinformatics 2008, 9(Suppl 4):S2 http://www.biomedcentral.com/1471-2105/9/S4/S2
This article has been published as part of BMC Bioinformatics Volume 9 Sup-
plement 4, 2008: A Semantic Web for Bioinformatics: Goals, Tools, Sys-
tems, Applications. The full contents of the supplement are available online 
at http://www.biomedcentral.com/1471-2105/9?issue=S4.

References
1. Soldatova LN, King RD: Are the current ontologies in biology

good ontologies?  Nat Biotechnol 2005, 23(9):1095-1098.
2. Sowa JF: Knowledge Representation: Logical, Philosophical, and Computa-

tional Foundations Brooks Cole Publishing Co; 2000. 
3. Castro AG, Rocca-Serra P, Stevens R, Taylor C, Nashar K, Ragan MA,

Sansone SA: The use of concept maps during knowledge elici-
tation in ontology development processes – the nutrigenom-
ics use case.  BMC Bioinformatics 2006, 7:267.

4. Eilbeck K, Lewis SE, Mungall CJ, Yandell M, Stein L, Durbin R, Ash-
burner M: The Sequence Ontology: a tool for the unification
of genome annotations.  Genome Biol 2005, 6(5):R44.

5. Whetzel PL, Parkinson H, Causton HC, Fan L, Fostel J, Fragoso G,
Game L, Heiskanen M, Morrison N, Rocca-Serra P, Sansone SA, Tay-
lor C, White J, Stoeckert CJ Jr: The MGED Ontology: a resource
for semantics-based description of microarray experiments.
Bioinformatics 2006, 22:866-73.

6. Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM,
Davis AP, Dolinski K, Dwight SS, Eppig JT, et al.: Gene ontology:
tool for the unification of biology. The Gene Ontology Con-
sortium.  Nat Genet 2000, 25(1):25-29.

7. Evsikov AV, de VWN, Peaston AE, Radford EE, Fancher KS, Chen FH,
Blake JA, Bult CJ, Latham KE, Solter D, et al.: Systems biology of
the 2-cell mouse embryo.  Cytogenet Genome Res 2004, 105(2-
4):240-250.

8. Wroe CJ, Stevens RD, Goble CA, Ashburner M: A methodology to
migrate the gene ontology to a description logic environ-
ment using DAML+OIL.  In Proceedings of the 8th Pacific Symposium
on Biocomputing (PSB 2003) Edited by: Altman RB, Dunker AK, Hunter L,
Jung TA, Klein TE. World Scientific Publishing; 2003:624-35.  3-7 January
2003; Hawaii, USA

9. Rector AL, Rogers JE, Pole P: The GALEN high level ontology.
In Proceedings of Medical Informatics Europe '96 (MIE'96); Copenhagen
Edited by: Brender J, Christensen JP, Scherrer JR and McNair P. IOS Press;
1996:174-178. 

10. Spackman KA: SNOMED CT milestones: endorsements are
added to already-impressive standards credentials.  Healthc
Inform 2004, 21(9):54-56.

11. Rosse C, Mejino JVL: A reference ontology for biomedical infor-
matics: the Foundational Model of Anatomy.  J Biomed Inform
2003, 36(6):478-500.

12. Bodenreider O: The Unified Medical Language System
(UMLS): integrating biomedical terminology.  Nucleic Acids Res
2004, 32:D267-70.

13. Open Biomedical Ontologies Foundry.  . [http://obofoun
dry.org/]

14. Bard J, Rhee SY, Ashburner M: An ontology for cell types.  Genome
Biol 2005, 6(2):R21.

15. Bodenreider O, Stevens R: Bio-ontologies: current trends and
future directions.  Brief Bioinform 2006, 7(3):256-74.

16. Blake JA, Bult CJ: Beyond the data deluge: data integration and
bio-ontologies.  J Biomed Inform 2006, 39(3):314-20.

17. Baker PG, Goble CA, Bechhofer S, Paton NW, Stevens R, Brass A:
An ontology for bioinformatics applications.  Bioinformatics
1999, 15(6):510-520.

18. Doms A, Schroeder M: GoPubMed: exploring PubMed with the
Gene Ontology.  Nucleic Acids Res 2005, 33:W783-786.

19. GoPubMed.  . [http://gopubmed.org/]
20. Nelson SJ, Johnston D, Humphreys BL: Relationships in Medical

Subject Headings.  In Relationships in the organization of knowledge
Edited by: Bean CA, Green R. New York: Kluwer Academic Publishers;
2001:171-184. 

21. Mueller HM, Kenny EE, Sternberg PW: Textpresso: An Ontology-
Based Information Retrieval and Extraction System for Bio-
logical Literature.  PLoS Biol 2004, 2(11):e309.

22. Perez-Iratxeta C, Pérez AJ, Bork P, Andrade MA: Update on
XplorMed: A web server for exploring scientific literature.
Nucleic Acids Res 2003, 31(13):3866-8.

23. GoMiner.  . [http://discover.nci.nih.gov/gominer/]

24. Uschold M: Building Ontologies: Towards a Unified Methodol-
ogy.  In 16th Annual Conf of British Computer Society Specialist Group on
Expert Systems: 1996 Cambridge, UK; 1996. 

25. NCI Cancer Nutrition Ontology Project.  . [http://
gforge.nci.nih.gov/projects/nutrition/]

26. Automatic labeling of document clusters.  . [http://
www.cis.upenn.edu/~popescul/Publications/popescul00labeling.pdf]

27. Protégé OWL plug-in.  . [http://protege.stanford.edu/overview/
protege-owl.html]

28. CmapTools.  . [http://cmap.ihmc.us/]
29. Smith B, Köhler J, Kumar A: On the Application of Formal Prin-

ciples to Life Science Data: a Case Study in the Gene Ontol-
ogy.  In Proceedings of the First International Workshop on Data
Integration in the Life Sciences, DILS Edited by: Rahm E. Springer Leipzig,
Germany; 2004:79-94.  25-26 March 2004

30. Aranguren ME, Bechhofer S, Lord P, Sattler U, Stevens R: Under-
standing and using the meaning of statements in a bio-ontol-
ogy: recasting the Gene Ontology in OWL.  BMC Bioinformatics
2007, 8:57.

31. Definition of mammals.  . [http://www.biology-online.org/diction
ary/Mammals]

32. Hoehndorf R, Loebe F, Kelso J, Herre H: Representing default
knowledge in biomedical ontologies: Application to the inte-
gration of anatomy and phenotype ontologies.  BMC Bioinfor-
matics 2007, 8(1):377.

33. Rector A: Defaults, context, and knowledge: alternatives for
OWL-indexed knowledge bases.  In Proceedings of the 9th Pacific
Symposium on Biocomputing (PSB 2004) Edited by: Altman RB, Dunker
AK, Hunter L, Jung TA, Klein TE. World Scientific Publishing; 2004:226-237.
6-10 January 2004; Hawaii, USA

34. Ogren PV, Cohen KB, Acquaah-Mensah GK, Eberlein J, Hunter L:
The compositional structure of Gene Ontology terms.  In Pro-
ceedings of the 9th Pacific Symposium on Biocomputing (PSB 2004) Edited
by: Altman RB, Dunker AK, Hunter L, Jung TA, Klein TE. World Scientific
Publishing; 2004:214-225.  6-10 January 2004; Hawaii, USA

35. Ogren PV, Cohen KB, Hunter L: Implications of compositionality
in the Gene Ontology for its curation and usage.  In Proceedings
of the 10th Pacific Symposium on Biocomputing (PSB 2005) Edited by: Alt-
man RB, Dunker AK, Hunter L, Jung TA, Klein TE. World Scientific Publish-
ing; 2005:174-185.  4-8 January 2005; Hawaii, USA

36. Stefanowski J, Weiss D: Carrot2 and language properties in
Web search results clustering.  In Proceedings of the First Interna-
tional Atlantic Web Intelligence Conference Edited by: Ruiz EM, Segovia J,
Szczepaniak PS. Springer; 2003:240-249.  5-6 May 2003; Madrid, Spain

37. Lame G: Using NLP techniques to identify legal ontology
components: Concepts and Relations.  Artificial Intelligence and
Law 2004, 12:379-396.

38. Berneis K, Rizzo M: LDL size: does it matter?  Swiss Med Wkly
2004, 134(49-50):720-724.

39. McCray A, Srinivasan S, Browne A: Lexical methods for manag-
ing variation in biomedical terminologies.  In Proceedings of the
18th Annual Symposium on Computer Applications in Medical Care Wash-
ington, D.C. Hanley & Belfus, Inc.; 1994:235-9.  5-9 November 1994

40. Agirre E, Stevenson M: Knowledge Sources for WSD.  In Word
Sense Disambiguation: Algorithms and Applications Edited by: Agirre E,
Edmonds P. Springer:217-251.  2006

41. Cimiano P, Völker J: Text2Onto - A Framework for Ontology
Learning and Data-driven Change Discovery.  In Proceedings of
the 10th International Conference on Applications of Natural Language to
Information Systems (NLDB 2005) Edited by: Montoyo A, Muñoz R,
Métais E: Springer. Springer; 2005:227-238.  15-17 June 2005; Alicante,
Spain

42. Navigli R, Verlardi P: Learning Domain Ontologies from Docu-
ment Warehouses and Dedicated Websites.  Computational Lin-
guistics 2004, 30(2):.

43. Frantzi K, Ananiadou S, Mima H: Automatic recognition of multi-
word terms: the C-value/NC-value method.  International Jour-
nal on Digital Libraries 2000, 3(2):115-130.

44. Fellbaum C: WordNet: an electronic lexical database Cambridge, MA: MIT
Press; 1998. 

45. Hearst M: Automatic acquisition of hyponyms from large text
corpora.  In Proceedings of the Fourteenth International Conference on
Computational Linguistics Association for Computational Linguistics;
1992:539-545.  23-28 August 1992; Nantes, France
Page 12 of 12
(page number not for citation purposes)

http://www.biomedcentral.com/1471-2105/9?issue=S4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16151402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16151402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16725019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16725019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16725019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15892872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15892872
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16428806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16428806
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10802651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10802651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10802651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15237213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15237213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15457880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15457880
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14759820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14759820
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14681409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14681409
http://obofoundry.org/
http://obofoundry.org/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15693950
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16899495
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16564748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16564748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10383475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10383475
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15980585
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15980585
http://gopubmed.org/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15383839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15383839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15383839
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12824439
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12824439
http://discover.nci.nih.gov/gominer/
http://gforge.nci.nih.gov/projects/nutrition/
http://gforge.nci.nih.gov/projects/nutrition/
http://www.cis.upenn.edu/~popescul/Publications/popescul00labeling.pdf
http://www.cis.upenn.edu/~popescul/Publications/popescul00labeling.pdf
http://protege.stanford.edu/overview/protege-owl.html
http://protege.stanford.edu/overview/protege-owl.html
http://cmap.ihmc.us/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17311682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17311682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17311682
http://www.biology-online.org/dictionary/Mammals
http://www.biology-online.org/dictionary/Mammals
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17925014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17925014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17925014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15635490


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


