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• What they are:
• Structured repositories for biological knowledge
• Dictionaries, thesauri, topic hierarchies, domain 

models, databases & ontologies
• What they do:

• Organize knowledge in the biology field on a 
shared vocabulary (GO)

• Categorize text in the biology field for document 
retrieval (MeSH)

• Provide  text annotation for information extraction
in Biology domain (GENIA)
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Search Term

Matching Abstracts
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MeSH Heading

Matching Abstracts       
(10 x fewer)
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No sub-heading 
expansion

Matching Abstracts       
(79 fewer)
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GO:0006410 : 
transcription, 
RNA-dependent

GO:0006351 : 
transcription, 
DNA-dependent

GO:0006350 : transcription

Is_A Is_A

OBO biological process 

Transcription, Genetic
[G05.310.700]

Reverse Transcription
[G05.310.700.500]

Is_
Subheading

MeSH
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Transcription              
(38,945 abstracts)

Reverse 
Transcripti
on    (200 
abstracts)

Reverse 
Transcription only 
(79 abstracts)

Transcription, Genetic
[G05.310.700]

Reverse Transcription
[G05.310.700.500]

is_
subheading



• Differences in Design:
• “Transcription” has one child in MeSH, two in GO

• Differences in Function:
• MeSH “Transcription” is a topic used to sort and 

retrieve full documents
• GO “Transcription” is a real-world event that can 

be associated with a set of experimental results
• The hierarchies have different  interpretations
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• Differences in Design:
• “Transcription” has one child in MeSH, two in GO

• Differences in Function:
• MeSH “Transcription” is a topic used to sort and 

retrieve full documents
• GO “Transcription” is a real-world event that can be 

associated with a set of experimental results
• GENIA

Text annotation: on text, not  the biological 
reality

Segments of text which describe  biological 
realities  
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Transcription              
(38,945 abstracts)

Reverse 
Transcripti
on    (200 
abstracts)

Reverse 
Transcription only 
(79 abstracts)

Transcription, Genetic
[G05.310.700]

Reverse Transcription
[G05.310.700.500]

is_
subheading

Word “transcription” appears



GO:  Full papers as evidence
Mesh: Abstracts 

Our focus is on vocabulary terms that can be 
associated with contiguous sub-sentential spans of 
text: term-level annotation.  
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• Granularity:   How detailed are the representations?
A structured knowledge resource for term-level 

annotation should represent terms and relations that 
are commonly expressed in contiguous spans of text 
in the target domain. 

• Interoperability:    Do the entities correspond to state-
of-the-art shared knowledge of the domain?
A structured knowledge resource for term-level 

annotation should represent consistently-defined 
relations among terms that bear meaningful 
correspondences with other  ontological  knowledge 
resources of the target domain. 15
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• Annotation-related uses:
• Controlled vocabulary used to label biology databases, so that 

experimental results from diverse laboratories can be 
automatically compared (Camon, Magrane et al. 2004).

• Annotation example:  The sentence shown is an excerpt from 
PubMed document PMID:12458670.  GO annotation is given as a 
database entry that can be paraphrased as:
Drug binding, GO term 0008144,  occurs between Alb and the chemical 

with CHEBI ID:28939, based on experimental evidence type IPI 
described in the paper with PubMed ID 12458670.

17

Covalent binding between N-acetyl-L-cysteine (NAC) and albumin was 
evaluated kinetically by conducting in vitro experiments.
GO ID: 0008144; Alb; CHEBI:28939; PMID:12458670; IPI



• Interoperability is Strong:
• Open development model with diverse contributors
• Adheres to OBO Foundry1 Principles, including:

• Expressed in common syntax (OWL, XML)
• Relations among ontology terms (Is_A, Part_of) are 

drawn from the OBO Relation ontology2

• Granularity may be overly-fine for term annotation 
purposes:
• (Ogren, 2005) found that the terms which are used most 

often occur at higher levels of the ontology
• (Camon, et al. 2005) found that 35% of GO term names 

appeared as strings in a sample MEDLINE corpus.

181 http://www.obofoundry.org/crit.shtml
2 http://www.obofoundry.org/ro/



• Annotation-related uses: 
• Annotating scientific papers from the 

PubMed/MEDLINE database.  As documents are 
annotated with relevant concepts from the hierarchy, 
the documents themselves can be sorted, collected, 
organized, and retrieved more effectively. 
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• Interoperability is strong but weaker than GO:
• Terms in the MeSH hierarchy are treated as topics in a partial 

ordering
• Parent concepts are “more specific than” child concepts, 

without constraints in terms of biological relations
• Leaf-level mappings are provided to comparable vocabularies, 

such as names in the Chemical Abstracts Service (CAS)1

• Granularity is strongly linked to document-level annotation:
…MeSH contains a descriptor for 'Whales' but the domain of MeSH is biomedicine 

and not zoology. In the MEDLINE citation database, there are not sufficient 
citations to create a separate descriptor for each specific whale species. 
Nevertheless, it is useful to have the species names as entry terms to the 
descriptor. Gains in precision of retrieval by creating more specific descriptors 
would be small. (Nelson, 2001)

• But may be too fine-grained for term-level annotation: depth > 
11 in some sections

201 http://www.cas.org/expertise/cascontent/registry/



• Annotation-related uses: 
• Biologically important terms are annotated in scientific 

abstracts that have been sampled from MEDLINE (latest 
release includes 18,545 annotated sentences) 

• Annotations are made as in-line XML markup

• Annotation example:

21

Covalent binding between N-acetyl-L-cysteine (NAC) and albumin was evaluated 
kinetically by conducting in vitro experiments.
Covalent  <term sem=“binding”> binding </term>  between 
<term sem=“Amino_acid_monomer”> N-acetyl-L-cysteine (NAC) </term> and 
<term sem=“Protein_molecule”> albumin </term> was evaluated kinetically by 
conducting in vitro experiments.



• Interoperability is weaker than GO and MeSH:
• Non-standard relations are used and applied inconsistently, so 

structural mapping to GO relations would be inexact
• Term definitions are missing and/or unclear, so term mappings 

are difficult
• Classification criteria among sibling classes are not consistent: 

sometimes biological, sometimes non-biological
• Terms with common names have non-standard meanings ( e.g. 

Protein)
• Granularity is specifically tuned to terms that occur frequently

in contiguous spans of text:
• Maximum depth of hierarchy is 6 
• Finer-grained distinctions would require more context 

(document-level) and possibly background knowledge 
• Candidate terms with few examples found in the course of 

annotation have been pruned
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• Interoperability is weaker than GO (and MeSH):
• Non-standard relations are used and applied inconsistently, so 

structural mapping to GO relations would be inexact
• Term definitions are missing and/or unclear, so term mappings 

are difficult
• Classification criteria among sibling classes are not consistent: 

sometimes biological, sometimes non-biological
• Terms with common names have non-standard meanings ( e.g. 

Protein)
• Granularity is specifically tuned to terms that occur frequently in 

contiguous spans of text:
• Maximum depth of hierarchy is 6 
• Finer-grained distinctions would require more context 

(document-level) and possibly background knowledge 
• Candidate terms with few examples found in the course of 

annotation have been pruned
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• Different from classifying  biological entities 
• classification criteria are contextual, not biological
• important point of confusion for users of GENIA

• Important for creating term-annotated data & training 
downstream systems

• Expression classes can be ambiguous in ways that 
biological entities are not, requiring common ancestors in 
the expression hierarchy:
• “NF Kappa B” Protein family?  Protein complex?

• Ontological definitions & principles can help distill these 
differences
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Frequently observed ambiguities 
• Gene Names and Gene Products (Proteins)
• Domain names and Proteins with the domains
• Family names and Specific protein molecules
• Protein Complexes and  Pure Proteins 
Under-specification in Text
• The local context  (a sentence) often lacks information 

for disambiguation
• Some sentences refer to aggregated textual concepts 

which correspond to different biological entities: 
“This paper discusses A”,  “the role of A in …”
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271   http://www-tsujii.is.s.u-tokyo.ac.jp/~genia/topics/Corpus/genia-
ontology.html#source
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Genia version 1.0 Term Example sentence

Protein_family_or_group “Fibrinogen activates NF-kappa B transcription factors in 
mononuclear phagocytes.”

Protein_complex “Analysis of the nuclear extracts with antibodies directed 
against the major components of NF-kappa B, the p50 and 
RelA (p65) proteins, indicated that the composition of NF-
kappa B was similar in neonatal and adult cells.”

Individual protein molecule 
(Protein_molecule)

“We have detected a specific nuclear protein complex that 
binds to the element and show that NF-kappa B1 (p50) is a 
part of this complex.”

Subunit of protein complex Deprecated in GENIA Term 1.0

Substructure of protein Deprecated in GENIA Term 1.0

Protein_domain_or_region “Does nucleolin bind the NF kappa B DNA binding motif?”
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Genia version 1.0 Term Example sentence

Protein_family_or_group “Besides p50, 1,25(OH)2D3 decreased the levels of another 
NF-kappa B protein, namely c-rel.”

Protein_complex “This was due to the presence of active NF-kappa B in the 
nucleus of CD45- T cells.”

Individual protein molecule 
(Protein_molecule)

“In contrast, NF-kappa B (p50) alone fails to stimulate kappa 
B-directed transcription, and based on prior in vitro studies, is 
not directly regulated by I kappa B.”

Subunit of protein complex Deprecated in GENIA Term 1.0

Substructure of protein Deprecated in GENIA Term 1.0

Protein_domain_or_region “Does nucleolin bind the NF kappa B DNA binding motif?”
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We improve interoperability by:
1) Using standard biological definitions for terms in 

the biology taxonomy: for example “Protein”
2) Using only biological Is_A in our relations, which helps 

us to do partial structural mapping between GENIA and 
other ontologies

We maintain expressiveness/granularity that we need for 
classifying text spans by:
1) Adding a new hierarchy where text-based 

classification features, like textual context and 
metonymic usage, can be explicitly represented

2) Maintaining all of the classes that are used for GENIA 
annotation (although they have been re-arranged)
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• Add As_collection to the ontology, used to label 
expressions that use a protein name to refer to a 
collection

As_collection
As_complex
As_family_or_group

As_substructure
As_domain_or_region
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Protein name with no 
expression type (molecule)

Induction of <term sem="Protein”>NF-KB</term> during  
monocyte differentiation

Protein name used as a 
family name

…promotes induction or translocation of <term sem="Protein”
type=“As_family_or_group“>NF-KB-related factors</term>

Protein name used as a 
chemical participant in an 
event

Dithiocarbamates (DTCs) have recently been reported as 
powerful inhibitors of <term sem=“Protein”
type=“As_complex“>NF-kappaB</term> activation …

Ambiguous/difficult 
example: NFAT and NF-KB
bear similar usage but 
different sem labels

… combined inhibitory effects on <term sem="Protein”
type=“As_family_or_group“>NFAT</term> and <term 
sem="Protein” type=“As_complex”>NF-KB</term> support a 
potential use of DTCs…

NEW: As_collection 
indicates ambiguity 
between As_complex and 
As_family_or_group

… combined inhibitory effects on <term sem="Protein”
type=“As_collection“>NFAT</term> and <term sem="Protein”
type=“As_collection”>NF-KB</term> support a potential use of 
DTCs…



• GENIA is often analyzed on the basis of its fitness to 
classify biological entities, which leads to confusion

• This distinction is part of the reason why GENIA 
definitions don’t map to standard definitions of “Protein”
(i.e. poor mapping to MeSH and GO)

• Establishing which type of entities are annotated in 
GENIA (textual vs. biological) determines what tasks 
GENIA data can be used for: task definitions come 
from annotation principles

• Clarifying this issue helps annotators to understand 
their task (inter-annotator agreement is low for 
classes with an unclear textual/biological meaning!)

34



• Example strings where the annotation could be 
As_complex or As_family_or_group

• We know these expressions refer to either one or the 
other, but it’s ambiguous which -> evidence that we need 
a new textual expression term
"ap-1"
"ap1"
"bcr"
"collagen"
"dimer"
"epo"
"erythropoietin"

"il-4r"
"mhc"
"nf-at"
"nf-kappab"
"nf-kappab/rel"
"nf-kb"
"globin"
"heterodimer"

"nf-y"
"nfat"
"pr"
"rel"
"rfx"
"tcr"
"histone"
"homodimer”
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• Intrinsic criteria (current work):
• Consistency of the term definitions with known 

biological classes:  Protein is now consistent with 
common definition (and MeSH definition) 

• Consistent application of known biological relations: 
Is_A in the taxonomy is now OBO Is_A 

• Empirical criteria (future work):
• Quality of the annotations: inter-annotator agreement
• Quality of the systems trained on the annotations: 

Define a task and see whether it supports the task
• Example: named-entity recognition  (Nédellec, 

2006)
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Design a knowledge resource for text annotation (II)
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• We may consider a more complex biological ontology, as long 
as we maintain consistent relation definitions and make the 
distinction between expression types and biological types

• Process:
1. Start with a set of biological entities & relations that 

establish the domain of the knowledge resource
2. Establish a cutoff level of granularity: biological entities 

that can be identified in referring expressions
3. Find compositional properties of entities below the cutoff 

and summarize using new property ontologies 
4. Create a new ontology of referring expression types that 

links the biological classification with the textual 
classification

5. Add new types to the expression ontology as needed, to 
support textual under-specification
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• Find compositional properties of entities below the cutoff 
and summarize using new ontology terms

• Compositionality is a prominent feature of GO (Ogren, 
2005), and we observe it in MeSH as well

• Example: Protein Families exist throughout MeSH, at 
varying depths
• New top-level taxonomy term Set_or_Collection with 

Protein_family as a descendant   
• New relation Has_member relates a Protein_family to 

a Protein
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<term sem=“Protein_family”>TNF</term>

<term sem=“Protein_family”>
<term sem=“Protein_substructure”>zinc 

finger<term> proteins</term>
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• In this style, expression types are just functional 
definitions of retrieval tasks:
• “Protein referencing expressions” will include 

instances of Protein, ProteinFamily and 
ProteinComplex.

• “Protein related expressions” will include instances of 
Protein, ProteinFamily, ProteinComplex, 
proteinSubstructure and ProteinDomain, which 
corresponds to the Protein class in the current version 
of GENIA ontology.

Genia_expression
Protein_referring_expression
Protein_related_expression
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Compositionality in MeSH: Protein Families
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471      http://www.nlm.nih.gov/mesh/2008/MBrowser.html
1



Amino Acids, Peptides, and Proteins [D12] 
Proteins [D12.776]

Armadillo Domain Proteins [D12.776.091]        
“Armadillo Protein Family”, “Arm Motif Proteins”
Transcription Factors [D12.776.930] 

Kruppel-Like Transcription Factors [D12.776.930.375] 
Ikaros Transcription Factor [D12.776.930.375.500] 
“IKAROS family zinc finger 1 protein, human”
Sp Transcription Factors [D12.776.930.375.750] +
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Comparing Design Principles & Critiques of GENIA
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A reasonable starting point for the ontological analysis of the biological upper-level 
is

given by the following principles [5]: (i) select a set of foundational relations, (ii) 
define

the ground axioms for these relations, (iii) establish constraints across the basic 
relations,

(iv) define a set of formal properties induced by these formal relations, (v) introduce 
the

basic categories and classify the relevant kinds of domain entities accordingly, and, 
finally,

(vi) elicit the dependencies and interrelations among the basic categories. In our
case, most of these basic categories are borrowed from the upper ontologies BFO 

[22]
and DOLCE [6] enriched by principles introduced by Rector et al. [16]. Accordingly,
we adopt the generally accepted, mutually exclusive divisions between universals 

and
particulars on the one hand, and between continuants and occurrents on the other. 

Particulars (individuals) are the concrete and countable entities in the world (e.g., 
“my hand”) whereas universals are entities which are instantiated by particulars 
(e.g., “hand”2).
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• Instance_of: <instance, class>
• Is-A: <class, class>
• Part_of: <instance, instance>
• Has_part: <instance, instance>
• Derives_from: <instance, instance>
• Has_function: <class, function>
• Inheres: <function, class>
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Setting a granularity threshhold for the new ontology
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Annotated examples of “NF-KappaB” from the GENIA 
corpus
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HIV1 infection of <term sem="Cell_natural" id="T1" 
lex="human_monocyte">human monocytes</term> and<term 
sem="Cell_natural" id="T2" lex="macrophage">macrophages</term> 
promotes induction or translocation of <term 
sem="Protein_family_or_group" id="T3" lex="NF-KB-related_factor">NF-
KB-related factors</term>.

GENIA_pos_term_40a/1984449.xml:9:<ArticleTitle>Induction of <term 
sem="Protein_molecule" id="T1" lex="NF-KB">NF-KB</term> during <term 
id="T2" lex="monocyte_differentiation“><term sem="Cell_natural" id="T3" 
lex="monocyte">monocyte</term> differentiation</term> by <term id="T4" 
lex="HIV_type_1_infection"><term sem="Virus" id="T5" 
lex="HIV_type_1">HIV type 1</term> infection</term>.

Dithiocarbamates</term> (<term sem="Organic_compound_other" id="T5" 
lex="DTC">DTCs</term>) have recently been reported as powerful 
inhibitors of <term id="T6" lex="NF-kappaB_activation“><term 
sem="Protein_complex" id="T7" lex="NF-kappaB">NF-kappaB</term> 
activation</term> in a number of cell types.
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Given the role of this transcription factor in the regulation of <term id="T8" 
lex="gene_expression">gene expression</term> in the <term id="T9" 
lex="inflammatory_response">inflammatory response</term>, <term 
sem="Organic_compound_other" id="T10" lex="NF-
kappaB_inhibitor"><term sem="Protein_complex" id="T11" lex="NF-
kappaB">NF-kappaB</term> inhibitors </term> have been suggested as 
potential <term sem="Organic_compound_other" id="T12" 
lex="therapeutic_drug">therapeutic drugs</term> for <term id="T13" 
lex="inflammatory_disease">inflammatory diseases</term>

… and involved not only the inhibition of <term id="T26" lex="NF-kappaB-
driven_reporter_activation“><term sem="Protein_complex" id="T27" 
lex="NF-kappaB">NF-kappaB</term>-driven reporter activation</term> but 
also that of 

In addition, the combined inhibitory effects on <term 
sem="Protein_family_or_group" id="T62" lex="NFAT">NFAT</term> and 
<term sem="Protein_complex" id="T63" lex="NF-KB">NF-KB</term> 
support a potential use of <term sem="Organic_compound_other" id="T64" 
l "DTC" DTC /t i t
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Disscussion issues with GENIA 0.9/1.0
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• The is-a relation is violated
• The subclasses are not exhaustive
• Relationships btw the subclasses are not defined at all 

(not clear to users or to designers)
• Relationships among “family-or-group” subclasses 

among DNA, RNA, and Protein are unclear (although 
something like this exists in GO, as per the 
compositionality paper)
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• Annotate mentions of proteins and protein-related 
concepts
• Example sentence tagged with Protein & with a few 

subclasses
• When subclasses can be distinguished, propose new 

ones as needed
• When subclasses lose coherence, merge their 

instances into parent or sibling classes
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Gene Ontology
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• Terms are specific enough to support domain modeling 
on a fine scale

• Terms may represent entities or events that are only 
implicitly present in any single span of text

• Total size >  10,000 terms arranged in a hierarchy of 
depth [0,7]
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• Conforms to OBO principles1, including the following 
examples:
• Open, license-free access
• Expressed in common shared syntax (OWL, XML, 

etc.)
• Clearly delineated content domain (non-overlapping 

with other OBO ontologies)
• Relations among ontology terms (Is_A, Part_of) are 

drawn from the OBO Relation ontology2

• Open annotation/development model contributes to 
interoperability

621 http://www.obofoundry.org/crit.shtml 
2 (Smith, et al. 2005)



MeSH Hierarchy
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Revising the GENIA Term Ontology
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• Unify the demands of biological / textual classification
• Leverage ontological design principles to make the resource more

usable
• Establish consistent relation definitions that conform to 

ontological practices 
• Entity definitions that draw on existing biological ontologies

• Process:
1. Start with a taxonomy of biological entities that establish the 

domain of the knowledge resource
2. Establish a cutoff level of granularity: biological entities that can 

be identified in referring expressions
3. Create a new ontology of referring expression types that links 

the biological classification with the textual classification
4. Add new types to the expression ontology as needed, to support 

textual under-specification
65


