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For each ontological concept1 that is identified in a given document, a concept annotation denoting the 
type of concept that is being mentioned must be created.  The text selected for each concept annotation 
must as semantically close as possible to the concept used for the annotation.  These guidelines serve as 
a reference for consistently creating these annotations. 

1. Delimiters for Selection of Text 
 
For each concept annotation, any selected text span must be bounded on both sides by an appropriate 
delimiter—a character that can serve as a boundary.  In this section, red pipe characters (|) indicate 
possible boundaries of annotations.  A whitespace character (which usually refers to a space character 
for this project) will most often serve as a delimiter: 
 
Example 1: localization| |of| |annexin| |A7| |in| |platelets| |and| |red| |blood| |cells [PMID:129252382] 
 
Beginnings and ends of documents can also serve as boundaries of annotations.  For example, 
assuming that Example 2 is the title of a biomedical article at the beginning of the document, this 
document boundary can serve as a left boundary of an annotation: 
 
Example 2: |Brn3c null mutant mice show long-term, incomplete retention of some afferent inner ear 
innervation [PMID:12585968] 
 
Finally, any punctuation mark (e.g., - , ! . ; ? : # @ % ^ & * ( ) _ + = { } [ ] | " ' < > / \) can serve as a 
delimiter indicating the boundary of an annotation: 
 
Example 3: Function|,| expression and localization of annexin A7 in platelets and red blood cells|:| 
Insights derived from an annexin A7 mutant mouse [PMID:12925238] 
 
Example 4: Interestingly|,| the Ca2|+|-|mediated vesiculation process was not impaired|.| 

                                                 
1 Throughout this document, “concept”, “class”, and “term” are used interchangeably. 
2 For each example, the PubMed ID of the biomedical document from which the text was extracted is given. 



[PMID:12925238] 
 
Example 5: To examine this|,| we analysed the ability of red blood cells derived from the annexin A7 
mice |(|anxA7|-|/|-|)| to form exovesicles|.| [PMID:12925238] 
 
A final example with all delimiters shown (assuming that this sentence is either preceded by a 
whitespace character or by a punctuation mark or is at the beginning of the document, thus allowing the 
first possible annotation boundary): 
 
Example 6: |Two| |potential| |downstream| |targets| |of| |PDGFRβ| |activation| |are| |activation| |of| 
|extracellular| |signal|-|related| |kinases| |1| |and| |2| |(|ERK1|/|2|)| |and| |AKT|.| [PMID:14624252] 
 
 
Examples 3-5 show that an annotation span can begin or end on either side of any punctuation mark.  In 
Examples 4 and 5, note that in the case of a sequence of punctuation marks ("+-" in Example 4 and "-/-
)" in Example 5), the boundary can be either side of any of the characters of the sequence. 
 
Example 6 shows a sentence with all possible delimiters with two details of note.  First, a non-Latin 
letter (here, β) cannot serve as a delimiter—just like a Latin letter; thus, an annotation for "PDGFR" by 
itself could not be created, as there is no appropriate delimiter between the "R" and the "β".  (If non-
Latin letters are instead notated in their Latin equivalent, e.g., "beta" for "β", normal delimitation rules 
apply.)  In biomedical texts, Greek letters will be the most frequently encountered non-Latin letters, as 
in this example. 
 
This example also shows that our choice of delimiters will sometimes prevent the annotator from 
creating an annotation that he or she may wish to create.  An annotation of the protein Erk1 consisting 
of the text span "ERK1" can be straightforwardly created, but an annotation of the protein Erk2 
consisting of the text spans "ERK" and "2" (a discontinuous annotation, as explained in Section 
2.1.2.2)  cannot be created since there is no space or another appropriate delimiter between the "K" and 
"1" of "ERK1".  In practice, the prevention of the creation of an annotation due to a lack of an 
appropriate delimiter is a relatively rare occurrence. 
 
It is important to note that letters (including non-Latin letters) and numbers can never serve as 
delimiters.  Practically, this means that an annotation text span can never begin or end in between two 
letters, between two numbers, or between a number and a letter. 
 

2. Concept Annotation 
 
The starting point for creating a concept annotation is the identification of a set of words in the 
document that refers to a concept in the ontology included in the given project.  Ideally, this set of 
words should be the name of the concept, one of its synonyms, or an alternate phrasing that is 
semantically equivalent to the concept.  Throughout this document, it is assumed that, for each of the 
examples of annotations presented, the selected text of the concept annotation corresponds to a concept 
in the ontology of a project.  For any given word (or, more generally, set of characters) in the document 
that is being annotated, the project ontology may or may not have a concept that directly corresponds to 
the character set; be sure to only annotate text that corresponds to a concept in the ontology of the 
project. 



 
To determine the span (i.e., the set of characters to select) of the concept annotation, start by 
identifying the anchor text—the central set of characters that corresponds to the central word of the 
concept being considered.  The large majority of ontological classes are phrased as single nouns or 
noun phrases, so the central word of an ontological class is most often the head noun of the class name.  
The anchor text should be either the same as or synonymous with the central word of the ontological 
class or a lexical variant of one of these.  Furthermore, the two should be the same sense of the concept, 
i.e., should have the same meaning.  For example, if a text mentions “nucleus” in the sense of an 
atomic nucleus, but the ontology contains a concept nucleus3 in the sense of a cellular nucleus, this 
mention of nucleus should not be annotated. This anchor text is bounded on either side by any of the 
aforementioned delimiters and contains no such delimiters itself.  This will usually simply be a word or 
perhaps an uninterrupted sequence of numbers and letters.  For example, any of the words in Example 
1 could serve as the anchor text.  Practically, the anchor text is usually a noun, a verb, an adjective, or 
(rarely) an adverb.  In some cases, the anchor text may be less obvious, e.g., “anxA7” in Example 5. 
 

2.1 Concept Annotation of Nouns and Noun Phrases 
 
The anchor text of a concept annotation will most often—but not always—be a noun or noun phrase.  
Furthermore, it will often—but not always—be the head noun of a noun phrase. 
 

2.1.1 Concept Annotation of Unmodified Nouns 
 
It is relatively easy if the text to be annotated is an unmodified noun—just select the noun.  Applying 
Figure 1 to Example 8, Figure 2 to Example 11, Figure 3 to Example 12, Figure 4 to Example 13, and 
Figure 5 to Example 14 and assuming there are concepts corresponding to Brn3c, volume, neuron, 
pseudogene, BRCA2, and kidney for Examples 7, 9, 10, 15, 16, and 17, respectively, in the 
corresponding project ontology: 
 
Example 7: Brn3c is a POU domain factor that is crucial for inner ear hair cell development. 
[PMID:12585968] 

                                                 
3 Names of ontological concepts are rendered in fixed-width type throughout this document. 



 

Figure 1. Portion of the cell hierarchy of the Cell Type Ontology. 

Example 8: Cells were flow sorted prior to aggregation so as to enrich for RFP expression. 
[PMID:12079497] 

Example 9: What was surprising was that in our set of five highly divergent strains the differences in 
volume were not matched by significant differences in neuron number. [PMID:11319941] 

Example 10: What was surprising was that in our set of five highly divergent strains the differences in 
volume were not matched by significant differences in neuron number. [PMID:11319941] 

 

Figure 2. Portion of the biological_process hierarchy of the Gene Ontology. 

Example 11: In vitro studies using the Madin-Darby canine kidney (MDCK) cell line demonstrated an 
endoplasmic reticulum pattern for the mutant protein, and apparent resistance to translocation. 
[PMID:16121255] 



 

Figure 3. Portion of the nucleotides hierarchy of the ChEBI ontology. 

Example 12:  Moynahan et al provide genetic data indicating a requirement for BRCA2 in homology-
dependent (recombinational) repair of DNA double-strand breaks. [PMID:11597317] 

 

Figure 4. Portion of the nucleobase, nucleoside, nucleotide and nucleic acid 
metabolic process hierarchy of the Gene Ontology. 

 
Example 13: The similarity between phenotypes associated with BRCA1 and BRCA2 deficiency, 
together with data showing a similar effect of DNA damage on distribution of BRCA1 and BRCA2 in 
repair-proficient cells, led to the hypothesis that BRCA2, like BRCA1, is required for efficient 
recombinational repair. [PMID:11597317] 
 



 
Figure 5. Portion of the vesicle hierarchy of the Gene Ontology. 

 
Example 14: Similarly, the high abundance of annexin A7 in micro- and nanovesicles might be 
fortuitous as a significant percentage of the red blood cell membrane, with which annexin A7 
associates when the Ca2+ levels rise, appears to be involved in the formation of exovesicles. 
[PMID:12925238] 
 
Example 15: Cell lines defective in either BRCA1 or BRCA2 are sensitive to damaging agents that 
form double-strand breaks (DSBs), as are other cell lines defective in recombinational repair. 
[PMID:11597317] 
 
Example 16: Chromosomal localization and structures of mouse ESG1 gene and psedogenes [sic] 
[PMID:16504174] 

 
Example 17: Northern blot analysis revealed Acadm was normally expressed in all tissues analyzed 
from MCAD+/+ mice with the most robust expression in brown fat, kidney, heart, skeletal muscle, and 
liver with minimal expression in the brain, white fat, and testes. [PMID:16121256] 
 
Examples 8 and 16 show that a concept lexicalized as a singular noun may be used to annotate a plural 
noun, and vice versa in Example 13; in Example 8, “Cells” is annotated with the term cell of Figure 
1.  (Most ontological concepts are lexicalized as singular nouns or noun phrases.) 
 
Examples 9-13 and 16 show that a noun may be annotated with a corresponding concept even though it 
is not the head noun of the noun phrase in which it appears.  (The full noun phrase in Example 9 is “the 
differences in volume”  and the head noun of this noun phrase is “differences”.) 
 
Examples 10, 12, and 13 show that a noun that serves as a modifier of another noun or noun phrase can 
be selected; in Example 10, “neuron” modifies “number”, but this is irrelevant; starting from the anchor 
text “neuron”, there are no modifiers to “neuron”.   



 
Example 11 shows that a word that is semantically equivalent to (the correct sense of) a concept name 
may be selected; here, “translocation” is annotated with the term transport of Figure 2, as they are 
judged to be synonymous and the text is consistent with the definition of transport within the 
ontology.  Expanding on this, an abbreviation in the text—even a nonstandard one—can be annotated 
with the full name of the concept in the ontology, and vice versa.  In Example 12, the term 
deoxyribonucleic acids of Figure 3 is used to annotate “DNA” in the text, as they are 
semantically equivalent in this context. 
 
An ontological term representing a process, e.g., transport in Figure 10, should not be used to 
annotate a lexical form of the term that denotes either an active or passive participating entity in the 
process or any semantically equivalent text.  For example, a mention of a transporter or something 
semantically equivalent (an active participant in the process of transport) should not be annotated with 
a term representing the process of transport, and a mention of an amputee or something semantically 
equivalent (a passive participant in the process of amputation) should not be annotated with a term 
representing the process of amputation. 
 
Example 13 shows that, when considered in isolation, the selected text can be more general than the 
name of the class used if the class is the most general one whose central word is semantically 
equivalent to the anchor text.    Here, “repair”, by itself, is more general than “DNA repair”, which is 
the name of the class used to annotate this text.  However, this is the correct sense of repair in this text, 
and the central word of DNA repair (“repair”) is (trivially) semantically equivalent to the anchor 
text (“repair”).  Additionally, note in the hierarchy of Figure 4 that DNA repair is the most general 
term whose central word is semantically equivalent to the anchor text and is therefore the semantically 
closest term to this mention of “repair”.  Note also in Example 13 that a punctuation mark (here, a 
comma) is used as a delimiter for the terminal boundary of the annotation, as presented in Section 1, 
and that this hyphen is not included in the annotation. 
 
In Example 14, note that although there are vesicle concepts in the corresponding ontology of Figure 5, 
none of these can be used to annotate the mention of exovesicles:  The anchor text of this is simply 
“exovesicles” and there is no term as specific as this in the ontology (which is not fully expanded due 
to the size of this part of the ontology).  There is the term vesicle, but “exovesicles” is too specific 
for this, and the “vesicles” part of “exovesicles” cannot be independently annotated, as there is no 
appropriate delimiter between “exo” and “vesicles”, as shown in Example 6 of Section 1.  (If this word 
were written, e.g., as “exo-vesicles”, then “vesicles” could be annotated with vesicle, as there would 
be an appropriate delimiter between “exo” and “vesicles”.)  To summarize, as seen in Example 13, the 
selected text, when considered in isolation, can be more general than the name of the concept with 
which it is annotated, but in context, it must be of the same sense as the concept and should be as 
semantically close as possible; in these cases, the appropriate concept will often be chosen by 
navigating up and down the hierarchy and comparing the anchor text and the central words of the 
concepts.  On the other hand, as seen in Example 14, text being considered for annotation should never 
be more semantically specific than the term that is being considered for the annotation of the text. 
 
Examples 15-17 show that unmodified nouns in coordinations can be considered independently of 
other conjuncts; this applies to coordinations of multiple conjuncts as well, as in Example 17. 
 
Finally, Example 16 shows that an annotation should be made for a word or phrase that matches an 
ontological concept even if there are any misspellings/mistypings; here, the authors have erroneously 



typed “psedogenes” for “pseudogenes”. 
 

2.1.2 Concept Annotation of Nouns and Noun Phrases with Pre-Modifiers 
 
If a noun or noun phrase has one or more pre-modifiers, the annotator must determine which, if any, of 
these pre-modifiers should be included in the span of the concept annotation.  Only include a pre-
modifier if its inclusion results in an annotation that corresponds as closely as possible to a concept in 
the project ontology. 
 

2.1.2.1 Concept Annotation of Nouns and Noun Phrases with Determiners and/or 
Quantifiers 
 
If the noun or noun phrase has a determiner or quantifier, do not include it in the concept annotation.  
Applying Figure 6 to Example 21 and assuming there are concepts corresponding to mouse, CD31, 
fiber,  water, month, intron, ketamine, retina, lung, and rat for Examples 18, 19, 20, 22, 23, 24, 25, 26, 
27, and 28, respectively, in the project ontology:  
 
Example 18: Initial experiments suggested that an almost identical dose (100 mg/kg ketamine and 9 
mg/kg xylazine) of anesthesia had no effect on IOP during the experimental period with IOP being 
measured as soon as possible after the mouse was unconscious, typically minutes. [PMID:11532192] 
 
Example 19: Whole mount immunohistochemical analysis of embryos using a CD31 antibody as 
described. [PMID:14675480] 
 
Example 20: In summary, these tracing data suggest that mature hair cells are not necessary to direct 
fiber outgrowth and to maintain some fibers at least up to 6 months in the apex of the cochlea. 
[PMID:12585968] 
 

 
Figure 6. Portion of the sequence_feature hierarchy of the Sequence Ontology. 

 



Example 21: This locus accounts for as much as a third of the total phenotypic variance in striatal 
volume an as much as 50% of the genotypic variance (h2 = 0.39). [PMID:11319941] 
 
Example 22: For most experiments, the mice were fed NIH31 (6 % fat) chow ad libitum, and their 
water was acidified to pH 2.8 to 3.2. [PMID:11532192] 
 
Example 23: Despite a 1 mmHg dip in IOP at 8 months, there were no significant IOP differences 
between C3H/HeJ mice at each age tested (P = 0.2 for age). [PMID:11532192] 
 
Example 24: All intron insertion sites are conserved. [PMID:11604102] 
 
Example 25: All IOPs were assessed using an anesthetic regime of 99 mg/kg ketamine and 9 mg/kg 
xylazine (defined as 1X). [PMID:11532192] 
 
Example 26: The fixed eye was then placed on dental wax and section in the midline with a fresh razor 
blade (half of the retinas were sectioned along the D-V axis and half along the nasal-temporal axis). 
[PMID:16110338] 
 
Example 27: It is known that a Fog2-Gata4 interaction is critical for normal cardiac and gonadal 
development, but interacting factors in the lung and diaphragm have not yet been determined. 
[PMID:16103912] 
 
Example 28: Essentially the same dose of ketamine and route of administration was used in both the 
rat and mouse IOP studies. [PMID:11532192] 
 
Examples 18, 19, 27, and 28 show that both definite (i.e., the) and indefinite (i.e., a, an) determiners 
should be excluded.  In Example 19, the "a" precedes the annotated "CD31", but it actually modifies 
the rest of the noun phrase "CD31 antibody".  Although this determiner does not actually modify the 
annotated noun, this is a good place to show such an example.  
 
Example 21 shows that demonstrative determiners (i.e., this, that, these, those) should be excluded, and 
Example 22 shows that possessive determiners (i.e., my, your, his, her, its, our, their, whose) should be 
excluded. 
 
Examples 23-26 and 28 show that quantifiers should be excluded; this applies to both simple (e.g., "8" 
in Example 23, "All" in Example 24, and "both" in Example 28) and complex (e.g., "99 mg/kg" in 
Example 25 and "half of the" in Example 26) quantifiers. 
 
In Examples 16, 20, and 28, the annotated noun modifies another noun or noun phrase ("CD31" 
modifies "antibody", "intron" modifies "insertion sites", and "rat" modifies "IOP studies"), and the 
determiner and quantifier actually modify the rest of the noun phrases they modify:  "a" modifies 
"CD31 antibody", "All" modifies "intron insertion sites", and "the" modifies "rat and mouse IOP 
studies".  Even though these pre-modifiers precede but do not directly modify the annotated nouns, this 
is a good place to show such examples. 
 
Examples 27 and 28 build upon Examples 15-17 and show that these determiner and quantifier 
exclusions apply to annotations of nouns in coordinated noun phrases as well. 
 



2.1.2.2 Concept Annotation of Nouns and Noun Phrases with Adjectives and 
Adjectival Phrases 
 
If a noun or noun phrase has one or more adjectives, include an adjective only if it is needed to 
annotate the text span with a concept in the ontology, i.e., if its inclusion results in an annotation that 
corresponds as closely as possible to a concept in the project ontology.  Applying Figure 7 to Example 
29, Figure 4 to Example 30, Figure 8 to Example 32, Figure 9 to Example 34, Figure 10 to Example 35, 
and Figure 11 to Example 36 and assuming there are concepts corresponding to breast cancer, nuclear 
localization signal, supporting cell, whisker pad, hearing disorder, and cell differentiation in the 
corresponding project ontology for Examples 29, 33, 37, 38, 39, and 40, respectively:  
 

 
Figure 7. Portion of the cell hierarchy of the Cell Type Ontology. 

 
Example 29: All 5' primers contain a Kozak consensus translation initiation site upstream of the ATG 
for increased translation efficiency in eukaryotic cells. [PMID:12079497] 
 
Example 30: Two recent papers provide new evidence relevant to the role of the breast cancer 
susceptibility gene BRCA2 in DNA repair. [PMID:11597317] 
 
Example 31: Two recent papers provide new evidence relevant to the role of the breast cancer 
susceptibility gene BRCA2 in DNA repair. [PMID:11597317] 
 



 
Figure 8. Portion of the DNA recombination hierarchy of the Gene Ontology. 

 
Example 32: The configuration of the GFP construct is such that homology-mediated repair often 
results in the formation of a functional copy of GFP. [PMID:11597317] 
 
Example 33: It had been shown previously that the small amount of truncated BRCA2 protein 
expressed by CAPAN-1 cells was mislocalized to the cytoplasm, consistent with the fact that the 
truncation protein lacks a nuclear localization signal. [PMID:11597317] 
 

 
Example 9. Portion of the cytoplasmic membrane-bound vesicle hierarchy of the Gene 

Ontology. 
 
Example 34: At the cellular level annexin A7 can be detected in the cytosol, at the plasma membrane, 
around the nucleus, at vesicular structures including adrenal chromaffin granules, and at the t-tubule 
system. [PMID:12925238] 
 



 
Figure 10. Portion of the macrophage hierarchy of the Cell Type Ontology. 

 
Example 35: Development of trophoblast giant cells did not apear to be affected by ERK5 knockout, 
and staining with the spongiotrophoblast layer marker 4311 suggested that this layer developed 
normally. [PMID:14675480] 

 
 

Figure 11. Portion of the anatomical structure development hierarchy of the Gene 
Ontology. 

 
Example 36: However, inactivation of Bmp2 during early limb bud development clearly does not 
cause any digit patterning defects. [PMID:17194222] 
 
Example 37: Neither hair cells nor supporting cells were present. [PMID:16410827] 
 
Example 38: The proportion of the ventral cream-colored region is also expanded a small amount, 
47.9% in mutant compared to 37.8% in nonmutant animals, but expansion of the lateral region, which 
occurs at all levels of the body, including the limbs and the cranium (but not the whisker pad), is the 
major feature responsible for the ventralized appearance caused by deH. [PMID:14737183] 
 
Example 39: Unfortunately, unlike in birds or fish, mammalian hair cells show little ability to 
regenerate, resulting in a permanent hearing or balance disorder. [PMID:16410827] 
 
Example 40: Although Pax3 and MyoD expression is detected in the PPF, a detailed analysis of 
transcription factors responsible for muscle precursor cell migration and differentiation will need to be 
completed both in the PPF and along the pathway of muscle precursor cell migration between the PPF 
and the membranous diaphragm. [PMID:16103912] 
 
 
In Example 29, starting from the anchor text "cells", "eukaryotic" can be included, as it allows for a 
direct annotation of the class eukaryotic cell of Figure 7. 
 
Example 30 shows that the premodifying adjective can be another noun; here, "DNA" is included with 



the anchor text "repair", which together are annotated with DNA repair from Figure 4. 
 
Building on Example 10, Example 31 shows that, starting with a modifying noun as the anchor text 
(here, "cancer"), an adjective modifying this modifying noun (here, "breast") can be included in the 
annotation. 
 
Example 32 shows that a premodifying adjectival phrase can be included; here, starting with the anchor 
text "repair",  "homology-mediated" is included to form an annotation of the term double-strand 
break repair via homologous recombination from Figure 8.  (Note that ontological 
classes can and do get very specific.) 
 
Example 33 shows that multiple adjectives and/or adjectival phrases can be included in the annotation; 
however, do not include an adjective or adjectival phrase if its inclusion does not aid in a closer match 
to an ontological concept; for example, in Example 34, "adrenal"is excluded from the annotation even 
though it modifies "chromaffin granules" because there is no term representing adrenal chromaffin 
granules in the corresponding ontology of Figure 9. 
 
Example 35 shows that an adjective or adjectival phrase that is not adjacent to the (head) noun it 
modifies can be included (resulting in a discontinuous annotation) provided that the discontinuous 
adjective or adjectival phrase can be interpreted as directly modifying the noun and that this collective 
text matches an ontological concept; here, "trophoblast" modifies "cells" (or, alternately, "trophoblast" 
could be said to modify the noun phrase "giant cells", but this is a moot distinction).  There is no term 
corresponding to "trophoblast giant cells", but there is the term trophoblast cell, as seen in 
Figure 10.   Since the annotation consisting of the two text spans "trophoblast" and "cells" matches the 
term trophoblast cell, the intervening "giant" is excluded from the annotation.  (We will notate 
a discontinuous annotation using points of ellipsis wherever there is a discontinuity; for example, this 
annotation would be notated as "trophoblast...cell".  Using this notation allows us to emphasize that this 
is still a single annotation as opposed to two distinct ones.) 
 
However, note in Example 36 that, although the ontology contains the term limb development, as 
seen in Figure 11, this term cannot be used to create an annotation for "limb...development" because 
"limb" modifies "bud" rather than "development" (or "bud development").  Since there is no term for 
limb bud development (or even for bud development), a more general annotation simply for 
"development" should be created. 
 
Building on Examples 27 and 28, Example 37-40 show that adjectives and adjectival phrases can be 
included with independently evaluated conjuncts of coordinated phrases, provided that this leads to an 
annotation that most closely matches an ontological concept.  The adjective or adjectival phrase may 
immediately precede the conjunct, as in Examples 37 and 38, or a discontinuous annotation may be 
created if either a noun or adjective/adjectival phrase is shared between more than one coordinated 
concept.  In Example 39, the noun "disorders" is shared between the two adjectives "hearing" and 
"balance", referring to two distinct concepts (hearing disorders and balance disorders), and so the 
discontinuous "hearing...disorder" can be created.  In Example 40, the noun "cell", acting as an 
adjective, modifies both of the nouns "migration" and "differentiation", also referring to two distinct 
concepts (cell migration and cell differentiation), and so the discontinuous "cell...differentiation" can be 
created. 
 
Finally, these examples (except Example 36) show that a continuous annotation, i.e., an annotation 



consisting of a single span of text, involving adjectives and/or adjectival phrases can include 
whitespace characters (e.g., the space between "eukaryotic" and "cells" in Example 29) and punctuation 
marks (e.g., the hyphen between "homology" and "mediated" in Example 32) if the annotator decides 
that there is no intervening text that should be excluded from the annotation.  Conversely, note that for 
discontinuous annotations, such as those in Examples 35, 39, and 40, whitespace characters around the 
constituent spans of text are not included.  For example, in Example 35, neither the space between 
"trophoblast" and "giant" nor the space between "giant" and "cells" is included in "trophoblast...cells"; 
rather, this discontinuous annotation is composed simply of "trophoblast" and "cells". 
 
 

2.1.3 Concept Annotation of Nouns and Noun Phrases with Post-Modifiers 
 
As with pre-modifiers, if a noun or noun phrase has one or more post-modifiers, the annotator must 
determine which, if any, of these post-modifiers should be included in the span of the concept 
annotation.  Only include a post-modifier if its inclusion results in an annotation that semantically 
matches a concept in the project ontology. 
 

2.1.3.1 Concept Annotation of Nouns and Noun Phrases with Prepositional 
Phrases 
 
Include any prepositional phrase, in whole or in part, whose inclusion would tie the annotation as 
closely as possible with a concept in the ontology.  At a minimum, the preposition and the head noun of 
the object of the prepositional phrase must be included; other elements may be included or excluded.  
In deciding which modifiers of the head noun of the object of the prepositional phrase to include, 
recursively rely on the annotation guidelines for nouns and noun phrases.  Applying Figure 12 to 
Example 42, Figure 13 to Example 43, Figure 14 to Example 44, Figure 15 to Example 45, Figure 16 to 
Example 46, Figure 17 to Example 47, Figure 18 to Example 48, Figure 19 to Example 49, Figure 20 to 
Example 50, and Figure 21 to Example 51 and assuming a concept corresponding to regulation of 
expression for Example 41: 
 
Example 41: As a consequence, genes have spatially and temporally acting multiple functions, which 
are difficult to dissect without proper genetic tools providing similar complexity of control of 
expression—disruption or overexpression of a gene of interest. [PMID:15784609] 
 

 
Figure 12. Portion of the neurotransmitter secretion portion of the Gene Ontology. 

 
Example 42: This activity led to the proposal of annexin A7's involvement in the exocytotic secretion 
of catecholamines. [PMID:12925238] 



 

 
 

Figure 13. Portion of the nucleic acid. 
 
Example 43: For example, DAZAP1 could be involved in the transport of the mRNAs of the target 
genes of DAZL. [PMID:11604102] 

 
 

Figure 14. Portion of the localization hierarchy of the Gene Ontology. 
 
Example 44: To understand the biological function of DAZAP1 and the significance of its interaction 
with DAZ and DAZL, we isolated and characterized the mouse Dazap1 gene, and studied its 
expression and the subcellular localization of its protein product. [PMID:11604102] 
 

 
 

Figure 15. Portion of the Cell Type Ontology. 
 
Example 45: Immunostaining for type I cell markers T1α and AQP5 demonstrated an intense staining 
in flat epithelial cells in wild-type lungs at E20.5. [PMID:15005800] 
 



 

Figure 16. Portion of the nuclear transport hierarchy of the Gene Ontology. 
 
Example 46: We have demonstrated a translocation of Annexin A7 to nuclei of cells in early murine 
brain development and the presence of Annexin A7 in nuclei of neuronal cells in the adult animal. 
[PMID:15819996] 
 

 
Figure 17. Portion of the cell fate specification hierarchy of the Gene Ontology. 

 
Example 47: During Drosophila neuroblast generation, the transcription factor Hunchback controls 
specification and differentiation of early-born neuroblasts. [PMID:15836427] 

 
 

Figure 18. Portion of the tissue development hierarchy of the Gene Ontology. 
 
Example 48: Huntingtin is required for formation of anterior primitive streak and paraxial mesoderm. 
[PMID:16109169] 
 



 
Figure 19. Portion of the organ development hierarchy of the Gene Ontology. 

 
Example 49: Ptdsr is a nuclear protein of unknown function, which is essential for the development 
and differentiation of multiple organs during embryogenesis. [PMID:15615595] 
 

 
Figure 20. Portion of the response to stimulus hierarchy of the Gene Ontology. 

 
Example 50: The amount and rate at which bone is gained during development and lost during aging 
are determined in large part by genetics but also by physical activity and by alterations in the 
availability and response of bone cells to circulating hormones and locally derived growth factors. 
[PMID:16362077] 

 
 

Figure 21. Portion of the developmental process hierarchy of the Gene Ontology. 
 
Example 51: Future studies with defined objectives to address the development and progression of 
morphological changes seen in this study are being designed. [PMID:12546709] 
 
 
Example 41 shows the most basic case, in which the anchor noun is only modified by a prepositional 
phrase, the entire prepositional phrase consists of a preposition directly followed by an unmodified 
noun, and this entire prepositional phrase is included in the annotation.  Example 42 builds on this in 
that the entire prepositional phrase (also consisting only of a preposition followed by an unmodified 
noun) is included in the annotation, but the anchor noun ("secretion") is also modified by an adjective 



("exocytotic"); however, this adjective is not included in the annotation since "secretion of 
catecholamines" matches the concept catecholamine secretion and there is no more specific 
term representing exocytotic secretion of catecholamines.  Example 51 further builds on this in that an 
entire and more complex prepositional phrase is included in the annotation. 
 
Examples 43-50 each show a case in which a part of a prepositional phrase is included in the 
annotation—minimally, the preposition and head noun of the object of the prepositional phrase, as in 
Example 43.  In these examples, note that the decision as to which text to include can be recursively 
made using the noun and noun-phrase annotation guidelines. 
 
Examples 43, 44, and 49 show that determiners and quantifiers of objects of prepositional phrases 
should not be included, as described in the more general case in Section 2.1.2.1. 
 
Examples 44, 45, 47, 48, 50, and 51 show that an adjective or adjectival phrase modifying the object of 
the prepositional phrase should be included only if its inclusion results in an annotation that most 
closely matches an ontological concept.  For example, in Example 44, the modifying adjective 
"protein" is included to form "localization of...protein product", which matches the term protein 
localization, seen in Figure 14.  On the other hand, in Example 45, the modifying adjectival 
phrase "wild-type" is excluded since "epithelial cells...in lungs" matches the term epithelial 
cell of lung, seen in Figure 15, and there is no more specific term representing epithelial cells of 
wild-type lungs. 
 
Example 45 shows that both pre-modifiers and post-modifiers of a noun ("epithelial" and "in...lungs", 
respectively, which both modify "cells") may be included in an annotation. 
 
Example 46 shows that the preposition does not have to be adjacent to the noun that the prepositional 
phrase modifies.  Here, the prepositional phrase "to nuclei of cells" modifies, but is not adjacent to, 
"translocation"; the discontinuous "translocation...to nuclei" is selected since it matches the concept 
nuclear import, seen in Figure 16.  Examples 47 and 49 build on this in that the separation of the 
preposition and the noun that the prepositional phrase modifies is due to coordination. 
 
Examples 47-51 are examples involving coordination.  As before, coordinated conjuncts within either 
the noun phrase that the prepositional phrase is modifying (as in Examples 47 and 49-51) or within the 
object noun phrase of the prepositional phrase itself (as in Example 48) can be considered 
independently.  In Example 47, only "specification" is selected from the coordinated phrase 
"specification and differentiation" to form the discontinuous "specification...of...neuroblasts", which 
matches the term neuroblast fate specification, seen in Figure 17.  In Example 48, only 
"paraxial mesoderm" is selected from the coordinated phrase "anterior primitive streak and paraxial 
mesoderm" to form the discontinuous "formation of...paraxial mesoderm", which matches the term 
paraxial mesoderm development, seen in Figure 48. 
 
Examples 49 and 50 show that prepositional phrases can be recursively considered.  That is, once the 
annotator has decided to include, in whole or in part, a prepositional phrase, the annotator may then 
consider also including a prepositional phrase modifying the object noun of the former prepositional 
phrase.  For example, in Example 49, once the annotator has decided to include "of...organs", then 
"during embryogenesis" may also be included since this prepositional phrase modifies "organs", 
resulting in "development...of...organs during embryogenesis", which matches the term embryonic 
organ development, seen in Figure 19.  Example 50 builds on this in that only a part of the 



innermost prepositional phrase is included, in this case the preposition "to" and the object noun 
"hormones" but not the premodifying "circulating" to form the discontinuous "response of...cells 
to...hormones", which matches the term cellular response to hormone stimulus, seen 
in Figure 20. 
 
Example 51 shows that an entire coordinated phrase (or at least more than one conjunct of a 
coordinated phrase) may be included in a single annotation if it matches an ontological concept.  Here, 
"development and progression of morphological changes" has been judged to sufficiently match the 
term anatomical structure morphogenesis.  The markup of a coordinated phrase in a 
single annotation will be relatively rare, however, as it is uncommon for coordinated phrases to 
semantically match an ontological concept, at least in our experience. 
 
Finally, analogous to that presented in Section 2.1.2.2, a continuous annotation involving a 
prepositional phrase may include whitespace characters (e.g., the hyphens between "control" and "of" 
and between "of" and "expression" in Example 41) and punctuation marks if the annotator decides that 
no intervening text should be excluded from the annotation.  Conversely, whitespace characters around 
the constituent spans of text of a discontinuous annotation should not be included.  For example, in 
Example 43, neither the space between "of" and "the" nor the space between "the" and "mRNAs" 
should be included. 
 

2.1.3.2 Concept Annotation of Nouns and Noun Phrases with Relative Clauses 
 
Do not include any restrictive or nonrestrictive relative clause, even if its inclusion would result in an 
annotation that directly corresponds to an ontological concept. 
 
Example 52: We analyzed variation in striatal volume and neuron number in mice and initiated a 
complex trait analysis to discover polymorphic genes that modulate the structure of the basal ganglia. 
[PMID:11319941] 
 
Example 53: Prior to the 1990's, alpha-crystallin was thought to be a structural protein whose major 
cellular function was to produce a dense solution necessary for the refraction of light in the lens. 
[PMID: 12546709] 
 
Example 54: Mucolipidosis type IV (MLIV) is an autosomal recessive lysosomal storage disorder 
characterized by severe neurologic and ophthalmologic abnormalities. [PMID:11897010] 
 
Example 55: The putative di-leucine (L-L-X-X) motif at the C-terminus, which may act as a late 
endosomal/lysosomal targeting signal, is also conserved. [PMID:11897010] 
 
In each of these examples, there is an italicized relative clause that modifies the the noun phrase 
preceding it; e.g., in Example 52, "that is not seen in humans" modifies the preceding "a novel splice 
variant". 
 
Examples 52-54 contain restrictive relative clauses and that in Example 54 is furthermore a reduced 
restrictive relative clause.  Even if inclusion of any restrictive relative clause would result in an 
annotation that most closely matches an ontological concept, e.g., that of a gene that modulates the 
structure of the basal ganglia, do not include it.  (It is unlikely anyway that inclusion of a restrictive 



relative clause would allow the annotator to choose a more specific ontological class, as restrictive 
relative clauses that appear in the biomedical literature are typically quite complex; thus, the inclusion 
of such a relative clause would likely result in a selected text span that is more specific than the 
ontological class with which it is annotated, which is forbidden, as presented in Section 2.1.1.)  Of 
course, "polymorphic genes" could be annotated if there were a corresponding ontological concept. 
 
Example 55 contains the nonrestrictive relative clause "which may act as a late endosomal/lysosomal 
targeting signal", which modifies the preceding "The putative di-leucine (L-L-X-X) motif at the C-
terminus".  Nonrestrictive relative clauses do not serve to define or identify the noun phrases they 
modify like restrictive relative clauses, so they could not even theoretically be used toward an 
annotation with a more specific ontological class.  In any case, nonrestrictive relative clauses, like 
restrictive relative clauses, should not be included in annotations. 
 

2.1.3.3 Concept Annotation of Nouns and Noun Phrases with Delimited 
Postmodifying Specifiers 
 
It is not uncommon for some types of biomedical concepts (especially genes and gene products as well 
as other types of chemicals) to have (typically) short postmodifiers that usually denote variants of 
entities; we call such a modifier a postmodifying specifier, and if it is separated from the noun it 
modifies by an appropriate delimiter (of Section 1), it is a delimited postmodifying specifier.  A 
delimited postmodifying specifier may be included if its inclusion results in an annotation that most 
closely matches an ontological concept.  (Such a specifier may alternately precede the entity with an 
appropriate delimiter, e.g., the "alpha" of "alpha-crystallin", as in Example 53, in which case it is a 
premodifying specifier, which is treated as an adjective, as presented in Section 2.1.2.2.  The specifier 
may also be attached directly to the entity it modifies without an intervening delimiter, either as a 
postmodifier, as "PDGFRβ" in Example 6, or as a premodifier, as in αSMA, specifying smooth muscle 
actin α; these cases must be treated as in Example 6.)  Applying Figure 26 to Example 63, Figure 27 to 
Example 65, and Figure 28 to Example 66 and assuming concepts corresponding to MTF-1, cathepsin 
D, myosin VIIa, PDGF receptor β, tumor necrosis factor α, Mcoln isoform 1, Ca(2+), and interferon β 
for Examples 56, 57, 58, 59, 60, 61, 62, and 64: 
 
Example 56: Our expression and DNA-binding studies strongly suggest that MTF-1 is important for 
the basal expression of mouse Sepw1 by binding to the corresponding overlapping-inverted MRE 
sequence. [PMID:16221973] 
 
Example 57: Recessive phenotypes are also observed at sub-confluent growth; cathepsin D transport 
and processing are altered, although enzyme activity is not significantly affected, lysosomal size and 
distribution are altered, and endocytosis is reduced. [PMID:15588329] 
 
Example 58: 1% of myosin VIIa-positive immature hair cells are present in the mutant cochlea, 
concentrated in the base. [PMID:12585968] 
 
Example 59: Additive Effects of PDGF Receptor β Signaling Pathways in Vascular Smooth Muscle 
Cell Development [PMID:14624252] 
 
Example 60: For example, ADAM17 (TACE) has been shown to cleave several substrates, including 
tumour necrosis factor alpha. [PMID:15876356] 



 
Example 61: Comparison of Mcoln1 isoform 1 to its human homologue shows striking similarity at 
both the amino acid and nucleotide level. [PMID:11897010] 
 
Example 62: Recently the 47 kDa isoform, which has been identified in erythrocytes where it was 
proposed to be a key component in the process of the Ca2+- dependent vesicle release, a process with 
which red blood cells might protect themselves against an attack by for example complement 
components. [PMID:12925238] 
 

 
Figure 26. Portion of the Aequoreidae hierarchy of the NCBI Taxonomy. 

 
Example 63: In recent years green fluorescent protein (GFP) from the bioluminescent jellyfish 
Aequoria Victoria [sic] has gained popularity in mouse transgenic and gene targeting regimes. 
[PMID:12079497] 
 
Example 64: Cre recominbase is expressed in this line under the control of the mouse Mx1 gene 
promoter, which is inducible by administration of interferon alpha or beta, or synthetic double-stranded 
RNA pI-pC. [PMID:16221973] 
 

 
Figure 27. Portion of the growth factor binding hierarchy of the Gene Ontology. 

 
Example 65: IGFBP-1 is one of six IGF-1 binding proteins, but is the only one that can be negatively 
regulated by insulin. [PMID:17201918] 
 

 



Figure 28. Portion of the transmembrane receptor protein tyrosine kinase 
signaling pathway hierarchy of the Gene Ontology. 

 
Example 66: Whether SirT1 regulates the IGF-1 signaling for mammary gland development and 
function, however, is not clear. [PMID:17201918] 
 
As with other modifiers, only include a postmodifying specifier if its inclusion serves to directly match 
the resulting annotation to an ontological concept.  Examples 56-60 show that these postmodifying 
specifiers often take the form of one or more numbers and/or letters after the head noun.  Note that 
these may take the form of Roman numerals, as in Example 58, or non-English letters, either in their 
original form (as in Example 59) or in a Latinate equivalent (as in Example 60). 
 
Example 61 shows that the postmodifying specifier may include a short word such as "variant" or 
"isoform". 
 
Example 62 shows an example of an ionic charge as a postmodifying specifier; we classify this as such 
since the "Ca" denotes a calcium atom and the trailing "2+" denotes that it has a charge of +2; thus, the 
"2+" specifies the type of calcium atom. 
 
Similarly, we also classify a mention of a species as a postmodifying specifier to its genus.  In Example 
63, "Victoria", the species, serves to modify the genus "Aequoria".  Together, "Aequoria Victoria" 
matches the term Aequorea victoria of Figure 26.  Postmodifying mentions of subspecies, 
strains, cultivars, etc. should be treated in this way as well. 
 
Example 64 shows that the conjuncts of a coordination can be considered independently, as seen 
before.  Here, the annotator has selected "interferon" and "beta" to form the discontinuous 
"interferon...beta". 
 
In Examples 65 and 66, postmodifying specifiers appear in more complex constructs.  In the former, "-
1", which specifies the preceding "IGF", is included in the annotation since its inclusion results in 
"IGF-1 binding", which matches the term insulin-like growth factor I binding of 
Figure 27.  (IGF is an abbreviation for insulin-like growth factor.)  Conversely, in the latter, "-1", 
which also specifies the preceding "IGF", is not included, as its inclusion would result in "IGF-1 
signaling", which is too specific—there is no term corresponding to IGF-1 signaling.  Excluding "-1" 
here results in "IGF...signaling", which directly corresponds to the term insulin-like growth 
factor receptor signaling pathway of Figure 28. 
 
Postmodifying specifiers may also take the form of other entities that are numbered.  However, it is 
unlikely that there will be ontological concepts specific enough for these entities and thus unlikely that 
these numbered entities should be annotated.  Nevertheless, we provide some examples of these: 
 
Example 67: CAPAN-1 cells carry a deletion of BRCA2 on one homolog and codes for a protein 
truncated at amino acid 1981 on the other homolog. [PMID:11597317] 
 
Example 68: The insertion allele also had a previously reported substitution (A to G, Thr164Ala) in 
exon 1 and several other single base changes in the promoter region. [PMID:11532192] 
 
Example 69: RT-PCR analyses showed that Dazap1 mRNA was already present in fetal tests at 



embryonic day 15, similar to Dazl1 mRNA. [PMID:11604102] 
 
Example 70: Probe A, a DNA fragment consisting of a portion of exon 10 that is not present in the 
target vector, hybridizes to an endogenous 3.1-kb fragment and, upon homologous recombination, to a 
13.2-kb fragment. [PMID:16121256] 
 
 

2.1.4 Concept Annotation of Nouns and Noun Phrases in Apposition 
 
A noun or noun phrase in either restrictive or nonrestrictive apposition with one or more other nouns 
and/or noun phrases may often be thought of as modifying the other(s).  However, apposition is 
sufficiently unique that we wish to address it separately. 
 
2.1.4.1 Concept Annotation of Nouns and Noun Phrases in Restrictive 
Apposition 
 
In restrictive apposition, the first noun or noun phrase can be thought of as modifying the second, 
which would imply that they should be treated as any other adjective or adjectival phrase.  However, 
nouns or noun phrases in restrictive apposition should be evaluated for annotation independently of the 
constructs with which they are in apposition.  Therefore, unlike premodifying adjectives and adjectival 
phrases, the first appositive construct, which typically describes the subsequent appositive construct(s), 
should not be included in the latter. (In restrictive apposition, there are typically two constructs in 
apposition, but there may be more.) Applying Figure 29 to Example 71, Figure 30 to Example 72, 
Figure 31 to Example 73, Figure 32 to Example 75, and Figure 33 to Example 77, and assuming 
concepts corresponding to β1-adrenergic-selective agonist, estrogen-related receptor α, etoposide, and 
ERK5 protein in Examples 74, 76, 78, and 79, respectively:  

 
 

Figure 29. Portion of the biological role hierarchy of the ChEBI ontology. 
 
Example 71: The model of human CLN2 was built using the structure of sedolisin complexed with the 
inhibitor pseudo-tyrostatin. [PMID:14609438] 
 



 
Figure 30. Portion of the organic amino compounds hierarchy of the ChEBI ontology. 

 
Example 72: Concomitantly, levels of the amino acids alanine, glutamate, and glutamine, whose 
synthesis is linked with normal metabolism. [PMID:16579849] 
 

 
Figure 31. Portion of the inclusion compounds hierarchy of the ChEBI ontology. 

 
Example 73: Other candidate molecules for such a mechanism are integrins, ephrins, and the low-
density lipoprotein receptor-related protein LRP. [PMID:14624252] 
 
Example 74: To further distinguish between abnormalities in heart rate and ventricular function, in 
vivo hemodynamic response to the β1, α1-adrenergic-selective agonist dobutamine was evaluated using 
a miniaturized Millar catheter. [PMID:15760270] 
 

 
Figure 32. Portion of the proteins hierarchy of the ChEBI ontology. 

 
Example 75: Much work has focused on the regulation of α-cell glucagon secretion by neuronal 
factors and by paracrine factors from neighbouring cells, including the important islet hormone insulin. 
[PMID:17503968] 
 
Example 76: Forced expression of PGC-1α triggers mitochondrial biogenesis by activating a complex 
circuitry of factors including NRF-1, NRF-2, and the orphan nuclear receptor estrogen-related receptor 



α. [PMID:15760270] 
 

 
 

Figure 33. Portion of the amino-acid residues hierarchy of the ChEBI ontology. 
 
Example 77: The most efficiently processed peptide consisted of 14 amino acids, with the tripeptide 
Asp-Arg-Val removed from its N terminus. [PMID:14609438] 
 
Example 78: Interestingly, we found that OA treatment of Trip13Gt/Gt spermatocytes could propel them 
into MI, despite a report that the same did not occur when wild-type pachytene spermatocytes were 
treated with the DSB-inducing agents gamma radiation or etoposide. [PMID:17696610] 
 
Example 79: Differences in the targeting strageties [sic] between both Soh et al and Regan et al, and 
that used here may explain why some differences were seen in the phenotypes observed, as it is not 
possible to rule out the possibility that truncated fragments of the ERK5 protein were expressed in any 
one of those knockouts, which may give rise to a dominant negative effect. [PMID:14675480] 
 
 
In Examples 71-74, the first appositive construct, in whole or in part, is annotated; for example, 
"inhibitor" of the first appositive construct "the inhibitor" is annotated in Example 71, corresponding to 
the term inhibitor of Figure 29.  In Examples 75-78, the latter appositive construct, in whole or in 
part, is annotated; for example, "insulin", which is the latter appositive construct, is annotated in 
Example 75, corresponding to the term insulin of Figure 32.  This is an example in which an entire 
appositive construct is annotated. 
 
Examples 71-74 show that articles and determiners should correspondingly not be included in 
annotations of nouns and noun phrases in restrictive apposition, as presented in Section 2.1.2.1.  
(However, in Example 73, as in Example 19, the determiner "the" actually modifies the entire first 
appositive noun phrase "the low-density lipoprotein receptor-related protein" rather than the annotated 
"low-density lipoprotein".) 
 
Examples 72-74 and 76 show that modifiers may be included in annotations of appositive nouns and 
noun phrases, as presented in Sections 2.1.2 and 2.1.3; for example, in Example 72, the adjective 
"amino" is included to create the annotation "amino acids", corresponding to the term amino acids 
of Figure 30, from the first appositive construct "the amino acids". 
 



Examples 73 and 77 show that a part of an appositive construct that does not include the head noun of 
the construct can be annotated.  For example, in Example 73, "low-density lipoprotein", corresponding 
to the term low-density lipoproteins of Figure 31, is annotated even though it does not 
contain the head noun of the appositive phrase in which it appears.  (The head of "the low-density 
lipoprotein receptor-related protein" is "protein".) 
 
Examples 74 and 78 show that for an appositive phrase that is a coordination, each construct can be 
considered independently, as seen previously for coordinations.  For example, in Example 74, "β1" and 
"-adrenergic-selective agonist" are selected to form the discontinuous "β1...-adrenergic-selective 
agonist".  ("β1, α1-adrenergic-selective agonist" is a shortened form of "β1- and α1-adrenergic-selective 
agonist"; note that the hyphen before "adrenergic" is included in this annotation, as it applies to both 
"β1" and "α1", but the comma after "β1" is not, since it serves as a coordinating conjunction here.) 
 
In Example 79, "the ERK5 protein" is not a restrictive appositive construct, but it is a construct that is 
often confused for one.  The phrase "the protein ERK" is an example of a noun phrase ("the protein") 
and noun ("ERK5") in restrictive apposition with each other, but "the ERK5 protein" is simply a noun 
phrase consisting of a determiner ("the") and a head noun ("protein") that is premodified by another 
noun ("ERK5"). 
 
2.1.4.2 Concept Annotation of Nouns and Noun Phrases in Nonrestrictive 
Apposition 
 
Like nouns and noun phrases in restrictive apposition, nouns and noun phrases in nonrestrictive 
apposition should be evaluated independently.  In Example 80, "an astrocytic marker" and "glial 
fibrillary acidic protein" are in nonrestrictive apposition with each other, and each can be independently 
annotated in part or in whole; here, the entire latter appositive construct is annotated: 
 
Example 80: Immunolocalization of an astrocytic marker, glial fibrillary acidic protein, failed to show 
an increase in numbers of astrocytic processes in PGC-1α-/- mouse cerebral cortex. [PMID:15760270] 
 
An especially prominent use of nonrestrictive apposition in biomedical articles is the juxtaposition of  
alternate names and/or abbreviations of a given entity, particularly genes and gene products and other 
types of chemicals.  In such cases where the appositive elements denote the same ontological concept, 
the annotator should make separate annotations for these elements.  In the following examples, we 
repeat the example sentence for each annotation to emphasize that these are separate annotations rather 
than single discontinuous annotations. 
 



 
Figure 34. Portion of the alkali metal molecular entities hierarchy of the ChEBI 

ontology. 
 
Example 81:  
To address this question, we incubated E11.5 metanephric mesenchyme in lithium chloride (LiCl), 
which activates canonical Wnt signaling through inhibition of GSK3, and also functions as an inducer 
of nephrogenesis in kidney organ culture. [PMID:17425782] 
 
To address this question, we incubated E11.5 metanephric mesenchyme in lithium chloride (LiCl), 
which activates canonical Wnt signaling through inhibition of GSK3, and also functions as an inducer 
of nephrogenesis in kidney organ culture. [PMID:17425782] 

 
 

Figure 35. Portion of the alkylating agents hierarchy of the ChEBI ontology. 
 
Example 82:  
We have identified ethyl-nitrosourea (ENU)-induced point mutations in three alleles of mon, each of 
which generates a premature stop codon. [PMID:15314655] 
 
We have identified ethyl-nitrosourea (ENU)-induced point mutations in three alleles of mon, each of 
which generates a premature stop codon. [PMID:15314655] 
 



 
Figure 36. The gamma-amino acids hierarchy of the ChEBI ontology. 

 
Example 83:  
Glucagon release in rodents may be regulated by paracrine signals, including γ-aminobutyric acid 
(GABA), Zn2+, and insulin. [PMID:17503968] 
 
Glucagon release in rodents may be regulated by paracrine signals, including γ-aminobutyric acid 
(GABA), Zn2+, and insulin. [PMID:17503968] 
 

 
Figure 37. Portion of the quaternary ammonium ions hierarchy of the ChEBI ontology. 

 
Example 84:  
The extracellular medium contained (in mM): 118 NaCl; 20 TEA-Cl (tetraethylammonium chloride); 
5.6 KCl; 2.6 CaCl2; 1.2 MgCl2; 5 HEPES (pH 7.4 with NaOH); and 5 glucose. [PMID:17503968] 
 
The extracellular medium contained (in mM): 118 NaCl; 20 TEA-Cl (tetraethylammonium chloride); 
5.6 KCl; 2.6 CaCl2; 1.2 MgCl2; 5 HEPES (pH 7.4 with NaOH); and 5 glucose. [PMID:17503968] 
 
Example 85: Differentiation of type II AECs was apparently normal as judged by surfactant protein 
(SP) mRNAs and SP-C immunostaining. [PMID:15008500] 
 
Example 86:  
The insulin/insulin-like growth factor-1 (IGF-1) signaling system: both SirT1 and Akt kinases can 
negatively regulate the transcription activity of forkhead box 'other' protein (FoxO) proteins. 
[PMID:17201918] 
 
The insulin/insulin-like growth factor-1 (IGF-1) signaling system: both SirT1 and Akt kinases can 
negatively regulate the transcription activity of forkhead box 'other' protein (FoxO) proteins. 
[PMID:17201918] 
 
Example 87:  
Recent evidence points toward a transcriptional coactivator, peroxisome proliferator-activated receptor-



γ (PPARγ) coactivator-1α (PGC-1α), as an integrator of the molecular regulatory circuitry involved in 
the transcriptional control of cellular energy metabolism, including mitochondrial function and 
biogenesis. [PMID:15760270] 
 
Recent evidence points toward a transcriptional coactivator, peroxisome proliferator-activated receptor-
γ (PPARγ) coactivator-1α (PGC-1α), as an integrator of the molecular regulatory circuitry involved in 
the transcriptional control of cellular energy metabolism, including mitochondrial function and 
biogenesis. [PMID:15760270] 
 
Recent evidence points toward a transcriptional coactivator, peroxisome proliferator-activated receptor-
γ (PPARγ) coactivator-1α (PGC-1α), as an integrator of the molecular regulatory circuitry involved in 
the transcriptional control of cellular energy metabolism, including mitochondrial function and 
biogenesis. [PMID:15760270] 
 
Examples 81-87 show that for annotations of appositive constructs appearing within parentheses, the 
parentheses should be excluded from the annotations.  (The same applies for appositive constructs 
separated by other punctuation marks.)  
 
Example 81 is a straightforward example of a mention of a chemical and its abbreviation in 
nonrestrictive apposition, and Example 82 builds on this in that the elements in apposition are not head 
nouns but modifying nouns.  ("ethyl-nitrosourea" and "ENU" modify "induced" here.)  Example 83 
shows that nouns and/or noun phrases in nonrestrictive apposition as part of a coordination can be 
independently considered, as seen before. 
 
Examples 84-86 show that only parts of nouns and/or noun phrases in nonrestrictive apposition can be 
annotated.  In Example 84, "TEA" of the appositive "TEA-Cl" and "tetraethylammonium" of the 
appositive "tetraethylammonium chloride" are annotated as matches to the term 
tetraethylammonium of Figure 37.  Example 85 shows that not all elements of nouns and/or noun 
phrases in nonrestrictive apposition can be annotated.  Here, "protein"of the appositive "surfactant 
protein" is annotated with the term proteins of Figure 32; its corresponding element in the 
appositive abbreviation is the letter "P", but this cannot be annotated, as there is no delimiter between 
"S" and "P".  In Example 86, the noun phrases in nonrestrictive apposition are modifying the phrase 
"signaling system", and only the "insulin-like growth factor" and "IGF" are selected to create the two 
discontinuous annotations "insulin-like growth factor...signaling" and "IGF...signaling" so as to directly 
correspond to the term insulin-like growth factor receptor signaling pathway 
of Figure 28. 
 
Nouns and/or noun phrases in nonrestrictive apposition usually only occur in pairs, but they may be 
more complicated; in such cases, all valid mentions of the ontological concept must be separately 
annotated.  In Example 87, the two noun phrases "peroxisome proliferator-activated receptor-γ 
(PPARγ) coactivator-1α" and "PGC-1α" are in nonrestrictive apposition; furthermore, within the 
former, the two noun phrases "peroxisome proliferator-activated receptor-γ" and "PPARγ", which 
modify "coactivator-1α", are also in nonrestrictive apposition.  Given that there is an ontological 
concept corresponding to PGC-1α, there are three annotations that should be made referring to this 
concept: "peroxisome proliferator-activated receptor-γ...coactivator-1α", "PPARγ...coactivator-1α", and 
"PGC-1α". 
 
 



2.2 Concept Annotation of Verbs 
 

If an ontological concept represents a process, any verbal form for the process—lexically 
corresponding to the concept or a semantic equivalent—may be annotated with the concept.  
Sometimes the concept is lexicalized as a verb: 
 

 
Figure 38. Portion of the sequence_operation hierarchy of the Sequence Ontology. 

 
Example 88: Introns are inserted after the indicated nucleotide positions of DAZAP1 cDNA 
sequences. [PMID:11604102] 
 
In Example 88, the past participle of the verb "insert" is annotated with the term insert of Figure 38. 
 
However, usually a concept representing a process is lexicalized as a noun or noun phrase: 
   

 
Figure 39. Portion of the biological_process hierarchy of the Gene Ontology. 

 
Example 89: We analyzed variation in striatal volume and neuron number in mice and initiated a 
complex trait analysis to discover polymorphic genes that modulate the structure of the basal ganglia. 
[PMID:11319941] 
 
Example 90: Nevertheless, it is clear that for fibres to undergo differentiation at the appropriate time 
and place extrinsic cues must regulate muscle patterning. [PMID:15238161] 
 
Example 91: Our data reveal that a PPARδ-mediated transcriptional pathway can regulate muscle fiber 
specification, enabling the generation of a strain of mice with a "long-distance running" phenotype. 
[PMID:15328533] 
 
Example 92: Nonetheless, we have succeeded in mapping one locus, Bsc10a, which modulates striatal 
volume with a genome-wide significance of P < 0.05. [PMID:11319941] 
 



Example 93: Alternatively, DAZL and DAZAP1 may act antagonistically to regulate the timing and 
level of expression. [PMID:11604102] 
 
Example 94: The second is that v/p numbers may not be tightly controlled and that PDGFRβ signaling 
can result in more cells. [PMID:14624252] 
 
Example 95: Agouti protein has a short radius of action and can be switched on and off during a single 
hair cycle; thus, its regulated expression is thought to be responsible for the cream-colored or yellow 
ventral surface of mice carrying the black-and-tan (at) allele and for the yellow markings around the 
feet, ears, or head, i.e., tan points or head spots, of certain dog breeds. [PMID:14737183] 
 
Example 96: Analysis of these mouse strains may increase understanding of the molecular 
mechanisms controlling diurnal rhythms of IOP and that may be relevant to glaucoma. 
[PMID:11532192] 
 
Example 97: The temporal spike of Snail mRNA expression in the hair bud prompted us to consider 
what factor(s) may be regulating the Snail gene. [PMID:15630473] 
 
Examples 89-97 each have a verb annotated with the term biological regulation of Figure 39. 
 
In Examples 89-92, the annotated verb is in the present simple tense.  In Example 93, it is the infinitive.  
In Examples 94 and 95, it is the past participle.  In Examples 96 and 97, it is the present participle. 
 
Examples 90, 91, 93, 94, and 97 show that auxiliary verbs should not be included in the annotation 
("must", "can", "may", "may" and "be", and "may" and "be", respectively).  Example 93 shows that the 
"to" of an infinitive should not be included.  Example 94 shows that negations ("not") should not be 
included. 
 
Note that for annotation of verbs, subjects (e.g., "v/p number" of Example 94), objects (e.g., "muscle 
patterning" of Example 90), and modifying prepositional phrases (e.g., "after the indicated nucleotide 
positions of DAZAP1 cDNA sequences" of Example 88) should not be included in the annotations.  
However, adverbs may be included if the result is a match to an ontological concept, as shown in 
Examples 98 and 99: 

 
 

Figure 39. Portion of the biological regulation hierarchy of the Gene Ontology. 
 
Example 98: Conceivably, the IIS system senses the levels of insulin and IGF-1 and negatively 
regulates the expression of the effector genes. [PMID:17201918] 
 



 
Figure 40. Portion of the regulation of transcription hierarchy of the Gene Ontology. 

 
Example 99: When E-cadherin is transcriptionally down-regulated, associated adhesion proteins with 
dual functions in signaling are released from cell-cell contacts, a process which we demonstrate leads 
to Ras-MAPK activation. [PMID:15630473] 
 
In Example 98, the adverb "negatively", which modifies "regulates", is included so as to create an 
annotation that matches the term negative regulation of biological process of 
Figure 39.  In Example 100, both "transcriptionally" and "down-" are included so as to create an 
annotation that matches the term negative regulation of transcription of Figure 40. 
 

 
Figure 41. Portion of the mRNA processing hierarchy of the Gene Ontology. 

 
Example 100: Nova-1 regulates the alternative splicing of the pre-mRNAs encoding neuronal 
inhibitory glycine receptor α2 (GlyR α2). [PMID:11604102]    Examples 66 and 86 
 
If the process to be annotated is a gerund, the process should be annotated as a noun/noun phrase as 
presented in Section 2.1 (since a gerund is a verb that is acting as a noun).  Thus, all aforementioned 
predomidifers and postmodifiers may be considered for inclusion in the annotation.  In Example 100, 
starting with the gerund "splicing", the premodifying "alternative" and the postmodifying "of...pre-
mRNAs" are included to create the discontinuous "alternative splicing of...pre-mRNAs" so as to match 

the term alternative nuclear mRNA splicing, via spliceosome of Figure 41.  
Examples 66 and 86 also contain examples of annotated gerunds. 
 
Finally, two examples of verbs that should not be annotated: 
 
Example 101: The molecular mechanism of impaired lung development associated with sterol 
deficiency by Dhcr7 loss is still unknown, but these results do not support the involvement of 
dysregulated Shh-Patched-Gli pathway in causing this defect. [PMID:15005800] 
 

 
Figure 42. Portion of the biological role hierarchy of the ChEBI ontology. 



 
Example 102: For most experiments, the mice were fed NIH31 (4% fat) chow ad libitum, and their 
water was acidified to pH 2.8 to 3.2. [PMID:11532192] 
 
In Example 101, the "regulated" of "dysregulated" cannot be annotated with the term biological 
regulation of Figure 39 as there is no appropriate delimiter, and there is no more specific term 
corresponding to dysregulation; thus, this is analogous to Example 14. 
 
Previous examples have shown that ontological concepts representing processes but lexicalized as 
nouns or noun phrases can be used to annotate verbal mentions in text.  Example 102 shows that an 
ontological concept lexicalized as a noun (or noun phrase) but representing an entity rather than a 
process cannot be used to annotate a related verb.  Here, the term acid of Figure 42 cannot be used to 
annotate "acidified", a reference to the process of acidification. 
 
 

2.3 Concept Annotation of Adjectives and Adjectival Phrases 
 
For an ontological concept representing an entity lexicalized as a (typically singular) noun or noun 
phrase, the adjectival form of  the noun or noun phrase or a semantic equivalent can be annotated with 
the concept.  
 
Example 103: Second, the dorsal striatum has a comparatively homogenous cellular composition, 
potentially reducing the number of quantitative trait loci (QTLs) that affect striatal neuron number. 
[PMID:11319941] 
 

 
Figure 43. Portion of the sensory perception hierarchy of the Gene Ontology. 

 
Example 104: The detection of bitter-tasting compounds by the gustatory system is thought to alert 
animals to the presence of potentially toxic food. [PMID:15938754] 
 



 
Figure 44. Portion of the response to wounding hierarchy of the Gene Ontology. 

 
Example 105: One mechanism suggests that increased adiposity induces a chronic inflammatory state 
characterized by increased cytokine production by adipocytes and/or macrophages infiltrating adipose 
tissue. [PMID:17465682] 
 
In Example 103, "cellular" is annotated with the term cell of Figure 1 since it is the direct adjectival 
form of "cell". 
 
In Example 104, "gustatory" is annotated with the term sensory perception of taste of 
Figure 43 since it is the adjectival form of "gustation", which is semantically equivalent to the sense of 
taste. 
 
Example 105 shows that words modifying the adjective serving as the anchor text can be included in 
the annotation if its inclusion results in a match an ontological concept.  Here, "inflammatory" can be 
selected as the anchor text since it is the adjectival form of "inflammation", judged to be semantically 
equivalent to "inflammatory response".  Starting from "inflammatory", "chronic" can be included as it 
modifies "inflammatory" and they together correspond to the term chronic inflammatory 
response of Figure 44. 
 
Remember that nouns and noun phrases serving as adjectives or adjectival phrases can be annotated, as 
seen in many earlier examples, e.g., Examples 10, 12, 13, 19, 28, 31, 57-59, 62, 65, 82, 85, and 86. 
 
If an ontological concept represents a process, a direct adjectival form of the process may be annotated, 
but do not annotate other related adjectives. 
 



 
Figure 45. Portion of the cellular process hierarchy of the Gene Ontology. 

 
Example 106: The restricted fields of fluorescence represent the proliferative zones present within the 
pancreas. [PMID:12079497] 
 
Example 107: A vector like the gene-trap tTA could provide a means for both annotating mouse genes 
and creating a resource of mice that express a regulable transcription factor in temporally- and tissue-
specific patterns for conditional gene expression studies. [PMID:16800892] 
 
In Example 106, "proliferative" is annotated with the term cell proliferation of Figure 45, as 
it is the directly corresponding adjectival form of "proliferation".  (Note that this example is analogous 
to Example 13 in that the selected text in isolation is more general than the term but is the correct 
context.)  However, in Example 107, "regulable" cannot be annotated with the term biological 
regulation of Figure 39 since, although "regulable" is a related term, the directly corresponding 
adjectival form of the process of regulation is "regulatory".  
 
Recall that a verb functioning as an adjective can be annotated as shown in Example 95. 
 
Some ontologies do have terms, usually representing qualities, that are lexicalized as adjectives or 
adjectival phrases.  Such a term can be used to directly annotate an adjective or adjectival phrase in the 
text: 
 



 
Figure 46. Portion of the feature_attribute hierarchy of the Sequence Ontology with the term 

mobile selected. 
 
Example 108: By analogy, we previously reported that deletion of the N-terminal NLS of TAP/hNXF1 
resulted in a mutant protein, which was found to accumulate at the nuclear rim and the nucleoplasm, 
suggesting that the ability of NXF to associate with mobile factors of the nuclear pore complex (NPC) 
facilitates its nuclear import even in the absence of the active N-terminal NLS. [PMID:16027110] 
 
In Example 108, "mobile" is straightforwardly annotated with the term mobile of Figure 46; this term 
represents the quality of being mobile. 
 
Analogous to the examples of nouns and noun phrases in nonrestrictive apposition in Section 2.1.4.2, 
adjectives and adjectival phrases in nonrestrictive apposition should be independently annotated. 
 



 
Figure 43. Portion of the feature_attribute hierarchy of the Sequence Ontology with the term 

wild_type selected. 
 
Example 109:  
In this study we have used embryonic stem (ES) cell-mediated transgenesis to test the enhanced cyan 
fluorescent protein (ECFP) and enhanced yellow fluorescent protein (EYFP), two mutant and spectrally 
distinct color variants of wild-type (wt) GFP. [PMID:12079497] 
 
In this study we have used embryonic stem (ES) cell-mediated transgenesis to test the enhanced cyan 
fluorescent protein (ECFP) and enhanced yellow fluorescent protein (EYFP), two mutant and spectrally 
distinct color variants of wild-type (wt) GFP. [PMID:12079497] 
 
In Example 109, "wild-type" and "wt" both modify GFP and are in nonrestrictive apposition; thus, as in 
Section 2.1.4.2, two separate annotations using the term wild_type of Figure 47 are made. 
 

2.4 Concept Annotation of Adverbs 
 

An adverb as the anchor text can be annotated with an ontological concept, although this is likely to be 
rare. 
 
 



 
Figure 44. Portion of the nucleobase, nucleoside, nucleotide and nucleic acid 

metabolic process hierarchy of the Gene Ontology. 
 
Example 110: When E-cadherin is transcriptionally down-regulated, associated adhesion proteins with 
dual functions in signaling are released from cell-cell contacts, a process which we demonstrate leads 
to Ras-MAPK activation. [PMID:15630473] 

 
 

Figure 45. Portion of the Bacteria hierarchy of the NCBI Taxonomy. 
 
Example 111: The bacterially produced recombinant proteins spanning the substrate-binding domains 
of mNXF2 and TAP/hNXF1 (amino acids 1-400) were immobolized and used in pull-down assays 
together with metabolically labeled binding factors. [PMID:16027110] 
 
In Example 110, "transcriptionally" is annotated with the term transcription of Figure 44, as it is 
the direct adverbial form of "transcription".  Analogously, in Example 111, "bacterially" is annotated 
with the term Bacteria of Figure 45. 
 

2.5 Overlapping and Nesting of Concept Annotations 
 

It may be the case that the use of a given ontology in the markup of text may result in overlapping and 
nesting of the concept annotations.  Overlapping refers to the overlapping of the selected text of an 
annotation, in part or in whole, with the selected text of another annotation.  Nesting is a type of 
overlapping in which the selected text of an annotation is a proper subset of the selected text of another 
annotation, i.e., all of the text of the former is also included in the latter.  As presented throughout this 
document, the terms of the project ontology will dictate whether or not to produce overlapping or 
nesting annotations.   
 

2.5.1 Overlapping of Concept Annotations 
 



Overlapping annotations are often created in coordinated phrases: 
 

 
(a) 

 
(b) 

 
Figure 46. (a) Portion of the photoreceptor cell hierarchy of the Cell Type Ontology with the 
term retinal rod cell selected. (b) Portion of the Cell Type Ontology with the term retinal 

cone cell selected. 
 
Example 112:  
The IOP increase in the dark is not dependent on functional rod and cone photoreceptors since these 
cells degenerate in SWR/J mice due to homozygosity for the Pde6brd1 mutation. [PMID:11532192] 
 
The IOP increase in the dark is not dependent on functional rod and cone photoreceptors since these 
cells degenerate in SWR/J mice due to homozygosity for the Pde6brd1 mutation. [PMID:11532192] 
 

 
 
 
 

 
 

(a) 

 
(b) 

 
Figure 47. (a) Portion of the cellular process hierarchy of the Gene Ontology. (b) Portion of 



the cell differentiation hierarchy of the Gene Ontology. 
 
Example 113: 
The initial development and partial differentiation of hair cells in Brn3c mutants could possibly lead to 
some neurotrophin expression in these cells to sustain sensory neurons through embryonic 
development and beyond. [PMID:12585968] 
 
The initial development and partial differentiation of hair cells in Brn3c mutants could possibly lead to 
some neurotrophin expression in these cells to sustain sensory neurons through embryonic 
development and beyond. [PMID:12585968] 
 

 
(a) 

 

 
 

(b) 
 

Figure 48. (a) Portion of the ion binding hierarchy of the Gene Ontology. (b) Portion of the 
lipid binding hierarchy of the Gene Ontology. 

 
Example 114: 
Annexin A7 is a Ca2+- and phospholipid-binding protein expressed as a 47 and 51 kDa isoform, which 
is thought to be involved in membrane fusion processes. [PMID:12925238] 
 
Annexin A7 is a Ca2+- and phospholipid-binding protein expressed as a 47 and 51 kDa isoform, which 
is thought to be involved in membrane fusion processes. [PMID:12925238] 
 
In Example 112, the annotations "rod...photoreceptors" and "cone photoreceptors" are overlapping in 
that they share "photoreceptors", and they are annotated with the terms retinal rod cell and 
retinal cone cell, respectively, of Figure 46.  In Example 113, the annotations 
"development...of...cells" and "differentiation of hair cells" are overlapping in that they share "of" and 
"cells", and they are annotated with the terms cell development and hair cell 
differentiation, respectively, of Figure 47.  (Note that "hair" is excluded from the former since 
there is no term hair cell development under cell development (which is not shown due 
to the size of the hierarchy under cell development) but is included in the latter since there is a 
term corresponding to hair cell differentiation.)  In Example 114, the annotations "Ca2+-...binding" and 
"phospholipid-binding" are overlapping in that they share "binding", and they are annotated with the 
terms calcium ion binding and phospholipid binding, respectively, of Figure 48. 
 
Overlapping annotations may be created in noncoordinated phrases as well: 
 



 
(a) 

 
 
 

 
 

(b) 

 
Figure 49. (a) Portion of the binding hierarchy of the Gene Ontology. (b) The tubulin 

binding hierarchy of the Gene Ontology. 
 
Example 115:  
The association of the wild-type protein with microtubules is dynamic and is regulated by its 
phosphorylation status: dephosphorylation of Mid1, upon interaction with the α4 regulatory subunit of 
phosphatase 2A (PP2A), displaces Mid1 from microtubules. [PMID:15070402] 
 
The association of the wild-type protein with microtubules is dynamic and is regulated by its 
phosphorylation status: dephosphorylation of Mid1, upon interaction with the α4 regulatory subunit of 
phosphatase 2A (PP2A), displaces Mid1 from microtubules. [PMID:15070402] 
 

 
(a)  

(b) 
 
Figure 50. (a) The embryonic development hierarchy of the Gene Ontology.  (b) Portion of the 

developmental process hierarchy of the Gene Ontology. 
 
Example 116:  
During embryonic development of midline structures, impairment in Mid1-Mig12-mediated 
microtubule dynamics regulation might be detrimental and lead to Opitz syndrome. [PMID:15070402] 
 
During embryonic development of midline structures, impairment in Mid1-Mig12-mediated 
microtubule dynamics regulation might be detrimental and lead to Opitz syndrome. [PMID:15070402] 
 
In Example 115, the annotations "association of...protein" and "association...with microtubules" are 



overlapping in that they share "association" and are annotated with the terms protein binding 
and microtubule binding, respectively, of Figure 49.  In Example 116, the annotations 
"embryonic development" and "development of...structures" are overlapping in that they share 
"development" and are annotated with the terms embryonic development and anatomical 
structure development, respectively, of Figure 50.  Note in Figure 50(a) that there is no term 
corresponding to embryonic development of anatomical structures; if there were, the single annotation 
"embryonic development of...structures" should instead be created.  (This will be discussed more fully 
in the next section.) 
 
Note that overlapping annotations can be created using terms from different ontologies: 
 

 
(a) 

 
(b) 

 
Figure 51. (a) Portion of the circulating cell hierarchy of the Cell Type Ontology. (b) Portion 

of the cellular process of the Gene Ontology. 
 
Example 117:  
Taken together, our studies demonstrate that Tif1γ is required for normal erythroid cell development 
and survival. [PMID:15314655] 
 
Taken together, our studies demonstrate that Tif1γ is required for normal erythroid cell development 
and survival. [PMID:15314655] 
 
In Example 117, the two annotations "erythroid cell" and "cell development" are overlapping in that 
they share "cell" and are annotated with the terms erythroid lineage cell (from the Cell Type 
Ontology) and cell development (from the Gene Ontology) of Figure 51.  (There is no term 
corresponding to the more specific erythroid cell development in the Gene Ontology.) 
 
Overlapping annotations can also result from phrases containing nouns or noun phrases in 
nonrestrictive apposition, as seen in Examples 86 and 87. 
 
 

2.5.2 Nesting of Concept Annotations 
 

In nesting of annotations, all of the selected text of an annotation is also selected text of another 
annotation; that is, the selected text of one annotation is within the boundaries of another annotation.  
The former is the nested annotation, and the latter is the nesting annotation. 



 
The central rule for nesting of annotations is that a nested annotation should be created only if it is to 
be annotated with a term that is not a superclass of the nesting annotation.  This is trivial if the terms 
for nesting and nested annotations are from different ontologies, as one cannot be a superclass of the 
other: 
 

 
(a) 

 
(b) 

 
Figure 52. (a) Portion of the cell differentiation hierarchy of the Gene Ontology. (b) Portion 

of the circulating cell hierarchy of the Cell Type Ontology. 
 
Example 118:  
In mon homozygous mutants, there is a severe block in maturation at the proerythroblast stage, whereas 
differentiation of myeloid cells is normal. [PMID:15314655] 
 
In mon homozygous mutants, there is a severe block in maturation at the proerythroblast stage, whereas 
differentiation of myeloid cells is normal. [PMID:15314655] 
 

 
(a) 

 

 
(b) 

 
Figure 53. (a) Portion of the ion binding hierarchy of the Gene Ontology. (b) Portion of the 

calcium molecular entities hierarchy of the ChEBI ontology. 
 

Example 119: 
Annexin A7 is a Ca2+- and phospholipid-binding protein expressed as a 47 and 51 kDa isoform, which 
is thought to be involved in membrane fusion processes. [PMID:12925238] 



 
Annexin A7 is a Ca2+- and phospholipid-binding protein expressed as a 47 and 51 kDa isoform, which 
is thought to be involved in membrane fusion processes. [PMID:12925238] 
 
In Example 118, nested within "differentiation of myeloid cells", "myeloid cells" is created because 
myeloid cell is trivially not a superclass of differentiation of myeloid cells since 
the former is a Cell Type Ontology term and the latter a Gene Ontology term.  In Example 119, nested 
within "Ca2+-...binding", "Ca2+" is created because calcium(2+) is trivially not a superclass of 
calcium ion binding since the former is a ChEBI term and the latter a Gene Ontology term.  
The latter example shows that a nested annotation can be created within a discontinuous annotation 
(and can even be a discontinuous annotation itself, although this is not the case here.) 
 
If the terms used for the nesting and nested annotations are from the same ontology, the term used for 
the nested annotation cannot be a superclass of that used for the nesting annotation: 
 

 
(a) 

 
(b) 

 
Figure 54.  (a) Portion of the biological_region hierarchy of the Sequence Ontology with the term 
base_pair selected. (b) Portion of the biological_region hierarchy of the Sequence Ontology with 

the term base selected. 
 
Example 120:  
The DNA substrate contains a pair of mutated GFP genes (GFP encodes the easily detected green 
fluorescent protein), one of which contains a restriction site for I-SceI, a yeast intron encoded 
endonuclease with an 18 base pair recognition site. [PMID:11597317] 
 
The DNA substrate contains a pair of mutated GFP genes (GFP encodes the easily detected green 
fluorescent protein), one of which contains a restriction site for I-SceI, a yeast intron encoded 
endonuclease with an 18 base pair recognition site. [PMID:11597317] 
 



 
Figure 55. Portion of the region hierarchy of the Sequence Ontology. 

 
Example 121: The DNA substrate contains a pair of mutated GFP genes (GFP encodes the easily 
detected green fluorescent protein), one of which contains a restriction site for I-SceI, a yeast intron 
encoded endonuclease with an 18 base pair recognition site. [PMID:11597317] 
 

 

 
(a) 

(b) 
 
Figure 56. (a) Portion of the cell differentiation hierarchy of the Gene Ontology. (b) Portion 

of the organ development hierarchy of the Gene Ontology. 
 
Example 122: 
Our results establish a major role for this transcriptional intermediary factor in the differentiation of 
hematopoietic cells in vertebrates. [PMID:15314655] 
 
Our results establish a major role for this transcriptional intermediary factor in the differentiation of 
hematopoietic cells in vertebrates. [PMID:15314655] 
 
 



 
(a) 

(b) 
 
 
 
 
 
 
 
 

(b) 
 
Figure 57. (a) Portion of the regulation of transcription hierarchy of the Gene Ontology. 

(b) Portion of the nucleobase, nucleoside, nucleotide and nucleic acid 
metabolic process hierarchy of the Gene Ontology. 

 
Example 123: 
When E-cadherin is transcriptionally down-regulated, associated adhesion proteins with dual functions 
in signaling are released from cell-cell contacts, a process which we demonstrate leads to Ras-MAPK 
activation. [PMID:15630473] 
 
When E-cadherin is transcriptionally down-regulated, associated adhesion proteins with dual functions 
in signaling are released from cell-cell contacts, a process which we demonstrate leads to Ras-MAPK 
activation. [PMID:15630473] 
 
In Example 120, both base and base pair are terms from the Sequence Ontology, and the nested 
"base" annotation can be made since base is not a superclass of base pair (shown in Figure 54), 
representing the fact that a base is not a base pair.  Conversely, in Example 121, both 
restrictive_enzyme_binding_site and region are terms of the Sequence Ontology, but 
an annotation is not made for "site" nested within "restriction site", since region is a superclass of 
restrictive_enzyme_binding_site, as shown in Figure 55.; a case such as this in which the 
head noun of an annotated noun phrase would be annotated with a superclass of the term annotating the 
noun phrase is the most common occurrence for not creating a nested annotation.  Analogously, in 
Example 29, an annotation of the nested head noun "cells" of "eukaryotic cells" should not also be 
created since cell is a superclass of eukaryotic cell, as shown in Figure 7. 
 
Examples 122 and 123 show that nested annotations need not be nouns or noun phrases.  In the former, 
hemopoietic progenitor cell differentiation and hemopoiesis are both terms of 
the Gene Ontology, and an annotation can be created for "hemopoietic" nested within "differentiation 
of hemopoietic cells" since hemopoiesis is not a superclass of hemopoietic progenitor 
cell differentiation.  In the latter, negative regulation of transcription and 
transcription are also both terms of the Gene Ontology, and an annotation for "transcriptionally" 
nested within "transcriptionally down-regulated" can be made since transcription is not a 
superclass of negative regulation of transcription. 
 

2.6 Ambiguity of Concept Annotations 
 



If the annotator believes that more than one term may apply to a text span, an annotation using each of 
these terms can be created to capture this ambiguity.  As in the previous section, neither term should be 
a superclass of the other.  In the large majority of cases, these annotations will have the same text 
spans, at least in our practice: 
 
Example 124: 
We show that Alms1 is necessary for formation of kidney epithelial cilia, which in turn are known to 
be essential for mechanosensory signaling. [PMID:17206865] 
 
We show that Alms1 is necessary for formation of kidney epithelial cilia, which in turn are known to 
be essential for mechanosensory signaling. [PMID:17206865] 
 
Example 125: 
It encodes a protein with two RNA binding domains and a proline rich C-terminal portion. 
[PMID:11604102] 
 
It encodes a protein with two RNA binding domains and a proline rich C-terminal portion. 
[PMID:11604102] 
 
Example 126: 
There is an insertion of a 58 bp segment in Prrp cDNA that causes a change of reading frame and 
results in a shorter Prrp with a different C-terminal end sequence. [PMID:11604102] 
 
There is an insertion of a 58 bp segment in Prrp cDNA that causes a change of reading frame and 
results in a shorter Prrp with a different C-terminal end sequence. [PMID:11604102] 
 
In Example 124, two annotations have been created for "mechanosensory", one using the term 
detection of mechanical stimulus (representing the "series of events by which a 
mechanical stimulus is received by a cell and converted into a molecular signal", from the Gene 
Ontology) and the other using the term sensory perception of mechanical stimulus, 
(representing the "series of events required for an organism to receive a sensory mechanical stimulus, 
convert it to a molecular signal, and recognize and characterize the signal", from the Gene Ontology)  
neither of which is a superclass of the other.  In Example 125, two annotations have been created for 
"C", one using the term carboxy group and the other using the term carboxylato group 
(representing two closely related chemical groups from the ChEBI ontology), neither of which is a 
superclass of the other.  In Example 26, two annotations have been created for "insertion", one using 
the term insert (representing the process of insertion) and the other using the term insertion 
(representing the entity that is the result of the process of insertion), neither of which is a superclass of 
the other. 
 
Though we have not shown such an example, the annotator may make more than two annotations if he 
or she believes more than two terms may apply to a given span of text to be annotated.  Also, though 
we have not shown such an example, annotations such as these that attempt to capture the ambiguity of 
these text phrases may overlap each other rather than being exactly the same. 


