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1. Introduction

The annotation process will involve identifying mentions of concepts that are relevant to the classes in the ontology. In particular this means identifying what we will call the strict entity span, that is the minimum amount of text needed to make a classification choice, and then determining its syntactic context. The rules for selecting both the strict entity span and the syntactic context make frequent reference to linguistic terms so it is important to have a basic understanding of these concepts. The purpose of the following sections is to provide you with definitions of the linguistic terms you will need to understand and also give examples taken from the type of texts you will be annotating.

We emphasize that this general linguistic section makes no mention of span-selection rules for your annotation task; these rules will be provided in later sections.  The words that are in boldface throughout this document only correspond to the linguistic concepts that are being presented in the given section.

2. Nouns and Noun Phrases

The head of a phrase is the central word that defines the type of the phrase. The head of a noun phrase is the noun that is most central to the noun phrase. In Example 1 the noun cat is the head of the noun phrase The black cat on the step, which functions as the subject of the sentence. Additionally, step is the head of the noun phrase the step, which functions as the object of the prepositional phrase on the step, and paws is the head of the noun phrase her paws, which functions as the direct object of licked. 

Example 1: The black cat on the step licked her paws.

Modifiers that occur to the left of the head are called pre-modifiers, while modifiers that occurs to the right of the head are called post-modifiers.  The head noun of a noun phrase can be pre-modified by articles and adjectives, and post-modified by prepositional phrases, relative clauses and non-finite clauses.  (We will describe these terms in more detail in the following sections.)  Here, The and black are pre-modifiers of cat, and on the step is a post-modifier of cat.

2.1 Bare Nouns

Sometimes a noun phrase is not modified and only consists of the head:

Example 2: the presence of the small isoform in platelets

Example 3: Cells were lysed in 10 mM Tris, pH 7.4, 1% Triton X-100, 150 mM NaCl, 1 mM EDTA, 10 mM inorganic tetrasodium pyrophosphate, 2 mM PMSF, 100 M Na3VO4, 0.5 mM NaF, and 0.1% aprotinin (Sigma).

Example 4: The possibility that c-Yes and the other Src kinases are recruited in this way is consistent with our previous findings that recruitment of v-Src to its site of action at the cell periphery of fibroblasts is also an actin-dependent process that requires the activity of Rho proteins.

In Example 2 platelets is a head noun of its own noun phrase. It has no article, adjectives or post-modification in its phrase. The same goes for Cells in Example 3 and fibroblasts in Example 4. 

Example 4 shows that noun phrases can occur inside other noun phrases. fibroblasts is a noun phrase that is part of the larger noun phrase the cell periphery of fibroblasts. The noun phrase fibroblasts is inside a prepositional phrase of fibroblasts that is post-modifying the head noun of the larger phrase, periphery.

2.2 Pre-Modifiers

2.2.1 Determiners and Quantifiers

Determiners and quantifiers frequently pre-modify head nouns,  such as the in Example 5, which pre-modifies the head noun cells.

Example 5: The cells were plated in keratinocyte growth medium.

The set of determiners and quantifiers includes:

articles (the cell, a cell, an erythrocyte), 

demonstratives (this cell, that cell, those cells, these cells)

possessive pronouns (their cells, its cell, his cell),

indefinites (any cell, some cells),

quantifiers (all cells, both cells, few cells, several cells, many cells), 

multipliers (double the cells, half the cells), 

fractions (one quarter of the cells)

cardinal and ordinal numbers (one of the cells, the first cell)

negative quantifiers (no cells, none of the cells)

measured quantities (3mg sodium chloride, 2.5 grams of sodium chloride)

In the examples below, Some, these, its, not all, half of the are instances of determiners or quantifiers.

Example 6: Some tumors showed hyperchromatic background cells with limited amounts of amphophilic cytoplasm, round to oval nuclei and prominent eosinophilic, and generally single nucleoli.

Example 7: Muristerone A treatment of these cells in low Ca2+ also induced cell-cell contact, resulting areas of clustered cells, an effect similar to that induced by the Src inhibitor PD162531 in normal keratinocytes.

Example 8: This enabled its catalysis.

Example 9: However, not all tumors present with unfavorable histology or fail treatment.

Example 10: Half of the complexes were incubated with (-32P)ATP.

Example 11 shows that measuring units (150 mM) can also act as pre-modifiers:

Example 11: Cells were lysed in 10 mM Tris, pH 7.4, 1% Triton X-100, 150 mM NaCl, 1 mM EDTA, 10 mM inorganic tetrasodium pyrophosphate, 2 mM PMSF, 100 M Na3VO4, 0.5 mM NaF, and 0.1% aprotinin (Sigma).

2.2.2 Adjectives

Adjective phrases can also precede and modify a head noun in a noun phrase, such as epithelial in Example 12 and catalytic in Example 13. 

Example 12: Adherens junctions are among the principal types of cell-cell contacts between epithelial cells.

Example 13: Inhibition of the catalytic activity results in impaired focal adhesion turnover and reduced cell motility.

Adjectives can be coordinated (i.e., combined with commas and and or or, e.g., the red, yellow and blue balls). Also, an adjective can be the head of an adjective phrase and itself be pre-modified by intensifiers (so, very) and other adverbial constructions.  For example, in the very sad child, the head adjective is sad, which is pre-modified by very. The entire adjective phrase preceding a head noun is part of the noun phrase; thus, the very sad child is an entire noun phrase.

The examples below show that adjectives and adjectival phrases can sometimes be quite complex. There can be multiple adjectives in a row (fundamental biological in Example 14), hyphenated adjectives (Ptdsr-deficient in Example 15) and a mix of hyphenated and individual modifiers (almost 300-fold higher modifying levels in Example 16). 

Example 14: The cadherin-catenin multiprotein complexes regulate a variety of fundamental biological processes.

Example 15: As Ptdsr-deficient embryos lack intestinal ganglia, these results suggest that Ptdsr-/- mice may have an underlying neural crest defect.

Example 16: Thus, we suggest that expression in more cells and in higher levels per cell together account for the almost 300-fold higher levels of olfactory epithelial RNA of gene A relative to gene D (Figure 3).

Further examples of adjectives: cardiac in cardiac malformations; adrenal in adrenal defects; olfactory in one olfactory gene; phylogenetic in the phylogenetic distribution.

2.2.3 Pre-modifying Nouns

Noun phrases, as well as adjective phrases, can pre-modify head nouns.  In Example 17 the noun tyrosine pre-modifies phosphorylation and is part of its noun phrase.

Example 17: There are also several lines of evidence that tyrosine phosphorylation may play a role in disruption of cell-cell adhesion.

Abbreviations and codes for proteins often act as pre-modifying nouns, as ZO-1 does in Example 18 below.

Example 18: Notably, the ZO-1 protein is also expressed in the olfactory epithelium at 11.5 dpc, although its expression appears to initiate in the nasal placodes by 9 dpc, when JAM-A gene activity is minimal.

In Example 19, blood is a pre-modifying noun to the head noun cells.

Example 19: The role of annexin A7 in red blood cells was addressed.

Example 20 shows that there can be several levels of pre-modification. The noun protein modifies the noun complexes, and the complex noun protein complexes is then pre-modified again by cadherin-catenin:

Example 20: The cadherin-catenin protein complexes regulate a variety of fundamental biological processes.

2.3 Post-Modifiers

Often, a noun phrase will have post-modifying phrases, that is, phrases that occur after the head and whose purpose it is to provide distinguishing or additional information on that noun. Post-modifying phrases can be prepositional phrases, relative clauses, non-finite clauses and appositives. They can often be quite long and complex, so it is important to pay attention to the structure of the sentence to find the correct boundaries. 

2.3.1 Prepositional Phrases

Prepositional phrases are phrases, usually to the right of the head, that begin with a preposition (e.g. in, on, under, of, by, per) and often contain another noun phrase. In the example below, with ASD is a prepositional phrase modifying the anchor word embryos. This prepositional phrase consists of the preposition of and the noun ASD.

Example 21: In this group we identified 20 embryos with ASD, 19 with VSD, and 21 with bilateral adrenal agenesis.

In Example 22 and Example 23,  the prepositional phrases per positive neuron and of mice modify the head nouns intensities and skin, respectively. 

Example 22: We note that hybridization intensities per positive neuron appear stronger for gene A than gene D, in accordance with the idea that transcript levels are higher per cell.

Example 23: Epidermal cells in the skin of mice are impaired in the formation of cell-cell junctions in vitro.

In Example 24 the prepositional phrase in fibroblasts modifies the head noun adhesions:

Example 24: We have shown that c-Src and v-Src are translocated to newly forming focal adhesions in fibroblasts.

In Example 25 the prepositional phrase of the Src family kinases at epithelial cell contacts in vitro modifies the head noun activity. This example shows that some prepositional phrases can be long and complex and can themselves contain smaller prepositional phases (e.g., at epithelial cell contacts). It is important to be able to identify the whole span of the prepositional phrase in cases like these.

Example 25: We examined the role of the catalytic activity of the Src family kinases at epithelial cell contacts in vitro.

Example 26 contains a similarly complex prepositional phrase of the endogenous Src kinases in normal and malignant human epithelial cells in low and high Ca2+ that modifies the head noun localization.

Example 26: This led us to examine the subcellular localization of the endogenous Src kinases in normal and malignant human epithelial cells in low and high Ca2+.

Note that because such phrases can contain many smaller noun phrases and prepositional phrases, it is sometimes quite hard to determine which phrase is modifying which. This kind of ambiguity will be discussed in more detail in Section 6. Nested Phrases and Attachment Ambiguity.

2.3.2 Relative Clauses

A relative clause is a subordinate clause (i.e., a clause that cannot stand alone as a sentence) that modifies a noun and usually, though not always, begins with a relative pronoun (e.g. that, which, who) or with a preposition and a relative pronoun (e.g. for which, in whom). An example is the who-clause in the man who gave me the tickets. Reduced relative clauses are a type of relative clause that has no relative pronoun and the verb is usually a gerund (i.e. an –ing form of a verb) or a participle (i.e. an –ed form of a verb), e.g. swimming in the water in the ducks swimming in the water, located at the rear of the building in the stairs located at the rear of the building. 

Relative clauses can be either restrictive or non-restrictive.  

2.3.2.1 Restrictive Relative Clauses

A restrictive relative clause is crucial to the identification of the noun phrase it modifies.

In Example 27, the relative clause which lack the ability to vesiculate modifies the noun phrase red blood cells and furthermore, it is essential for identifying the correct referent: the statement cause a disease with red blood cell destruction and haemoglobinuria is being made not about red blood cells in general but specifically about red blood cells lacking the ability to vesiculate. Leaving out the relative clause would give a very different (and non-sensical) meaning: red blood cells cause a disease with red blood cell destruction and haemoglobinuria. Note also, that the relative clause is not separated from the head noun red blood cells by punctuation (e.g., commas, parentheses or dashes), as is the general rule for restrictive clauses.

Example 27: Red blood cells which lack the ability to vesiculate cause a disease with red blood cell destruction and haemoglobinuria.

Example 28: Immunoprecipitated proteins were immunoblotted using 0.5 g/ml immunoglobulin G specific for c-Src that is phosphorylated at tyrosine 419 of the human sequence.

Example 29 shows a restrictive relative clause starting with a preposition and a relative pronouns: for which there are at least four cDNAs with 3’ UTR size information. This modifies the head noun genes.

Example 29: More than one 3’ UTR isoform is predicted for 43 of the 77 (56%) genes for which there are at least four cDNAs with 3’ UTR size information.

Example 30: Our previous work demonstrated that Src proteins are recruited into newly assembling focal adhesions by an actin-dependent process that does not require Src catalytic activity.

A restrictive reduced relative clause is a restrictive relative clause that does not begin with a relative pronoun or a preposition followed by a relative pronoun.  The following examples have restrictive reduced relative clauses:

Example 31: They also showed that annexin A7 and sorcin were enriched in membrane raft domains of nanovesicles formed from red blood cells in vitro.

Example 32: Two hours later, the visible platform version of the Morris maze was performed, when the escape platform was raised to a height of 1 cm above water level and shifted to the SE quadrant, with a pole (7 cm in height) inserted on top of it in order to facilitate viewing on the part of animals swimming with their head up.

Example 33: The mouse ADAMTS13 cloned from primary hepatic stellate cells was similar to its human counterpart in digesting VWF and was susceptible to suppression by EDTA or the IgG inhibitors of patients with TTP.

Example 34: Recruitment of v-Src to its site of action at the cell periphery of fibroblasts is also an actin-dependent process requiring the activity of Rho proteins.

In Example 31 above, the restrictive reduced relative clause formed from red blood cells modifies nanovesicles. Similarly, in Example 32, swimming with their head up serves to identify which animals are being referred to (namely those swimming with their head above water rather than, say, below it). In Example 33, cloned from primary hepatic stellate cells is a clause that is necessary to the identity of  ADAMTS13. Finally, in Example 34 the clause requiring the activity of Rho proteins tells us what kind of actin-dependent process is being referred to.

Determining whether a relative clause is restrictive or non-restrictive is often difficult. During the annotation process your decision should be determined by the presence or absence of punctuation surrounding the relative clause. If a relative clause is not separated from the head noun by punctuation (e.g., commas, parentheses or dashes), assume that it is restrictive.

2.3.2.2 Non-restrictive Relative Clauses

A non-restrictive relative clause is not crucial to the identity of the noun phrase it modifies.

Example 35: The osmotic resistance, which is the resistance towards changes in the extracellular ionic strength, is a convenient assay for analysis of the red blood cell integrity.

In Example 35, the non-restrictive relative clause which is the resistance towards changes in the extracellular ionic strength tells us what osmotic resistance is, but it does not give us further information that changes the identity of that noun phrase, that is, it does not narrow the definition of osmotic resistance in any way. 

The following are examples of non-restrictive reduced relative clauses, i.e., non-restrictive relative clauses that do not begin with a relative pronoun or a combination of a preposition and a relative pronoun.  In Example 36, spanning 37 kb on human chromosome 9q34 is a non-restrictive relative clause since it only provides further information, but not distinguishing information, about the noun phrase it modifies, The human ADAMTS13 gene.  In Example 37, many of them expressing ADAMTS13 does not define which reactive cells are being talked about, but instead only gives additional information about a subset of them. A comma separates the clause from the head cells.

Example 36: The human ADAMTS13 gene, spanning 37 kb on human chromosome 9q34, comprises 29 exons that encode a polypeptide of 1427-amino-acid residues and possibly several splicing isoforms.  

Example 37 A section of a cirrhotic liver depicting the transition between a fibrous septum and the reactive cells, many of them expressing ADAMTS13.

As mentioned in the previous section, determining whether a relative clause is restrictive or non-restrictive is often quite tricky. During the annotation process your decision should be determined by the presence or absence of punctuation surrounding the relative clause. If a relative clause is separated from the head noun it modifies by punctuation (e.g., commas, parentheses or dashes), assume that it is non-restrictive.

We will also assume that all relative clauses that have where or when as a relative pronoun, are non-restrictive, regardless of whether they are surrounded by punctuation:

Example 38: Recently, the 47kDa isoform has been identified in erythrocytes where it was proposed to be a key component in the process of the Ca2+-dependent vesicle release.

2.3.3 Variant Specifiers

Trailing variant specifiers are sets of letters or numbers that distinguish a specific name from a more general name, e.g. –A in Example 39.

Example 39: JAM-A is localized to tight junctions of epithelial and vascular endothelial cells.

Example 40: Like E- and P-cadherin, Ca2+ treatment of normal and tumor-derived human keratinocytes resulted in c-Yes being recruited to cell-cell contacts.

Example 41: Tyrosine phosphorylated p91 binds to a single element in the promoter to mediate induction by IFN alpha and IFN gamma.

Further examples: alpha, beta, I, -I, II, -II, type I, type II, 1, -1, 2, A, B, E, (2+), (3), (+/-) 

These are considered part of the noun phrase if the token they are attached to is the head noun or modifies the head noun.

2.4 Appositives

An appositive is a grammatical construction in which two elements—normally noun phrases—are placed side by side, with one element serving to define or modify the other. In Bill Clinton, the former president of the U.S., the second noun phrase the former president of the U.S. is an appositive to the first noun phrase Bill Clinton. 

Like relative clauses, appositives can be restrictive or non-restrictive.

2.4.1 Restrictive Appositives

In a restrictive appositive, the second phrase is essential to the identification of the first phrase and is not separated by punctuation. In Example 42 below, the appositive noun phrase ZO-1 is essential to the identification of the first phrase, the tight junction protein.

Example 42: Notably, the tight junction protein ZO-1 is also expressed in the olfactory epithelium at 11.5 dpc, although its expression appears to initiate in the nasal placodes by 9 dpc, when JAM-A gene activity is minimal.

There are many tight junction proteins and ZO-1 tells us which one is being referred to here. Similarly, in Example 43, p120CTN tells us which type of substrate is being referred to.

Example 43: We found that c-Yes (and the other ubiquitously expressed kinases c-Src and Fyn) and their putative substrate p120CTN were recruited to cadherin-mediated cell-cell contacts in normal epidermal keratinocytes in response to elevating the extracellular Ca2+.

As with relative clauses, restrictiveness is determined ultimately by the punctuation. If an appositive is not separated from the noun it modifies by punctuation (commas, parentheses or dashes), assume that it is restrictive.

Note, incidentally, that as explained in Section 2.2.3 Pre-modifying Nouns, ZO-1 can also occur as a pre-modifying noun before the anchor word.

2.4.2 Non-Restrictive Appositives

Conversely, a nonrestrictive appositive is separated from the first phrase by punctuation (commas, parentheses or dashes). It is not crucial to the identification of the first phrase but rather provides additional information about it. Example 44 contains a non-restrictive appositive, one of the more abundant of the soluble CSPGs in the post-natal brain, which is not crucial to the identification of the first phrase, DSD-1-PG, but rather provides further information about it. 

Example 44: Previously, we have characterized DSD-1-PG, one of the more abundant of the soluble CSPGs in the post-natal brain, showing this to be the mouse homolog of phosphacan.

Noun phrases in the appositive construction in Example 44: 


DSD-1-PG

one of the more abundant of the soluble CSPGs in the post-natal brain

A common type of appositive seen in biomedical articles is one in which one appositive phrase is an abbreviation of or alternate name for the other phrase, as seen in Example 45 and Example 46. In Example 45 OR is an abbreviation of odds ratio. The same goes for DAZAP1 and (DAZ Associated Protein 1) in Example 46, and DAZ and (Deleted in Azoospermia) in the same example. In Example 47 the appositive PTKs is an abbreviation for the preceding Protein tyrosine kinases.

Example 45: This was examined by univariate and multivariate logistic regression analyses to calculate odds ratios (OR) and their 95% confidence intervals (CI).

Noun phrases in the appositive:


odds ratios

OR

Example 46: DAZAP1 (DAZ Associated Protein 1) was originally identified by a yeast two-hybrid system through its interaction with a putative male infertility factor, DAZ (Deleted in Azoospermia).

Noun phrases in first appositive construction: 

DAZAP1 

DAZ Associated Protein 1

Noun phrases in second appositive construction: 

DAZ

Deleted in Azoospermia

Example 47: Protein tyrosine kinases (PTKs) are central mediators of intracellular signaling pathways.

Noun phrases in the appositive construction:

Protein tyrosine kinases

PTKs

In Example 48, (50% B6, 25% SJI, 25% 129Sv) is a phrase that is appositive to a mixed background strain. It is separated from the first phrase a mixed background strain by parentheses so we treat it as a non-restrictive appositive. 

Example 48: Twelve-month-old PS1-A246E mice and human wild-type controls on a mixed background strain (50% B6, 25% SJI, 25% 129Sv) were sent to the University of Rouen, France.

Again, whether the appositive is restrictive or non-restrictive is determined ultimately by the punctuation for this project. If an appositive is not separated from the noun it modifies by punctuation (commas, parentheses or dashes), assume that it is restrictive.

4. Adverbs and Adverbial Phrases

Adverbial phrases are used to modify verbs or adjectives in a variety of ways, e.g. He ran quickly, where the adverb quickly modifies the verb ran, or She was terribly late, where the adverb terribly modifies the adjective late. Adverbs usually tell us the manner, place or time of some event or state, i.e. how something happened or where or when or how often. Adverbs can combine with other adverbs to form more complex adverbial phrases, e.g. He ran very quickly, where the adverb very modifies the adverb quickly, and they are part of the same adverbial phrase. Coordination of adverbs is also possible, e.g He ran quickly and quietly.

Participles of verbs can sometimes function as adjectives, e.g. the shining sun, the bored children. Because adverbs can modify verbs they can also combine with these participles in a pre-modifying position to the noun, e.g. the brightly shining sun, the easily bored children, where the adverbs brightly and easily modify the adjectives shining and bored, respectively.

In Example 49 the adverb intracellularly modifies the verb express to tell us the location of the expression.

Example 49: Human corneal epithelial cells were observed to express both TLR2- and TLR4-specific mRNA as well as their corresponding proteins intracellularly, but not at the cell surface.

In Example 50 the adverb intracellularly modifies the participle grown, which is used as an adjective, telling us the location of the growth. intracellularly grown together modify the noun phrase gold nanoparticles.

Example 50: Electron microscopy and a silver-enhanced reflectance laser scanning confocal microscopic approach were used to visualize the size, shape, and distribution of intracellularly grown gold nanoparticles (IGAuN) as small as 1 nm.

5. Verbs and Verb Phrases

A verb phrase is a syntactic phrase that has a verb as its head. A verb phrase sometimes consists of only a verb, e.g snored in He snored. 

5.1 Modals and Auxiliaries

A main verb can be modified by auxiliary and modal verbs. These are verbs such as be, have, can, could, might, would, should  that combine with a main verb to form a more complex verb phrase but do not carry much meaning themselves. They usually serve to express tense (whether something happened in the past present or future) or aspect (whether an action is continuous or completed). 

Example 51: He snores.
Example 52: He is snoring.

Example 53: He might have snored.

Example 54: He could be snoring.

Example 55: He will snore.

5.2 Adverbs and Adverbial Phrases in the Verb Phrase

A verb phrase can also include adverbs and the negative adverb not.

Example 56: He is not snoring.

Example 57: He is snoring loudly.

Example 58: He frequently doesn’t snore.

More complex adverbial phrases of time, place, manner, purpose and frequency can be part of a verb phrase:

Example 59: He snores just to annoy me.

Example 60: He snores every night.

Example 61: He snores in bed.

Example 62: He snores in bed every night just to annoy me.

Example 63 is an example of complex adverbial phrases from a biomedical text. The main verb is expressed. It has the auxiliary is and the modifying phrases in the striatum (location) and during early brain development in the rat (time). Similarly, Example 64 has the main verb localized, an auxiliary is and the adverbial phrase during development to the anterior ventral forebrain that tells us when the event described by the verb occurs.
Example 63: The MARCKS-related protein gene is expressed in the striatum during early brain development in the rat.

Example 64: Vax1 is localized during development to the anterior ventral forebrain.

In the following example there is a complex adverbial phrase that is discontinuous. The main verb is regulated and the adverbial phrase tells us the manner of the regulation process: more tightly….. than neuron populations in some other regions.

Example 65: The striatum may be a special case - a region in which numbers of medium spiny neurons are more tightly regulated than neuron populations in some other regions.  

5.3 Object and Complements

Linguistic theory states that object and complements of the verb are also part of the verb phrase. Verbs vary as to how many objects or complements they can have. The verb snore has no object, the verb eat can optionally have one object, namely the thing being eaten and verbs like give have two objects, the thing being given (direct object) and the recipient (indirect object). 

Example 66: She is eating cake. 

Example 67: She gave the gift to her mother.

In Example 68 the verb binding has an object NP, BRCA2.

Example 68: Davies et al showed CAPAN-1 cells to be defective in nuclear localization of RAD51, raising the possibility that RAD51 is normally carried to the nucleus by binding BRCA2.
In Example 69 the main verb down-regulate has an object Noun Phrase, synaptic activity. It also has two adverbial phrases, indirectly and in the striatum. Note that one of these adverbial phrases, indirectly, occurs before the verb and the other, in the striatum, after it.

Example 69: In the mouse, members of this receptor type act to indirectly down-regulate synaptic activity in the striatum.

Some verbs have sentential complements, like think and say. In the first example below thinks has the complement that her mother likes the gift. In the second example, said has the complement that he will be there.

Example 70: She thinks that her mother likes the gift.

Example 71: He said that he would be there.

5. Coordination

5.1 Coordinating conjunctions

Most types of adjective, adverbial and noun phrases can be coordinated (i.e. combined) with the conjunctions and or or or similar expressions (e.g. in addition to, as well as).  In the example below, the noun phrases red blood cells and platelets are combined with the coordinating conjunction and. 

Example 72: Generally, red blood cells and platelets were thought not to contain annexin A7. 

Adjectives can also be in coordinating constructions. In Example 73, the adjectives cardiac and adrenal are coordinated. Both of these adjectives modify the noun malformations. This presumably means the sentence refers to two different types of malformations. Another way to state this would be to repeat the head noun malformations, as in cardiac malformations and adrenal malformations. 

Example 73: We showed that MRI is capable of accurately identifying cardiac and adrenal malformations in knockout mouse embryos.

Entities:

Cardiac malformations

Adrenal malformation

Pre-modifying nouns can also be coordinated, such as adaptor and protein-protein interaction, Example 74. Again in this case the phrase is presumably interpreted as referring to two different types of functions: adaptor functions and protein-protein interaction functions.

Example 74: One reason for the apparent discrepancy may lie in the fact that the Src family kinases are multidomain proteins that have adaptor or protein-protein interaction functions involving the Src homology domains, as well as catalytic activity.   

Entities: 

Adaptor functions

Protein-protein interaction functions

The example below shows that adjectives (cellular) can be coordinated with pre-modifying nouns (membrane). Both of these phrases pre-modify the noun function.

Example 75: the cellular and membrane function

Example 76 shows that other expressions can act as coordinating conjunctions, where in addition to combines the C lobe and the entire N lobe.

Example 76: 671-Jak2 deletes the first two -helices of the C lobe in addition to the entire N lobe.

Coordination can also occur with or as shown in Example 77.

Example 77: More recently, DAZL was shown both in vitro and in a yeast three-hybrid system to bind specifically to oligo(U) stretches interspersed by G or C residues, including a U-rich segment in the 5' UTR of mouse Cdc25C mRNA [13].

Entities:

G residues

C residues

Because of the or-coordination, we know that the sentence is referring to two different types of residues: G residues or C residues.

5.2 Ambiguity in Coordination

When examining coordinated phrases, it is important to look out for potential ambiguities. If two head nouns are coordinated and preceded by an adjective, it is not always clear whether the adjective modifies both nouns or just the first. In Example 78 the phrase old men and women has two head nouns, men and women, which are preceded by the adjective old. This could be read to mean the old men and the old women, where the adjective modifies both nouns. It could also mean the old men and the women of any age, for example in the following context: The young men left to fight in the war. The old men and women stayed in the village. In this case, the adjective only modifies men.

Example 78: The old men and women stayed in the village.

Possible entities (1):

The old men

The old women

Possible entities (2):

The old men

The women

If the pre-modifying adjectives or nouns are coordinated, there is ambiguity concerning how many entities are being referred to. In Example 79 the pre-modifying adjectives red and blue are coordinated before their head noun balls. This could mean that there is only one type of ball – balls that are partly red and partly blue, or that there are two types of balls, red balls and blue balls.

Example 79: The red and blue balls fell on the floor.

Possible entities (1):

Balls that are red and blue

Possible entities (2):

Red balls

Blue balls

In Example 80, the adjective red only modifies blood cells but not platelets. In Example 81, however, the adjective VS neuronal modifies both identity and migration.

Example 80: Generally, red blood cells and platelets were thought not to contain annexin A7. 

In Example 81, the adjective VS neuronal modifies both identity and migration.

Example 81: In conclusion, Sox1 expression in precursors is not sufficient for VS neuronal identity and migration.

Spans: VS neuronal identity


VS neuronal migration

6. Nested Phrases and Attachment Ambiguity

The section on Coordination talked about how there is sometimes ambiguity in determining which of the coordinated phrases are being modified. With nested phrases there can be similar ambiguity.

Example 82 has a complex noun phrase the house with the balcony that was painted red. It consists of the head noun house and a prepositional phrase with the balcony containing a second noun phrase the balcony. There is also a relative clause that was painted red.

Example 82: I entered the house with the balcony that was painted red.

It is not clear whether the relative clause modifies the house or the balcony. This is called attachment ambiguity because it is not clear which noun the clause “attaches” to. In many cases, the context will disambiguate this. E.g. There were two houses with balconies. One house had a balcony that was painted red and one house had a balcony that was painted blue. I entered the house with the balcony that was painted red.  In this case the relative clause modifies the balcony.

In a different context, the relative clause could be construed as modifying the house, e.g. 

There were two houses with balconies. One house was painted red and the other house was painted blue. I entered the house with the balcony that was painted red

Example 83 contains a complex noun phrase: membrane raft domains of nanovesicles formed from red blood cells in vitro. Below the example are listed the set of possible smaller noun phrases that are contained within that noun phrase.

Example 83: They also showed that annexin A7 and sorcin were enriched in membrane raft domains of nanovesicles formed from red blood cells in vitro.

Noun Phrases: 

membrane raft domains of nanovesicles formed from red blood cells in vitro

membrane

nanovesicles formed from red blood cells in vitro

red blood cells

Note that from a syntactic perspective the reduced relative clause formed from red blood cells in vitro could modify either membrane raft domains or nanovesicles. Only an understanding of the text or additional context can help determine which noun phrase it belongs to. 

7. Anaphoric Reference

Noun phrases, in particular pronouns, can refer back to the referents of preceding noun phrases. For example, in The player kicked the ball and it broke a window. the it refers to the same entity as the one referred to by the ball. In other words, in order to understand what it means, we need to interpret the preceding noun phrase the ball. This type of reference is called anaphoric reference and we say that the ball and it are co-referring. 

In the example below, the pronoun they at the beginning of the second sentence is co-referring with the noun phrase the anxA7-/- red blood cells.

Example 84: Dark field microscopy revealed changes in shape and diameter of the anxA7-/- red blood cells. They had a statistically significant larger cell diameter.

Pronouns and demonstratives can be used in this way. These include he, she, it, they, this, that, these, those, them. Note, though, that the demonstratives this, those and that can be used as articles to pre-modify a noun (e.g. those red blood cells). 

Quantifiers can also be used for anaphoric reference. In Example 85 19 and 21 are used to stand for 19 and 21 embryos, respectively.

Example 85: In this group we identified 20 embryos with ASD, 19 with VSD, and 21 with bilateral adrenal agenesis.

