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Abstract
[Purpose/Significance] With the massive growth of academic journal literature,
researchers need to spend considerable time searching for, acquiring, and in-
terpreting required information from literature under the traditional scientific
literature publishing model. To facilitate the dissemination and exchange of sci-
entific information, fine-grained semantic publishing oriented towards scientific
literature content has become a new trend. This paper introduces “nanopubli-
cation,” a representative publishing model in semantic publishing, and analyzes
the possibility and application characteristics of nanopublication across differ-
ent disciplinary fields. [Method/Process] First, the nanopublication model is
introduced. Then, through literature review, the current application status of
nanopublication is reviewed. Finally, examples are used to illustrate the ap-
plication characteristics of nanopublication in different disciplinary fields. [Re-
sults/Conclusion] Research results indicate that: � nanopublication is currently
mainly applied in the biomedical field, with limited applications in computer
science and humanities, and almost no applications in other fields; � nanopub-
lication can be extended for application in other disciplinary fields, but it is
necessary to construct nanopublications that conform to the characteristics of
the disciplinary field based on its features.
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Abstract
[Purpose/Significance] With the exponential growth of academic journal
literature, researchers must spend considerable time searching for, retrieving,
and interpreting needed information under traditional scientific publishing mod-
els. To facilitate the dissemination and exchange of scientific information, fine-
grained semantic publishing oriented toward scholarly content has emerged as a
new trend. This paper introduces “nanopublication,” a representative publish-
ing model within semantic publishing, and analyzes its potential applications
and application characteristics across different disciplinary fields.

[Method/Process] We first introduce the nanopublication model, then review
the current state of nanopublication applications through literature survey, and
finally illustrate application characteristics in different disciplines with concrete
examples.

[Result/Conclusion] Our findings indicate that: (1) Nanopublication is cur-
rently applied primarily in the biomedical domain, with limited use in com-
puter science and humanities, and virtually no application in other fields; (2)
Nanopublication can be extended to other disciplines, but requires constructing
nanopublications that align with the specific characteristics of each domain.

Keywords: nanopublication, semantic publishing, knowledge representation

In the era of big data, users have access to increasingly vast information re-
sources, and the development of digital publishing technologies has led to an
explosion of scientific literature information. Under current digital publishing
models, scientific documents are predominantly published online in unstructured
formats similar to traditional print publications (such as HTML and PDF), caus-
ing numerous scientific discoveries and conclusions to be buried within massive
scientific texts. Researchers must invest substantial time locating literature,
reading, and identifying key information, making it difficult to rapidly obtain
needed scientific information and its interconnections. This hinders scientific
knowledge exchange, sharing, and reuse.

In 2009, Professor D. Shotton of Oxford University formally introduced the con-
cept of “Semantic Publishing,” which has since garnered widespread attention
in academic and publishing circles. Shotton defined semantic publishing as a
form of semantically enhanced journal publishing that employs Semantic Web
technologies to annotate and interlink information in journal articles, enriching
publication content, enhancing article semantics, and promoting knowledge dis-
semination and academic exchange. Building upon this concept, the non-profit
academic organization Concept Web Alliance proposed a new scientific informa-
tion publishing model in 2009—nanopublication—which aims to establish a
structured and semantic fine-grained knowledge representation and dissemina-
tion method. In the nanopublication model, scientific facts or conclusions buried
in unstructured scientific texts or massive datasets are extracted, structurally
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and semantically represented, and formed into independent nanopublications
with context and supporting information. This approach enhances machine
readability of scientific information while promoting knowledge dissemination
and exchange.

2. Structure and Technical Implementation of Nanopubli-
cations
To address the challenges of discovering, connecting, and curating scientific
knowledge in the big data context, the Concept Web Alliance first proposed the
concept of nanopublications in May 2009, defining them as the smallest units of
publishable information—unique, attributable assertions about anything. Build-
ing on this concept, P. Groth et al. from VU University Amsterdam proposed
a nanopublication model in 2010 and developed initial technical specifications
for generating nanopublications. In March 2011, the OpenPHACTS project
(Open Pharmacological Concepts Triple Store), funded by the European Inno-
vative Medicines Initiative, began implementing nanopublication as a unified
representation format for pharmaceutical data to facilitate data integration and
interoperability, providing semantic infrastructure for drug discovery research
and marking the first practical application of nanopublications. In June 2012,
the OpenPHACTS project released the Nanopublication Guidelines, defining
the constituent elements and representation methods of nanopublications, with
the latest version published in 2015 and the creation of the nanopub.org website,
which has strongly promoted nanopublication development.

2.1 Structure of Nanopublications

According to the latest Nanopublication Guidelines released by the Concept Web
Alliance in 2015, the composition structure of a nanopublication is shown in Fig-
ure 1 [Figure 1: see original paper]. A nanopublication contains three fundamen-
tal components: (1) Assertion: The smallest unambiguous information unit,
representing relationships between concepts in subject-predicate-object triple
form. As the core of a nanopublication, it typically expresses scientific claims
or conclusions. (2) Provenance: Indicates the assertion’s source, including au-
thor, institution, time, and location. (3) Publication Information: Metadata
about the nanopublication itself, including creator, creation time, copyright, and
version information.

Additionally, nanopublications include two auxiliary elements: Head and
Nanopublication ID. The Head establishes relationships between the nanop-
ublication and its assertion, provenance, and publication information. The
Nanopublication ID provides a unique identifier, typically a URI, ensuring
uniqueness. The Integrity Key, part of the Nanopublication ID, uses crypto-
graphic hash algorithms to add a hash value to the nanopublication content,
ensuring verifiability and permanence. Scholars at ETH Zurich, such as T.
Kuhn, recommend using Trusted URIs for this purpose.

chinarxiv.org/items/chinaxiv-202308.00341 Machine Translation

https://chinarxiv.org/items/chinaxiv-202308.00341


The Concept Web Alliance uses RDF Named Graphs to formally represent
nanopublications. RDF Named Graphs are a simple extension of the RDF
triple model—a collection of RDF triples identified by a URI that can be refer-
enced directly as subject or object in other RDF triples. Currently, there are
three main serialization formats for named graphs: RDF/XML, TriX, and TriG.
RDF/XML and TriX are XML-based, while TriG is a variant of RDF/Turtle
format.

A nanopublication’s formal representation consists of four RDF named graphs:
the head graph, assertion graph, provenance graph, and publication information
graph. The head graph contains four RDF triples defining a nanopublication
instance and describing its relationships with the other three graphs. The asser-
tion graph describes only one natural language claim, requiring domain ontolo-
gies and controlled vocabularies to normalize natural language terms, and can be
formally expressed as one or more RDF triples. The provenance graph describes
background information about the assertion (i.e., assertion metadata), consist-
ing of one or more RDF triples with the assertion graph as subject, typically
using properties from the Provenance Ontology (e.g., prov:generatedAtTime
for generation time, prov:wasDerivedFrom for source, prov:wasAttributedTo
for attribution). The publication information graph describes nanopublication
metadata, consisting of one or more RDF triples with the nanopublication URI
as subject, using properties from provenance ontologies or metadata standards
like Dublin Core.

To illustrate the structure clearly, consider a biomedical scientific claim:
“Trastuzumab is indicated for breast cancer.” Represented as a nanopub-
lication (Figure 3 [Figure 3: see original paper]), the assertion describes
the relationship between entities ex:trastuzumab and ex:breast_{cancer}
via ex:is_{{{indicated}}_{{for}}}. Provenance states the assertion was
generated on February 3, 2012, at 14:38, derived from an experimental
conclusion, and attributed to a scientist. Publication information indicates the
nanopublication was created on October 26, 2012, at 12:45 by P. Groth.

2.2 Technical Implementation of Nanopublications

Nanopublication implementation involves four main steps:

(1) Scientific Assertion Extraction: The primary task is identifying and
extracting important scientific claims or conclusions from unstructured scien-
tific literature to serve as nanopublication assertions. Since scientific literature
typically follows fixed structural patterns, with claims usually appearing in spe-
cific sections (e.g., conclusions), parsing document structure helps rapidly locate
key assertions. Representative models for scientific document structure include
CISP (Core Information about Scientific Papers) developed by Aberystwyth
University, which divides scientific research into eight categories: research pur-
pose, motivation, object, method, experimental process, observation, results,
and conclusion. CISP developers also created the SAPIENT tool (Semantic An-
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notation of Papers: Interface & Enrichment Tool) to assist manual identification
of natural sentences representing these eight key categories.

(2) Semantic Representation of Assertions: Converting extracted
natural language claims into RDF triples. First, natural language processing
transforms statements into logical subject-predicate-object triples, where
subjects/objects correspond to nouns/noun phrases, and predicates correspond
to relational words (verbs, prepositional phrases). Second, natural language
terms must be converted to controlled vocabulary with URIs for unique
identification. Since the nanopublication model doesn’t provide its own
vocabularies, reusing existing open vocabularies and ontologies is recommended
to facilitate integration. OpenPHACTS recommends common vocabularies
for life sciences (Table 1 ). For unique identification, academic institutions
have established URI services like Identifiers.org by the European Bioinfor-
matics Institute, which provides URIs for life science entities in the form
http://identifiers.org/[namespace]/[entity]. Finally, RDF triples are
represented as RDF named graphs to form the assertion graph.

(3) Provenance Construction: Adding metadata to assertions from scientific
literature, including author, institution, time, and location. The Provenance On-
tology is primarily used to describe this metadata, which forms the provenance
graph.

(4) Publication Information Construction: Adding metadata to the for-
malized nanopublication, including creator, creation time, copyright, and ver-
sion information, using DCMI metadata and provenance ontology properties.
This forms the publication information graph.

3. Current Application Status of Nanopublications
We collected 66 relevant papers on nanopublications using Google Scholar, of
which 22 discuss the concept/model itself and 44 describe practical applications.
Analysis of these 44 papers reveals that nanopublications are primarily applied
in biomedicine, computer science, and humanities, as shown in Figure 4 [Figure
4: see original paper].

As Figure 4 shows, biomedical applications are relatively mature, accounting
for approximately 80% of current usage. Data sources for nanopublications fall
into two categories: (1) Researchers publishing their own findings to accelerate
dissemination; (2) Converting existing relational database data to nanopublica-
tions to discover new relationships and improve credibility.

Representative cases include: In 2015, E. Mina et al. from Leiden University
published Huntington’s disease experimental results and processes as Linked
Data, overcoming traditional journals’ inability to present experimental data
and enhancing data interconnectivity. They first converted natural language re-
sults into RDF triples as assertions, then used a workflow-centric research object
model (WROM) to annotate experimental processes and data as provenance.
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The EU Innovative Medicines Initiative’s OpenPHACTS project (2005) applied
nanopublications to drug discovery infrastructure, representing bioactivity data
and conclusions to build a drug data integration platform, improving credibility
and interoperability. In 2017, J.P. McCusker et al. from Rensselaer Polytech-
nic Institute used nanopublications to unify semantic representation and cen-
tralized storage of drug-target, protein-protein, and disease-gene relationships
from diverse databases, solving data fragmentation for drug repurposing. Such
applications rely on RDF conversion tools like McCusker’s 2013 Prizms tool
(converting CSV/XML/JSON to RDF) and G.P. Patrinos’s 2012 tool for the
LOVD database (converting human genetic variation data).

Beyond biomedicine, researchers have explored other domains. In 2014, A.
Lipani et al. from Vienna University of Technology semantically annotated in-
formation retrieval papers using an IR ontology, publishing IR experimental
data as nanopublications to enhance reproducibility. In 2015, P. Golden et
al. from UNC Chapel Hill formalized historical period descriptions from ar-
chaeology, history, and art history as nanopublications and published them as
Linked Data. Also in 2015, R. Viglianti from the University of Maryland used
nanopublications to publish traditional musical scores as Linked Data, improv-
ing addressability.

Since 2013, Chinese scholars have begun studying nanopublications, though
still in early stages. Wu Sizhu et al. from the National Science Library, Chi-
nese Academy of Sciences (2013) first introduced nanopublication in China,
discussing its concept, source files, semantic patterns, structural description, ap-
plication value, and role in knowledge discovery. Su Yunmei and Wu Jianguang
from Shanxi Medical University Library (2015) explored nanopublication’s re-
lationship with knowledge discovery, analyzing semantic association patterns
using Seckel syndrome as a case study, but without practical implementation.
Lü Yuanzhi from Shanghai Normal University (2015) constructed a semantic de-
scription framework for digital archival resources based on nanopublication, but
this coarse-grained external structure description (titles, classification numbers,
keywords) deviates significantly from nanopublication’s fine-grained knowledge
representation purpose and cannot be considered a true application.

4. Application Characteristics of Nanopublication in Dif-
ferent Disciplines
With rapid growth of scientific conclusions and data across disciplines and ur-
gent needs for automatic semantic integration, linking, and reasoning, expand-
ing nanopublication applications is essential. However, T. Kuhn et al. from ETH
Zurich argue that representing all scientific data as nanopublications seems im-
practical and may limit application scope. Accordingly, P. Golden et al. from
UNC Chapel Hill propose that nanopublication assertions should be constructed
based on researchers’ actual needs—useful for target users without excessive
strict standardization that could create complexity and hinder use.
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The core of nanopublication is the assertion, typically derived from claims in
scientific literature. Concept Web Alliance member B. Mons categorizes sci-
entific claims into three types: curated statements (peer-reviewed facts stored
in professional databases like OMIM and UniProt, forming domain ontology
foundations), observational statements (experimental or statistical conclusions
without fixed databases), and hypothetical statements (derived from text mining
or inference, serving as sources for knowledge discovery). Different disciplines
describe and utilize knowledge differently, resulting in varied extracted asser-
tion content. Below, we illustrate distinct characteristics across biomedicine,
history, and sociology.

4.1 Characteristics and Formalization of Biomedical Assertions

Biomedical literature primarily contains scientific conclusions derived from ex-
periments, often expressed as correlations, typically located in conclusions and
mentioned in abstracts. For example, in a 2010 paper by P. Liu et al. from the
University of Washington, the authors used cross-sectional studies to explore re-
lationships between methylenetetrahydrofolate reductase gene polymorphisms
and menarche/natural menopause timing in white women. The abstract con-
tains the claim: “The results of our study suggest that the MTHFR gene may
influence the onset of menarche and natural menopause.”

This claim is first simplified to a logical representation: “MTHFR → in-
fluences → the onset of menarche and natural menopause.” Using the
National Cancer Institute Thesaurus (NCIT), we normalize “MTHFR” to
ncit:MethylenetetrahydrofolateReductase, and use MEDDRA terms
meddra:Menarche and meddra:NaturalMenopause for the physiological phe-
nomena. The DbPedia ontology property dbpedia:influence expresses the
relationship. This yields two RDF triples as the nanopublication assertion,
shown in Figure 5 [Figure 5: see original paper] (Turtle format).

4.2 Characteristics and Formalization of Historical Assertions

Unlike natural sciences, humanities claims are often authors’ empirical opinions
or hypotheses that cannot be experimentally verified. For humanities literature,
we primarily extract theoretical arguments or conclusions, which typically ap-
pear scattered throughout texts as descriptions of characteristics or attributes.
For instance, in a 2010 paper by P. Beaujard from the French National Center
for Scientific Research, the author states: “In China, the political fragmentation
characterizing the period known as Spring-and-Autumn (771BC-481BC) went
along with the development of the craft industry and exchange.”

From this we extract the temporal span claim: China’s historical period “Spring-
and-Autumn” spanned from “771BC” to “481BC”. Here, the temporal entity
“Spring-and-Autumn” is represented as a dbpedia:SpringAndAutumnPeriod in-
stance, the country “China” as dbpedia:China, using DCMI metadata property
dcterms:spatial for spatiotemporal relationships and time ontology properties
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time:intervalStartedBy and time:intervalFinishedBy for temporal bound-
aries, with SKOS property skos:prefLabel for the Gregorian dates “771BC”
and “481BC”. This yields five RDF triples as the assertion, shown in Figure 6
[Figure 6: see original paper].

4.3 Characteristics and Formalization of Social Science Assertions

Social science literature includes two types: theory-based (logical argumenta-
tion) and data-based (experimental). Theory-based papers have diverse struc-
tures without fixed patterns, with conclusions typically being commentary or
recommendations whose complex logic is difficult to reduce to triples. More-
over, nanopublication aims to publish fine-grained scientific knowledge as an
objective knowledge graph, while commentary/recommendations are often too
subjective. Conversely, data-based experimental papers have fixed structures,
objective conclusions, and more easily tripleized results. Therefore, social sci-
ence nanopublications primarily derive from experimental conclusions, usually
located in conclusions and mentioned in abstracts.

For example, in a 2016 paper by M. Lawrence from Middlebury College, the
author used causal inference to explore relationships between parental and chil-
dren’s higher education attainment. The abstract claims: “Results show that
college increases male graduates’ probability of having a child who completes
college.”

This simplifies to two logical representations: (1) College → increases → proba-
bility; (2) The probability → refers to → male college graduates’ child completes
college. Using the Psychology Ontology (APAONTO), DbPedia, Sequence On-
tology (SO), and Medical Subject Headings (MeSH), we normalize entities.
Since “male college graduates” lacks a direct match, we extend APAONTO
by adding subclasses MaleCollegeGraduates and FemaleCollegeGraduates
under CollegeGraduates. We represent “college” as apaonto:College, “male
college graduates” as apaonto:MaleCollegeGraduates, and use MeSH terms
mesh:Probability and mesh:Child. The resulting RDF triples are shown in
Figure 7 [Figure 7: see original paper] (Turtle format).

Cross-Disciplinary Characteristics

Nanopublication applications across these three disciplines reveal several char-
acteristics:

1. Different assertion types: Experimental fields produce curated and ob-
servational statements (in abstracts/conclusions), while non-experimental
fields yield author viewpoints or consensus (location-variable, requiring
cue-word extraction).

2. Different precision levels: Natural sciences describe objective facts
with unique, reproducible conclusions, yielding consistent nanopublica-
tions with minimal conflict. Humanities claims are culturally influenced,
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requiring tolerance for interpretation variance—overly precise constraints
hinder application.

3. Different use cases: Natural sciences, with rapid knowledge updates and
high output, benefit from nanopublications’ minimal-unit rapid publish-
ing for result validation and sharing. Humanities and social sciences can
use nanopublications as a unified format for cultural heritage, financial,
health data, etc., to achieve cross-domain knowledge linking and make
tacit knowledge explicit, with provenance information ensuring data qual-
ity and credibility.

Thus, representing disciplinary claims as nanopublications requires capturing
domain-specific features to construct appropriate nanopublications.

5. Conclusions and Future Work
Nanopublication enables the shift from full-text journal publishing to fine-
grained knowledge unit publishing, independently releasing scientific facts
and conclusions in structured form. Provenance information indicates claim
origins to increase trust, while URIs provide unique identifiers for network
retrieval and citation, potentially reducing infrastructure-based disparities
among researchers worldwide.

However, limitations exist: (1) Publishing conclusions as nanopublications re-
quires manual construction, yet researchers prefer natural language expression,
and the tedious construction process outweighs benefits for most scientists; (2)
Nanopublications cannot resolve assertion conflicts—they faithfully represent
literature conclusions but cannot adjudicate correctness when authors disagree;
(3) Nanopublications formalize conclusion statements but cannot represent the
argumentative process through citations, experimental data, or methods, pre-
venting experimental replication based solely on nanopublications.

Future work will explore nanopublication applications in social sciences to ex-
pand its scope. Given these limitations, we plan to develop a new semantic
publishing model combining nanopublication with other models to semantically
represent not only scientific conclusions but also their original sources and ar-
gumentative processes, thereby enhancing credibility and effectiveness.
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