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GLOSSARY 
 

Abbreviation / acronym Description 

SPARQL 
SPARQL Protocol is an RDF query language, that is, a semantic 
query language for databases 

RDF 
Resource Description Framework (RDF) 
https://www.w3.org/RDF/ 

API Application Programming Interface 

  

https://www.w3.org/RDF/
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1. EXECUTIVE SUMMARY 
The eNanoMapper prototype database, described in the eNanoMapper report “Technical specification 
and initial implementation of the protocol and data management web services” (2015), was extended 
with new search functionality: chemically-aware search, several options for searching experimental data, 
semantic search including SPARQL endpoint free text search, supported by eNanoMapper ontology and 
annotated database entries.  The types of the new queries are informed by the list of scientific questions 
identified through the requirements analysis and during the eNanoMapper ontology working meetings. 
Test and public instances of the prototype database are available at http://apps.ideaconsult.net/enmtest 
and http://data.enanomapper.net respectively. The data content of http://data.enanomapper.net has 
been updated. The configurable parser, enabling the import of data stored in spreadsheet templates, was 
enhanced with new capabilities. ISA-Tab import and export implementation is ongoing, based on a new 
version of the ISA-Tab specification with JSON schemas, published by the ISA team at the University of 
Oxford e-Research Centre. The schema and code for parsing and generation of ISA files are under active 
development and available on GitHub, including an ISA-Nano extension developed by eNanoMapper work 
supporting database develoment. The database Application Programming Interface (API) and search 
functionality are used by visualization (JavaScript) and modelling (R) packages, described in this report. 
The database API and content is also being used by the modelling prototype, currently under development 
within eNanoMapper. 
  

http://apps.ideaconsult.net/enmtest
http://data.enanomapper.net/
http://data.enanomapper.net/
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2. INTRODUCTION 
This report introduces new and extended functionalities of the eNanoMapper prototype 
database first described in the eNanoMapper report on “Technical specification and initial 
implementation of the protocol and data management web services” (D3.1, 2015). The database 
provides support for upload and search for nanomaterials and experimental data through a REST 
web services Application Programming Interface (API) and a demonstration web browser 
interface. In addition to the search API for experimental data and chemical structure search 
modules, new modules providing different types of queries are implemented. The types of the 
new queries are informed by the list of scientific questions identified through the requirement 
analysis and during the eNanoMapper ontology working meeting held in May 2015. Free text 
search extensions were developed, including free text search with query expansion based on the 
eNanoMapper ontology and annotated database entries with an indication of the relevance of 
the hits. All data in the database is targeted for annotation with relevant ontology entries from 
the composite eNanoMapper ontology. A SPARQL endpoint has been launched at 
https://purl.enanomapper.org/test/ and initialized with eNanoMapper ontology entries. 

Test and public instances of the prototype database have been deployed at 
http://apps.ideaconsult.net/enmtest and http://data.enanomapper.net respectively. The data 
content was updated and extended. The configurable parser, described in D3.1, enabling import 
of the data stored in the NSC spreadsheet templates, has been extended with new features. The 
prototype database is also being used by the modelling prototype, currently under development 
within the modelling workpackage (WP4). 

The export formats are being extended with the new ISA JSON format, following the new ISA 
specification. During the ontology working meeting held at the EMBL-EBI in Hinxton in May 2015, 
we discussed in details the eNanoMapper requirements and the current developments of ISA-
Tab and ISA-Tab-Nano with the core ISA-Tab developers from Oxford University. In October 2015 
the ISA-Tab team published a new version of the ISA-Tab specification, based on JSON schemas1. 
The schema and code for parsing and generation of ISA files are under active development and 
available on GitHub. The new ISA specification was discussed during an eNanoMapper - ISA team 
teleconference (3 Nov 2015) and the first ISA Working group teleconference (9 Dec 2015). While 
the initial approach for eNanoMapper to provide ISA-Tab-Nano support was to extend the 
ISAcreator tool2, we have revised the strategy towards using the new ISA JSON schema and 
developing an ISA-Nano extension. We have also been in close contact with the US NANO 

                                                           
1 https://github.com/ISA-tools/isa-api/tree/master/isatools/schemas  
2 https://github.com/enanomapper/ISAvalidator-ISAconverter-BIImanager  

https://purl.enanomapper.org/test/
http://apps.ideaconsult.net/enmtest
http://data.enanomapper.net/
https://github.com/ISA-tools/isa-api/tree/master/isatools/schemas
https://github.com/enanomapper/ISAvalidator-ISAconverter-BIImanager
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Working Group and provided comments to the challenges of NM data representation in ISA-Tab-
Nano, identified within the FP7 NanoPUZZLES (http://nanopuzzles.eu/) project. 

3. DATA MANAGEMENT SYSTEM WITH 

EXTENDED SEARCH CAPABILITIES 
 

3.1 SCIENTIFIC QUESTIONS 
The types of the new queries are informed by the list of scientific questions identified through 
the requirements analysis and during the ontology working meeting in May 2015. This list is 
currently used as repository for desired functions (to solve scientific questions) the 
eNanoMapper database should provide. A paper about the implementation of these functions 
into the database is currently in preparation. Some of the scientific questions and the 
implemented functions are given below. General questions for nanomaterial information filtered 
by e.g. size, material and available endpoint data have already been implemented. Pathway 
related functions, e.g. search for biological pathways affected by a certain nanomaterial, are 
currently under development. The questions involving computational modelling are subject of 
WP4 and are not described here. 
 

Examples for scientific questions concerning nanomaterial properties and how they are 
solved using the eNM database: 

1. How genotoxic is a certain nanomaterial? 
The eNM database offers the possibility to search for genotoxicity assays (e.g. Search for 
Endpoint = Genotoxicity) and by filtering the offered results for this nanomaterial (e.g. 
name, UUID, substance type, publication/DOI, etc.) the available results are presented 
(Figure 1). 

 

http://nanopuzzles.eu/
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Figure 1. Search function example in the eNM database for genotoxicity of MWCNT. 

2. How can we merge data from different assays/cell lines? 
Merging several assays (including similar experiments) and showing their results on the 
same screen is available via endpoint search (see Figure 2). It is possible to filter the results 
for general terms like cell viability or cytotoxicity which include a variety of different 
assays - but with the same result. The list is dynamic and the number and the specificity 
of the assays in the list depend on how the imported data was annotated. For example 
the data from the FP7 MARINA project provided by KI was annotated as LDH release 
assay, which is one of the most abundant assays for cell viability/cytotoxicity assessment. 
With more (properly annotated) data being imported, the list will extend automatically. 
This function will give all available studies in the eNanoMapper database which 
investigate cell viability which was measured by LDH assay.  
 



 

eNanoMapper 604134 7 March 2016 DELIVERABLE 
REPORT D3.2 

Page 9 of 29 

 

 
Figure 2. Endpoint search gives the possibility to search via phys/chem or toxicology endpoints. For cell viability assays the 
suitable search terms cytotoxicity, cell viability and LDH release assay are currently available as filter functions. 

The filter functions in the hit list are currently limited to the textual information available 
in the table (i.e. substance names and study owners, external identifiers). Desirable would 
also be terms which allow filtering and ranking for quality measures like data size, data 
completeness, and date of data production (or publication). The derived results can be 
downloaded in the form of JSON or CSV files for further application. These additional 
types of search (publication date, different types of filtering) are now supported via free 
text search application, described in the eNanoMapper report on “User application for 
searching and downloading eNanoMapper data (D5.5). 
 

3. Give us all nanomaterials of a certain size/core material/linkers 
Query for size and material: “search by phys/chem properties” and select size to get all 
available studies which give size information. Different types of search, including size or 
range of endpoint results has been described in the publication (figure 14 in [1]). For 
identifying nanomaterials by core, shell or linker material, the function searching 
“nanomaterials by composition” can be used (figure 13 in [1]). The hits are labelled (e.g. 
core or shell), but the user interface doesn’t have an option to specify a filter at the time 
of the query. Such filtering will be added in future, as it is already supported by the API. 

 
The scientific questions addressed by the database allow the creation of datasets that can serve as input 
to the eNanoMapper modelling infrastructure. The user can then apply the services and algorithms 
described in the eNanoMapper report on “nQSAR Modelling infrastructure“ (D4.3) in order to analyze the 
data, identify key parameters, generate predictive models and gain insight on the relationships between 
nanoparticles and their adverse effects. 
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3.2 EXTENDED SEARCH FUNCTIONALITIES 
The eNanoMapper data API offers access to a variety of searches by substance identifier, any 
combination of measurement endpoints, and/or chemical structure (Figure 6 in [1]). The 
overview of the eNanoMapper database architecture, supporting different format conversion 
and search technologies is shown on Figure 3. 
 

 
Figure 3. Architecture Overview. 

 

3.2.1 ENDPOINT SEARCH 
The search by endpoints is illustrated in the Scientific Questions section above (3.1) and screenshots are 
also shown in Figure 1 and Figure 2 in the eNanoMapper database publication [1]. 
 

3.2.2 CHEMICAL SEARCH 
The chemical similarity search in the eNanoMapper prototype database enables querying by a 
chemical structure of a NM component and highlighting the results as a core, coating or 
functionalisation component (Figure 13 in [1]). The API is tightly integrated with a chemical 
structure and chemical similarity search , as described in [1]. The reason for the wide adoption 
of the similarity approach in cheminformatics is the assumption of the “similarity property 
principle” or “neighbourhood behaviour”, namely that “similar compounds should have similar 
properties”. This principle puts the chemical similarity at the core of methods and tools 
supporting property prediction, structure–activity relationship, chemical database screening, 
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virtual screening in drug design, and diversity selection. The similarity assessment based on 
structure analogy is the basis of read across and chemical grouping for chemical substances. The 
pros and cons of the approach have been reviewed by multiple researchers; we give a brief 
summary in the “chemical search” section of the publication [1]. In the context of nanosafety 
assessment there is not yet a standardized approach for NM similarity; however a number of 
attempts for NM grouping and read across have been published recently. As chemical search is 
typically provided by chemical structure databases, but not specialized nanomaterial databases, 
we are not aware of another publicly available database solution supporting both nanomaterial 
composition and chemical aware search. 
 

3.2.3 SEMANTIC SEARCH 
 

3.2.3.1. SPARQL ENDPOINT 
A SPARQL endpoint deployed at https://purl.enanomapper.net/sparql/ has been established and 
can be accessed by SPARQL queries using the standard SPARQL HTTP query protocol. The 
endpoint is based on the RDF database software 4store3. 4store is open source software available 
under the GNU General Public License, version 3. Access control to the endpoint is implemented 
with the Apache webserver LDAP module. The webserver can directly use the eNanoMapper 
user-database to authenticate users and allow access to project members. SPARQL queries can 
be requested by a graphical interface at https://purl.enanomapper.net/test/ or by REST calls 
(e.g.: via the command line tool curl) at https://purl.enanomapper.net/sparql/. Dependent on 
the SPARQL query form, different output formats are available. SELECT queries can return XML, 
JSON and n-triples. CONSTRUCT queries return RDF and turtle format. 
The full eNanoMapper ontology data is imported into the RDF store. A method to synchronize 
RDF store content with new eNanoMapper ontology development, held at 
https://github.com/enanomapper/ontologies, is also introduced. As a first testing data, 
NanoWiki substance and compounds data were successfully imported into the SPARQL endpoint. 
A simple SPARQL query example carried out with the curl command line tool is: 
curl -Lk -u user:password -H 'accept:application/rdf+xml' -d 'query=CONSTRUCT {?s ?p 

?o.}  FROM <http://purl.enanomapper.org/onto/internal/endpoints.owl> WHERE {?s ?p ?o. 

FILTER isURI(?s).}' https://purl.enanomapper.org/sparql/ 
 

3.2.3.1. ONTOLOGY SUPPORTED FREE TEXT SEARCH  
Initially, a feasibility setup of a free text search with query expansion based on the eNanoMapper 
ontology v.1 and annotated database entries was implemented via MySQL free text search 
engine and illustrated in Figure 1 in [1]. Subsequently, the same approach of using the ontology 
(version 2 released Sep 2015) as a list of synonyms and query expansion was implemented using 

                                                           
3 4store RDF database http://4store.org 

https://purl.enanomapper.net/sparql/
https://purl.enanomapper.net/test/
https://purl.enanomapper.net/sparql/
https://github.com/enanomapper/ontologies
http://4store.org/
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Apache Solr 4 as a search engine. The user application is described in the eNanoMapper report 
“User application for searching and downloading eNanoMapper data “ D5.5.  
 

3.3 ISA-TAB-NANO SUPPORT 
ISA (Investigation-Study-Assay) is a general purpose multi-layer platform for description of 
complex meta-data needed for the interpretation of experiments developed by S. Sansone’s 
group at the University of Oxford e-Research Centre [2]. ISA includes three major layers: 
Investigation, Study and Assay where the actual experimental readouts are stored in an 
additional data layer. Since the ISA version 1 published in 2008, the ISA platform implementation 
relies on tab delimited text files and the file format representation is known as ISA-Tab.  
 
The ISA-Tab-Nano project is an effort of the National Cancer Institute (NCI), National Cancer 
Informatics Program (NCIP) and Nanotechnology Informatics Working Group (US Nano WG). The 
ISA-Tab-Nano extension [3], includes an additional material file within the study layer, which is 
used for the description of the NM composition and nominal NM characteristics (size, shape, as 
reported by the manufacturer). 
 
Support for ISA-Tab import and export is an ongoing activity in WP3, in close collaboration with 
the ISA-Tab and ISA-Tab-Nano developers at the University of Oxford e-Research Centre and the 
US Nano WG. We have also provided comments to the challenges of NM data representation in 
ISA-Tab-Nano, identified within the NanoPUZZLES project [4].  
 
During the eNanoMapper hackathon at EBI (May 2015) the ISA-Tab team (Philippe Rocca-Serra, 
Alejandra Gonsalez-Beltran) shared their plans to migrate to a new ISA-JSON format as well as 
the planned development of a new ISA version 2. The ISA v2 is based solely on JSON, where the 
backward compatibility with the ISA v1 and ISA-TAB format will be preserved via ISA-tools project 
utilities (Figure 4). The new specification was extensively discussed and worked on during the ISA 
hack_the_spec-athon, an ELIXIR-UK Node5 event (July 20 , 2015), organised and hosted at the 
University of Oxford, with remote eNanoMapper participation (E. Willighagen, N. Jeliazkova). The 
eNanoMapper WP3 Database team was intensively involved in the consultations for the new 
developments of the ISA platform. 
 

                                                           
4 http://lucene.apache.org/solr/  
5 ELIXIR-UK Node (http://elixir-uk.org/node-events/201cisa-as-a-fair-research-object201d-hack-the-spec-event-1 ). 

ISA is also an interoperability component from the UK Node contributing to ELIXIR-EXCELERATE platform for 
integration of data and services (http://elixir-uk.org/interoperability-infrastructure ) 

http://lucene.apache.org/solr/
http://elixir-uk.org/node-events/201cisa-as-a-fair-research-object201d-hack-the-spec-event-1
http://elixir-uk.org/interoperability-infrastructure
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Figure 4. ISA tools GitHub repository 

 

While the new ISA specification is still not officially released at the time of writing this report, the 
ISA team shared with eNanoMapper (21 Oct 2015) all the important documents (ISA model 
version 1.0 - ISA JSON Schemas and JSON representation, ISA 2.0 specifications normative 
documentation), schemas and code (Figure 4), and these new developments were discussed in a 
dedicated eNanoMapper - ISA team meeting in November. Both teams are in close contact since 
and the communication is documented via the ISA-tools issue tracker (Figure 4).  
 
The new ISA format is labelled ISA-JSON version 1 and uses JSON instead of tab delimited files as 
a more flexible and efficient way to store the experimental meta-data. The ISA-JSON specification 
is based on a set of JSON schemas used to validate the syntactical and logical correctness of the 
ISA-JSON information. It distinguishes between core components and extensions; for example, 
the support for nanomaterials is considered an extension. 
 
Every JSON schema (Figure 5, Figure 6) describes an object, representing a specific component of 
the ISA platform (i.e. investigation, study, factor, etc.). The schemas are available at  
https://github.com/ISA-tools/isa-
api/tree/master/isatools/schemas/isa_model_version_1_0_schemas/core. 
 
The ISA-JSON version 2 is not complete and is under active development. The latest core 
schemas are available at https://github.com/ISA-tools/isa-
api/tree/master/isatools/schemas/isa_model_version_2_0_schemas . 
 

https://github.com/ISA-tools/isa-api/tree/master/isatools/schemas/isa_model_version_1_0_schemas/core
https://github.com/ISA-tools/isa-api/tree/master/isatools/schemas/isa_model_version_1_0_schemas/core
https://github.com/ISA-tools/isa-api/tree/master/isatools/schemas/isa_model_version_2_0_schemas
https://github.com/ISA-tools/isa-api/tree/master/isatools/schemas/isa_model_version_2_0_schemas
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Figure 5. ISA JSON v1 schema 
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. 

 
Figure 6. JSON schema for Investigation (corresponds to the ISA-TAB Investigation file) 

 

We developed a working prototype of an export utility from the eNanoMapper database to ISA-
JSON format version 1 (see section 3.3.2). The export utility is designed to allow at least two 
options - export to ISA-JSON version 1 only (with composition information stored as experimental 
data), and ISA-JSON v1 with nanomaterial extension (analogous to ISA-TAB-NANO format). In 
case that export to the old ISA-TAB format is needed, ISAtools can be used to convert from ISA-
JSON to ISA-TAB and back. 
 

3.3.1 MATERIAL SCHEMA 
We are currently working on a new Substance/Material JSON schema (Figure 7), which will 
become a NanoMaterial extension of ISA-JSON v1, the counterpart of the ISA-Tab-Nano format 
(see section 3.3.1). The schema is available at the enanomapper/isa-api GitHub6 repository which 
is a fork of the isa-api project, part of the ISA-tools. The schema is developed within close 
collaboration and consultations with the core ISA-Tab team and the US Nano WG and will be 
merged with the original isa-api repository when finalised.  
 

                                                           
6 https://github.com/enanomapper/isa-api/tree/master/tests/data/nano 

https://github.com/enanomapper/isa-api/tree/master/tests/data/nano
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The objective of the new Material/Substance schema developments is to allow specification of 
the nominal characteristics of the NMs, their components and relationships (linkage, coating). 
The intention of the schema is to be sufficiently generic to allow specifying the composition of 
chemical substances, as nanomaterials are considered a special case of chemical substances, as 
described in the eNanoMapper report “Technical specification and initial implementation of the 
protocol and data management web services“ D3.1. and publications [5],[1]. 
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Figure 7. Material schema excerpt (corresponds to ISA-Tab-Nano material file) 

 

3.3.2 ISA-JSON EXPORT 
The export to ISA-JSON requires mapping between the internal eNanoMapper data model and 

the ISA data model (Figure 8). The eNanoMapper data model is exemplified by its Java 

implementation and JSON serialization, described previously. The ISA data model is defined by 

the ISA-JSON v1 schemas. In order to provide a convenient means for working with the ISA data 

model, Java classes are generated from the ISA-JSON schema using 

http://www.jsonschema2pojo.org/ and custom refactoring tools. The generated classes are 

available as an open source ambit-export package7,8.  

 

 

 
Figure 8. Overview of the format conversion workflow 

 

                                                           
7 https://svn.code.sf.net/p/ambit/code/trunk/ambit2-all/ambit2-apps/ambit2-export/ (code) 
8 http://ambit.uni-plovdiv.bg:8083/nexus/#nexus-search;quick~ambit2%20export (Maven artifact) 

http://www.jsonschema2pojo.org/
https://svn.code.sf.net/p/ambit/code/trunk/ambit2-all/ambit2-apps/ambit2-export/
http://ambit.uni-plovdiv.bg:8083/nexus/#nexus-search;quick~ambit2%20export
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The main class used to export eNM data into ISA-JSON version 1 is class ISAJsonExporter1_0 

(Figure 9). An example usage is illustrated as follows: 

 

ISAJsonExporter1_0 exporter = new ISAJsonExporter1_0(records, outputDir,  

exportConfig,  endpointBundle); 

exporter.export(); 

 System.out.println(exporter.getResultAsJson()); 

 

The exporter is configurable since both the eNanoMapper data model and the ISA platform are 

complex and various mappings are possible. A default configuration is provided.  
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Figure 9. Java classes for representing ISA object and enabling export to ISA 

 

The java code is based on a set of Java classes generated from ISA-JSON version 1 schema (Figure 

9, right). The Java classes allow to conveniently represent the ISA in an object-oriented fashion 

where each JSON-schema has a corresponding java object (Figure 10). 

 
 

Figure 10. Java classes representing ISA objects  

 
 

3.4. CONFIGURABLE EXCEL PARSER  
 

We have previously reported (D3.1, [1]) the development a configurable Excel parser 
(https://github.com/enanomapper/nmdataparser), enabling import of NanoSafety Cluster Excel 
templates. The configuration metadata for the parser is defined in a separate file, mapping the 
custom spreadsheet structure into the internal eNanoMapper storage components (Figure 11). 
The NMDataParser uses a JSON configuration with a syntax that includes several basic JSON 
sections: DATA_ACCESS, PARALLEL_SHEETS, SUBSTANCE_RECORD, PROTOCOL_APPLICATIONS, 
EFFECTS, REPOSITORY. 
 

https://github.com/enanomapper/nmdataparser
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Figure 11. Overview of the Excel Parser supporting NanoSafety Cluster templates  

The NMDataParser functionality was extended to support block of effects. The typical study 
consists of measurements with varying experimental factors, as in the dose response data 
recorded in the FP7 MARINA project Excel templates and illustrated at Figure 12. The TNF-α 
(Tumor necrosis factor alpha [ng/ml]) assay is performed using 3 replicates and 8 concentrations 
of titanium dioxide.  

 
 
Figure 12. Excel data templates with measurements grouped in blocks of values and corresponding conditions being varied.   

 

The extension allows to describe the entire block and to avoid enumerating each combination of 
the condition values. A new JSON section EFFECT_BLOCKS is introduced, which can be used to 
configure the simultaneous reading of many effects, grouped in blocks of measurement values 
according to the variations of the experimental factors.  
 
"EFFECTS_BLOCK": 
 { 
    "LOCATION":  

{ 
 "ITERATION": "ABSOLUTE_LOCATION", 

   "IS_ARRAY": true, 
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"TRIM_ARRAY": true, 
                  "SHEET_INDEX": 3, 

"COLUMN_INDEX": "B", 
"ROW_INDEX": 4 

}, 
"ROW_SUBBLOCKS": "= TimePoints.size()", 
"COLUMN_SUBBLOCKS": "= Replicates", 
"SUBBLOCK_SIZE_ROWS": "= C.size() + 3", 
"SUBBLOCK_SIZE_COLUMNS": 4, 
"VALUE_GROUPS": [ 
{ 

"NAME": "=Assay_endpoint", 
"UNIT": "=Outcome_metric", 
"START_COLUMN": 3, 
"END_COLUMN": 3, 
"START_ROW": 3, 
"END_ROW": "=3 - 1 + C.size()", 
"PARAMETERS":  
[ 

{ 
"NAME": "Time point", 
"ASSIGN": "ASSIGN_TO_SUBBLOCK", 
"COLUMN_POS": 1, 
"ROW_POS": 2, 
"MAPPING": "Time", 
"UNIT" : "h" 

}, 
{ 

"NAME": "Replicate", 
"ASSIGN": "ASSIGN_TO_SUBBLOCK", 
"COLUMN_POS": 1, 
"ROW_POS": 1 

}, 
{ 

"NAME": "Concentration", 
"ASSIGN": "ASSIGN_TO_VALUE", 
"COLUMN_POS": -1, 
"ROW_POS": 0, 
"UNIT" : "µg/ml" 

} 
] 

                 } 
] 

 } 
 

The LOCATION section defines the upper left corner of the effect block. The effect block is divided 
to a number of sub-blocks according to the keywords ROW_SUBBLOCKS and 
COLUMN_SUBBLOCKS. Taking into account the number of sub-blocks along both axes and the 
sub-block sizes, the size of the entire effect block is obtained. Within each sub-block, one or more 
groups of values are defined by means of section VALUE_GROUPS. Accordingly each value group 
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spans several effect measurements where for each effect one or more conditions are varied via 
keyword PARAMETERS. 
 

3.5 DATABASE CONTENT UPDATES 
The initial eNanoMapper database content as published in D3.1 was further updated with in vitro 
data, generated by partner KI within the FP7 MARINA project data, as described in D5.4. The 
ModNanoTox data described in the eNanoMapper report “User application for importing 
NanoSafety Cluster data“ (D5.4) is still not online due to the request by the former ModNanoTox 
team to delay the public access to this dataset until the data is published in the peer reviewed 
literature. 
 
Since July 2015 the database content was updated with a new version of NanoWiki and the 
modelling dataset compiled by the FP7 MODENA project, which was publicly released after the 
end of the MODENA project. The version of the MODENA dataset, properly formatted and its 
JSON configuration is also available at the nmdataparser Github repository9. A subset of the 
MODENA dataset was used for the data uploading exercise used during the eNanoMapper hands 
on workshop held in Basel in Feb 2016.  
 
NanoWiki [6] has been updated to release 2 [7]. This release adds some Linked Data features, the 
concept of bundles, materials from other data sets (Sigma-Aldrich, JRC Representational 
Materials, Crystallography Open Database, ArrayExpress). The data now describes 400 
nanomaterials with over 800 measurements (physchem and bioassay data). 
 

Datasets Materials Chemical structures 

NanoWiki 389 74 

OECD Harmonized Templates import test 1 1 

Protein Corona dataset 121 65 

In Vitro data from FP7 MARINA project (KI) 6 3 

Sigma-Aldrich Products 7 1 

JRC Representative Nanomaterials 51 7 

Crystallography Open Database 6 6 

ArrayExpress 9 3 

MODENA 61 27 
Table 1. Datasets (bundles) with statistics of data.enanomaper.net content 

                                                           
9 
https://github.com/enanomapper/nmdataparser/tree/master/src/test/resources/net/enanomapper/parser/xlsx/
modena  

https://github.com/enanomapper/nmdataparser/tree/master/src/test/resources/net/enanomapper/parser/xlsx/modena
https://github.com/enanomapper/nmdataparser/tree/master/src/test/resources/net/enanomapper/parser/xlsx/modena
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Links to omics data in ArrayExpress (https://www.ebi.ac.uk/arrayexpress/) have been added to 
the database, through the addition of metadata on a dataset on multi-walled carbon nanotubes 
[8]. In addition, physicochemical and cytotoxicity data from another related publication [9] will 
be added to the eNM database. 
 
A new data transfer between FP7 NANoREG and eNanoMapper (WP3) was completed Jan 22, 
2016. The data was provided by the Prof. Bengt Fadeel lab (Karolinska Institutet, NANoREG WP5), 
containing cytotoxicity assessment of the entire panel of NANoREG nanomaterials (19 materials  
from the JRC nanomaterial repository). The data transfer follows the current practice of starting 
a discussion on the data content (over email or teleconference) between eNanoMapper WP3 and 
the data provider. The purpose of this interaction is to exchange information on all metadata, 
which is not explicitly provided in the files transferred (i.e. protocol metadata). After the 
discussion, a JSON configuration accompanying the Excel input file is created and a test import is 
performed. The data provider is invited to comment. This step could be iterative, refining the 
JSON configuration file and possibly receiving new information by the data provider. In the case 
of the data provided by Prof. Bengt Fadeel, it will be shortly uploaded into the database, but will 
not be publicly accessible until permission is obtained by the data providers. 
 

https://www.ebi.ac.uk/arrayexpress/


 

eNanoMapper 604134 7 March 2016 DELIVERABLE 
REPORT D3.2 

Page 24 of 29 

 

 
 

Figure 13. Bundles overview   

Figure 13 shows a screenshot of the data bundles currently online at http://data.enanomapper.net.  
 

http://data.enanomapper.net/
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3.6 CLIENT SOFTWARE 
3.6.1 JAVASCRIPT CLIENTS 
To further demonstrate the use of the eNanoMapper API for query and visualisation we have 
developed a series of example web pages (HTML) using the JavaScript d3.js library10. This library 
has been used for a wide variety of visualisations (as can be seen on their website), and here used 
to summarize some of the data in the database. To simplify the interaction with the 
eNanoMapper API, a JavaScript client library, ambit.js, was written to allow asynchronous calls 
to the web service [10][10.5281/zenodo.16517]. However, because the d3.js methods require 
the data to be provided in a specific JavaScript object, the JSON returned by the API has to be 
converted to a structure understood by the d3.js library. The sources of the examples presented 
here are available from the ambit.js project page at http://github.com/enanomapper/ambit.js/. 
The source code and documentation of the ambit.js library are available at the same location. 
 
The ambit.js JavaScript client was described in the [1] publication along with a number of 
visualization examples. A new example was created that combines one of the earlier examples 
with look up of ontology term labels separately as shown in Figure 14. 
 

 
Figure 14. Output of one of the new ambit.js code examples , http://enanomapper.github.io/ambit.js/example11.html  

The JavaScript visualization was further used. For the eNanoMapper workshop in Basel (Feb 
2016), web pages were created to demonstrate the functionality. These pages give an overview 
of the amount of data available in the data.enanomapper.net instance. An example for titanium 
dioxide is given in Figure 15, which can be accessed at 
http://enanomapper.github.io/enmSummaries/titaniumoxide.html. 
 

                                                           
10 https://d3js.org/  

http://github.com/enanomapper/ambit.js/
http://enanomapper.github.io/ambit.js/example11.html
http://enanomapper.github.io/enmSummaries/titaniumoxide.html
https://d3js.org/
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Figure 15. Webpage summarizing data in data.enanomapper.net for TiO2 using the ambit.js client library and d3.js  

3.6.2 R ENVIRONMENT 
An R package has been developed, available from GitHub at 
https://github.com/enanomapper/renm, that allows querying an eNanoMapper data server, for 
example http://data.enanomapper.net/ and downloading data on nanomaterials found in this 
data server. An example bit of R code looks like: 
 
substances = listSubstances("http://data.enanomapper.net/") 

info = substanceInfo( 

  paste(“http://data.enanomapper.net/substance/", 

        “NWKI-71060af4-1613-35cf-95ee-2a039be0388a", sep=””) 

) 

experiments = info$protocol 

info$effects[[1]] 

 

https://github.com/enanomapper/renm
http://data.enanomapper.net/
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3.6.3. FERRET.AI 
Ferret.ai is an independently developed Chrome browser add-on that uses the eNanoMapper API 
to query http://data.enanomapper.net/ for data from a particular publication, using the DOI of 
that publication. In the browser sidebar created by the add-on, queries like this are used to link 
out to databases that have data from that paper. Version 0.5.7 is the first to support the 
eNanoMapper API. 
 
 

 
Figure 16. Webpage of a nano paper in the Beilstein Journal on Nanotechnology. The add-on creates a side bar on the right 
side, showing a link out to the eNanoMapper database, indicating seven of the materials from this paper are found in the 

database. 

 
  

http://data.enanomapper.net/
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4. CONCLUSIONS 

The eNanoMapper prototype database is publicly available at http://data.enanomapper.net. We 
have demonstrated the integration of data from multiple sources, using the common data model 
and API defined previously in the eNanoMapper report “Technical specification and initial 
implementation of the protocol and data management web services“ (D3.1). New search 
functionalities have been implemented, including semantic search and free text search, 
supported by ontology annotated database entries. The database web application software is an 
extension of an existing open source project and available for download at 
http://ambit.sourceforge.net/enanomapper.html. The demonstration data provided by 
eNanoMapper partners illustrates the capability of the associated REST API to support a variety 
of tests and endpoints, recommended by the OECD Working Party of Manufactured 
Nanomaterials. We continue to maintain and extend the eNanoMapper database functionality 
and content, taking into consideration the feedback and new sets of data received. The data 
import supports a variety of NanoSafety cluster Excel templates via a configurable parser. ISA-
Tab import and export is an ongoing activity, now based on a new version of the ISA specification, 
developed and extended within active collaboration with ISA-TAB and ISA-TAB-Nano users and 
developers. The next WP3 deliverables are: D3.3 (Modules and services for linking and 
integration with third party databases) and D3.4 (ISA-Tab templates for common bioselected set 
of data), due in M33 (end of October 2016). The work on both tasks is ongoing.  The sets of 
templates will be based on existing Nano Safety cluster templates, selected with collaboration 
with respective template developers, and annotated with ontology terms by eNanoMapper and 
automatically converted to ISA-JSON. 

  

http://data.enanomapper.net/
http://ambit.sourceforge.net/enanomapper.html
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