The Challenges Associated with Developing Data Collections to Support Modelling of Nanomaterial Effects
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Identifying References with Relevant Data

Introduction
• The NanoPUZZLES EU project is one of a number
of activities funded by the European Commission to
develop a set of computational resources for
predicting the toxicological effects of
nanomaterials.
• The project is investigating category
formation/grouping of “similar” nanomaterials, to
enable “read-across” predictions, and developing
(Q)SAR models/modelling approaches.
• Both kinds of modelling approach require high
quality data available in a suitable electronic
format.
• Data are being collected and will be submitted to an
appropriate, publicly available, searchable online
database at the end of the project.
• In developing this data collection, a number of
challenges are being addressed in order to
achieve the ultimate goal of providing a searchable,
high quality data collection to modellers.
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• Primary experimental, English language references investigating cytotoxicity and genotoxicity
of nanomaterials were searched for using the Web of Knowledge and also identified via earlier
work within the NanoPUZZLES and NanoBRIDGES EU projects.
• The most recent articles were prioritised and articles being curated within other EU projects were
not considered to avoid duplication of effort.
• Of the 264 references considered to date, 163 accessible, primary experimental journal
articles (published 1996-2014) and one scientific report (NanoCare Project, 2009) were
identified which assessed nanomaterials for at least one of the two endpoints noted above.
• Of the 164, most references only reported studies for a few nanomaterials, which might limit
their usefulness for supporting modelling.
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http://www.nanopuzzles.eu/

The Need for Standardised Terms

• It is important to ensure data are recorded in a universally consistent
fashion e.g. to avoid inconsistencies due to synonyms (left hand side
image below).
• Therefore, data extracted from the literature are being identified using
terms from ontologies, retrieved using BioPortal [1].
• Selecting appropriate terms remains a challenge due to inconsistent
definitions of terms (right hand side image below) and
incompleteness of existing ontologies.
• The ontologies and ontology terms being used within NanoPUZZLES
are recorded using the data collection templates based upon ISA-TABNano (see below).
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Data Collection Templates Based on ISA-TAB-Nano

Data Quality and Usefulness Criteria
• Earlier work by Lubinski et al. [2] suggested that at least 10 data points, from
a single source, are required for (Q)SAR modelling: as the literature survey
(above) illustrates, achieving this criterion in practice is a challenge.
• Additional quality and usefulness criteria are being developed.
• Quality scores for physicochemical/structural (meta)data, similar to the
Nanomaterial Registry “compliance levels” [3], have been developed with
points assigned to items of (meta)data based on the following criteria.
• “Completeness”. All else being equal, the quality of the (meta)data is
higher if more items of relevant (meta)data are reported.
• “Standardisation”. Where possible, terms should be taken from
ontologies.
• “Precision”. Nanomaterial structures can be specified to varying degrees
of “precision”, e.g. “dextran coat” vs. “hydrocarbon coat”: more “precise”
descriptions are more valuable.
• “Quality assurance”. Those (meta)data which have been checked for
errors can be considered of higher quality.
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• Data collection templates were developed based upon a proposal for a global standard for nanomaterial data exchange: ISA-TAB-Nano [4,5].
• These templates were created in Excel and Python code is being developed to allow the data to be uploaded to online databases and read into
modelling software e.g. KNIME (www.knime.org).
• Columns/rows were pre-defined based upon relevant items of (meta)data capturing key physicochemical measurements, toxicological data and
experimental conditions.
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Conclusions
• Obtaining suitable data for modelling nanomaterials’ effects from the public literature requires a
number of challenges to be addressed.
• Most publications only assess a small number of materials – which may restrict our ability to
develop models.
• Standardised recording of data is being addressed.
• Careful attention needs to be given to which (meta)data need to be recorded and how to record
these (meta)data to support database development and modelling.
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