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Background

Chemicals can only be put on the market if they are deemed safe both for humans and the environment.
This registration process involves extensive animal testing. For instance, in ecotoxicology, the tests are
mainly carried out on fish, crustaceans and algae. Given the evident ethical and economical concerns
of animal testing, several approaches are taken to reduce it, summarized under the term New Approach
Methods (NAMs). Some NAMs are based on Quantitative Structure Activity Relationship (QSAR)
models, which are widely used in cheminformatics to predict activities or properties of chemicals based
on their structure.

In the MLTox project, we focus on predicting toxicity, more specifically acute mortality of fish,
crustaceans, and algae using in vivo experimental data. To foster comparability across studies that
predict ecotoxicological outcomes a common dataset was needed. Hence, we created the ADORE
dataset, which is based on the ECOTOX database and also contains species-specific and taxonomic
information [3]. The response variable for mortality is the lethal concentration 50 (LC50), i.e., the
concentration at which half of a population dies. Currently, we are developing machine learning models
to predict LC50 that integrate chemical, species-related and experimental features.

Figure 1: The TARDIS concept. Figure from Hanser et al. [1]
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To be considered for chemical hazard assessment in the regulatory process, QSAR models need to
be validated. Within the so-called applicability domain (AD), QSAR models are valid which means
that they have reasonable predictive ability. The OECD defines AD as ”the response and chemical
structure space in which the model makes predictions with a given reliability” [2]. There exist several
approaches to determine the AD, of which one is summarized under the acronym TARDIS which
stands for transparency, applicability, reliability, decidability, interpretability and support (Figure 1).
Two classes of AD can be distinguished, where the first focuses on the feature space and the second
class includes the response value [4].

A better understanding of AD is not only relevant in ecotoxicology but can be applied to every
model using chemical structures as input to predict a chemical activity or property.

In this MSc project, the aim is to

• generate an overview of what applicability domain entails and which approaches and models can
be used to describe it

• run selected models on several datasets (ADORE, in vitro data from ToxCast/Tox21, ...) to
determine their AD

• create a dashboard that loads compounds from a file, calculates suitable AD models for it and
present them in an informative and appealing manner.

This MSc project is an essential step to validate the modeling output from the MLTox project,
which aims to predict acute mortality of fish, crustaceans and algae using in vivo experimental data.

Additional Information

• What will you learn?

– Implementation, optimization and comparison of different applicability domain models

– Building a dashboard and communicating complex information effectively

• Requirements:

– Good knowledge of Python and git

– Experience with classification and regression models is an advantage

– A strong interest in chemistry, cheminformatics, and data visualization

• Supervisors and collaborators:

– Eawag: Christoph Schür, Marco Baity-Jesi, Kristin Schirmer

– ETHZ: Lilian Gasser, Fernando Perez-Cruz

• Please contact Lili Gasser (lilian.gasser@sdsc.ethz.ch) or Christoph Schür (christoph.schuer@eawag.ch)
for further information
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