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Materials and Methods (cont)

Background
• Chemical testing approaches required under current legislations rely on live animal
experiments using traditional endpoints such as survival, development, growth, histological
damage.

Pathway Analysis

Transcriptomics
(MiSeq/HiSeq)

• While live animal tests have direct ecological and/or regulatory relevance, their conduct is
tedious, resource intensive and ethically questionable, especially considering the tens of
thousands of chemicals that require testing globally.
• Recently, there has been a paradigm shift towards mechanism-based testing, using next
generation 'omics analyses to inform toxicity pathways (Villeneuve and Garcia-Reyero, 2011).
• Molecular toxicity pathways paired with the characterization of physiological/pathological
alterations can be used to develop models for the prediction of apical responses (adverse
outcome pathways [AOP]) (Villeneuve et al, 2014)

http://apps.cytoscape.org/media/cluego/screenshots/ClueGO_fig4_2.png

Wang et al., 2009

• Taking advantage of the next generation “omics” technologies, the EcoToxChip project aims
to develop and validate quantitative PCR arrays and a data evaluation tool (EcoToxXplorer)
for the characterization, prioritization, and management of environmental chemicals and
complex mixtures of regulatory concern.

Proteomics
(LC-MS/Orbitrap)

The EcoToxchip Project
The project aims to develop
PCR arrays (EcoToxChip) for a
range of model species
used globally in ecological risk
assessment (fathead minnow,
Xenopus laevis, Japanese
quail), as well as for native
species (rainbow trout,
double-crested cormorant,
wood frog). It will exploit
current advances in “omics”
technologies along-side apical
outcomes of ecological and
regulatory relevance to inform
EcoToxChips.
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Research approach. Fathead minnows (Pimephales promelas) will be exposed to FLX and EE2 following OECD 210 (Fish early-life stage toxicity test). Eggs will be exposed immediately after
fertilization. Larvae will be subsampled upon swim (4 dph) for transcriptomic (RNASeq) and proteomic (multiplex peptide stable isotope dimethyl labeling) analyses. Genes with
considerable change in abundance, belong to key pathways involved in the toxicity response, and are predictive of apical responses will be selected and used as part of the EcoToxChip.
To validate potential biomarkers, the rest of the fish will be continuously exposed up to 28 dph. Cellular, biochemical, histological and physiological effects will be investigated based on the
results of pathway analyses.

Apical Outcome
this research

Expected Results

https://www.slideshare.net/AndreaJosFuentesBisbal/oxidative-stress-2014

Objectives
The main goal of this study is to generate data for the development and validation of a molecular tool (EcoToxChip) to predict toxic outcomes of
regulatory concern in the fathead minnow using FLX and EE2 as model compounds.
Specific objectives include:
1. Characterize molecular toxicity pathways through whole transcriptome and whole proteome analysis to identify key toxicity pathways and
associated core genes;
2. Conduct a parallel assessment of biochemical/physiological and/or pathological alterations associated with chronic exposure at early life-stages;
3. Link molecular responses with apical responses/identify key processes that are conserved and predictive of changes across levels of
organization; and
4. identify and validate potential biomarkers for inclusion into the EcoToxChip that represent key genes of prevalent toxicity pathways.

Materials and Methods

Translation of transcripts to proteins.
Correlation of the global transcriptome
with the global proteome may vary
depending on post-translational effects
(Juschke et al, 2013). However, based
on previous findings by our lab
(Doering et al, 2016) it is anticipated
that changes in key biological
processes are reflected at both
organizational levels, and are
predictive of apical outcomes.

Transcriptome

?
Proteome

Test Chemicals
Gene A, B, C,…
17α-ethinylestradiol
endocrine disruptor

Alters endocrine system processes by mimicking/antagonizing the
effects of endogenous hormones, disrupting the synthesis and
metabolism of endogenous hormones, or disrupting the synthesis of
specific hormone receptors
Affects reproduction
www. ecotoxchip.ca

Fluoxetine

(UPREGULATED)

Selective serotonin reuptake inhibitor

Exerts action within the central nervous system by reducing the
clearance rate of serotonin through binding to presynaptic serotonin
reuptake receptors, potentiating the effects of serotonin in the post
synaptic clef
Induce behavioral changes in animals

Gene X, Y, Z,…
(DOWNREGULATED)

Identification of biomarkers.
Significantly enriched
transcripts and proteins in
response pathways with
measurable/evident functional
or physiological implications
represent promising biomarker
candidates for inclusion into
EcoToxChips.

EcoToxChip. development an early life-stage gene
expression assay that captures critical toxicity
pathways for the prediction of apical outcomes of
regulatory relevance

