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Zet-O-Map - Identify principal molecular drivers of 
(dys)morphogenesis in zebrafish

Main objectives
• Zet-o-map will mine the zebrafish developmental genome for biomarkers of teratogenicity, including but beyond those related to the 

retinoic acid (RA) pathway. 
• Identify comprehensive gene sets associated to certain networks, and related to developmental pathways, with the aim to cover the 

main drivers for developmental toxicity upon chemical perturbation.
• Promote the acceptance of the Zebrafish Teratogenic Assay (ZETA) for regulatory purposes
• Link developmental outcome pathways, early molecular changes and morphological alterations
• A better mechanistic understanding of the morphogenesis and causal links with chemical exposure

Approach
• Build a knowledge map, which allows to identify key molecular biomarkers (e.g. families of genes) of developmental toxicity 
• Mechanism driven approach, to identify principal molecular drivers of (dys)morphogenesis
• Analyzing time resolved ZETA transcriptome data (termed spatio-temporal maps) and link these to adverse outcomes e.g. induced by 

certain teratogenic compounds to identify predictive biomarkers. Figure 1: Project structure and information flow of the Zet-O-Map project. The 
project is developed in close collaboration between the project partners utilizing 
the individual expertise of each partner.

PROPORTION OF PLATFORMS USED FOR SERIES TESTING CHEMICAL 
STRESSORS
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DEVELOPMENTAL STAGES COVERED BY EXPRESSION DATA
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• Initial compilation of expression data consist of ~1300 transcriptomics 
experiments sourced from Gene expression omnibus (GEO) database. 

• Metadata curation reveals different transcriptomics technologies used and time 
points covered as well as details about sample preparation and analysis.

• Figure 2 displays two distinguishing factors of the omics datasets. Other factors 
we identified are e.g.: stressors, tissue, strain/genotype, and vehicle compound

• Relational database called zetera developed
• Comprises morphological alterations from zebrafish assays with 

exposure duration up to 144hpf from recent publications
• Contains about 1400 compounds.
• Provides details for different exposure periods together with 

lowest observed effect levels or comparable dose descriptors.
• Ontology work for reported effects in zebrafish
• More data will be included from the SEAZIT project*
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Step 4: Integration into a comprehensive Knowledge GraphTechnical Challenges
• Mapping of DEGs from different platforms/omic technologies
• Building of curated vocabularies and ontologies for morphological alterations 
• Building a reproducible analysis workflow with cloud capabilities to access large Sequence Read Archive 

(SRA) resources

Analytical Challenges

• Evaluate data variance to better distinct changes due to toxicological effects
• Identify relevant time points and biomarker in zebrafish development associated to different  adverse 

morphological changes
Figure 5: Harmonizing a variety of data sources using the biological expression 
language (BEL) as target structure. https://zet-o-map.scaiview.com/

Figure 2: (a) Data is generated using array technology as well as HTTr sequencing 
technologies. The four most used platforms cover almost 50% of available data.
(b) Data for early time points (<24hpf) are more scattered and developmental stages in 
early time points cover smaller timeframes. The most frequently observed time point is 
24 hpf. 

• Integrating available data on omics and morphological 
alterations

• Filtered for data points with chemical stressors
• About 90 compounds have been identified as data rich
• To identify about 5 compounds for further testing we applied 

the following criteria:
• High quality morphological data
• High Teratogenic Index
• Different mode of action (MoA) - different teratogenic 

effects observed in mammalians
• Some linkage to relevant AOPs
• Coverage of chemical space
• Availability of additional mammalian in vivo data

Figure 3: Exploration of chemical space using a t-distributed stochastic neighbor 
embedding (tSNE) visualization. Distances are based on Tanimoto score using MACCS 
Fingerprints. Compounds are labeled based on 80 % similarity to selected compounds of 
interest (data rich/dose range available). Different colors depict availability of data in the 
category. Omic and overlapping data points of step 1 are included, more might be 
added. N represents the number of publications.

*https://ntp.niehs.nih.gov/whatwestudy/niceatm/test-method-evaluations/dev-tox/seazit/index.html

Step 1: Compile existing zebrafish 
expression data

Step 2: Compile existing zebrafish data on 
morphological alterations

Step 3: Data gap analysis

Candidate compounds

Fill data gapsCombine morphological + omic dataCurate available data sources

Figure 4: Candidate compounds have ben sorted by available data. Highlighted 
compounds are on the short list, whilst green highlights show bests candidates. The 
colors in the table refer to available data at a given time point. Time points are sorted 
low to high from left to right. Green represents morphological observation, red omic
data and yellow both data types.

Triclosan
Uncoupling of OXPHOS leads to growth inhibition ​
Mitochondrial complex III antagonism leads to growth inhibition​
Mitochondrial ATP synthase antagonism leads to growth inhibition ​
Excessive ROS leads to mortality
Uncoupling of OXPHOS leads to growth inhibition 
Inhibition of Fyna leads to increased mortality

….

Valproic acid
HDAC inhibition leads to impeded 
craniofacial development​
and neural tube defects​

Mechanistic evidence from 
knowledge maps

• Harmonize information from multiple 
databases into a machine-readable format

• Create a searchable data repository
• Integrate the outcome of the different 

analysis steps
• Identify key mechanisms
• Filter interactions using embedded 

temporal data
• Generate new hypothesis

http://www.cefic-lri.org/projects
https://zet-o-map.scaiview.com/

