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Genomics in toxicology

• Toxicogenomics: the “study of the relationship between the 
structure and activity of the genome and the adverse 
biological effects of exogenous agents”

• characterize changes in gene expression in cells or tissues 
after exposure to toxicants

• toxicologically relevant outcomes are based on differential
gene expression
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Genomics in toxicology: microarray technology

• instantaneous and simultaneous genome-wide detection of 
the expression of thousand of genes, even if the function of 
some of the genes is unknown.

“a revolution in our 
ability to 
characterize 
simultaneously an 
unprecedented 
number of 
biological 
endpoints”
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How can we use genomics to assess emerging chemicals?



5

PROS

Genomics to assess emerging chemicals
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Genomics can help reveal mechanisms of action

T. Van Boxtel et al, 2007

Environmentally relevant metabolite of 
BDE 47 (6-OH BDE 47) is toxic to
developing zebrafish embryo
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Genomics can help to reveal mechanisms of action
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Genomics can help to reveal mechanisms of action
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Genomics can reveal ‘signatures’ of toxicity

• Gene expression profiles in rats exposed to three triazole antifungals
(myclobutanil, propiconazole, and triadimefon) and two perfluorinated
chemicals [perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate
(PFOS)]

• Compare gene expression profile to database of 630 chemicals
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Genomics can reveal ‘signatures’ of toxicity

CAR/PXR 
agonists

PPARa
agonists
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Genomics can identify biomarkers/classifiers of toxicity

• 17beta-estradiol, 17alpha-ethinylestradiol, 4-nonylphenol, 
bisphenol A, tamoxifen, 17alpha-methyltestosterone, 11-
ketotestosterone,dibutyl phthalate, flutamide, vinclozolin, 
hydrocortisone, CuCl2, propylthiouracil, and a mixture of L-
triiodothyronine and Lthyroxine
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Estrogen agonists

Hormone  antagonists

Inhibition transferrin
genes
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Genomics can identify biomarkers/classifiers of toxicity

•Generational genetic algorithm: revealed a subset of genes that
separated the compounds in an optimal way
•Subset of 12 genes discriminates endocrine disrupting chemicals
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Comparative
genomics

Comparative genomics between species: 

predicting toxicity in humans?
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Comparative genomics between species: 

predicting toxicity in humans?
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Comparative genomics between species: 

predicting toxicity

Fish and rodents: 
similar metabolic
pathways affected by
2,4 DNT
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Application of genomics to “ecotox” species/models

Ecotoxicogenomics: gene expression in non-target organisms in 
response to environmental toxicant exposures
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Application of genomics to “ecotox” species/models
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PROS

Genomics to assess emerging chemicals
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Genomics to assess emerging chemicals

CONS
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Experimental design, data analysis and interpretation

• Experimental design
• Number (biological) 

replicates
• Dose response 

relationships
• Temporal dynamics

• Sources of variation
• Technical
• Biological
• Ecotoxicogenomics: 

internal and external 
environmental variables
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Experimental design, data analysis and interpretation

• Data analysis 
• Huge numbers of data: multiple testing problem/false 

discovery
• Normalization 
• Statistical analysis

• Interpretation
• Gene function: many unknowns, differences in gene 

ontology allocations
• Comparison with existing gene expression databases
• Validation: RT-PCR sufficient?
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Jan Kammenga: Genomics in ecotoxicology

Current microarray

methods may

lead to the 

misidentification

of genes as 

“important” 

“We are going too

fast”

SETAC 2007 Porto
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Can genomics be used to assess mixture effects?

•17-ethinylestradiol (EE2), 2,3,7,8-tetrachloro-di-
benzodioxin (TCDD), paraquat (PQ) and 4-
nitroquinoline-1-oxide (NQO)
•Tested as individual chemicals and as mixtures



25

Can genomics be used to assess mixture effects?
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High costs

“No “No microarraysmicroarrays onon a budget a budget lessless thatthat $100,000”$100,000”
ExpensiveExpensive toto repeatrepeat experimentsexperiments �� limitedlimited experimentalexperimental data data 

availableavailable
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Linking gene expression with ecological effects

Denslow et al., 2007, Mol. BioSyst., 2007, 3, 172–177
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-linking effects at gene expression level to physiological and 
population effects

-lack of commercial arrays for non-model species

-identify signatures in mixtures and environmental samples?

-experimental design, analysis, interpretation, costs

Limitations

-apply to environmentally relevant species

-comparative toxicogenomics

-identify signatures of gene expression

-identify biomarkers/classifiers of toxicity

-elucidate mechanisms of action

Advantages
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