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Ankley et al. 2006 (Environ Sci Technol. 40(13): 4055–4065)

... benefits for regulatory ecotoxicology



� Effects at various levels:

- Population

- Organism 

- Cell 

- Sub-cellular

� Integration: SYSTEMS TOXICOLOGY

� AOP – Adverse Outcome Pathways



(DNA) µarrays
Semi-quantitative gene expression

Can be whole transcriptome and is EST

Thousands of genes in one run – high-throughput (HTP)

qPCR
Quantitative gene expression

Limited no of genes – low-throughput

Limited to previous knowledge/probe design

RNA-seq
Can be quantitative, still very expensive for that purpose

Whole transcriptome in real time/HTP (de novo assembly) – Not EST

Not limited to previous knowledge/probe design



(DNA) µarrays
Perforated solid surface (glass) containing a small ssDNA

sequence (probe) in each spot

Principle of the method:

Quantification (fluorescence based) of the specific 

probe-target hybridisation

Unspecific hybridisation

removed by whash

Probes 

on the microarray

Fluorescence detection 

of the hybrid
Adapted from: Seela and Budow 2008 (Mol. BioSyst., 4, 232-245)



E. albidus

E. crypticus

� Platform: Agilent

� µarray: 8 x 15K

� No seq: 2100

� Platform: Agilent

� µarray: 4 x 44K

� No seq: 43 749

1

2

3



http://bioinformatics.ua.pt/enchybase/



Lumbricus rubellus: 17225 EST
Owen et al. 2008 (BMC Genomics , 9:266)

Custom made µarray: 8K

Eisenia fetida: 3144 EST
Pirooznia et al. 2007 (BMC Bioinformatics , 8)

Custom made µarray: 4K

Folsomia candida: 8686 EST 
Timmermans et al. 2007 (BMC Genomics, 8:341)

Agilent 2 x 11K µarray

Enchytraeus crypticus: >114000 seq 
Castro-Ferreira et al. 2012 (BMC Genomics, 15:302)

Agilent 4 x 44K µarray

Enchytraeus albidus: 2100 EST 

Agilent 8 x 15K µarray
Novais et al. 2012 (PlosOne, 7:4)
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E. crypticus
EC20 EC50

NiNO3 40 60

Ni-NPs 980 1760

Effect Concentrations (mg/kg)
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Identification of materials 

specific mechanisms of 

action, e.g.: 

- Ni-NPs specific: 

ROS synthesis (with 

involvement of a Cyt

P450 family gene); 

Reproduction and cell 

differentiation

- Ni-salt specific: 

Glutathione metabolism 

and conjugation; 

Negative regulation of 

immune response

AOP



�High-throughput tool that allows the identification of

hypothesis, i.e., targeted sequential test design. 

� Identification of materials MoA

� anchored with effects at organism level 

� Differentiation between Ni-forms

(not possible based on standard  ecotox tests) 




