ENVIROMICS and ENVIRONMENTAL ASSESSMENT
From IAIA WNC BC Chapter News, May 2008

Excellent presentations by Caren Helbing (University of Victoria) and Graham Van Aggelen (Environment Canada) at the IAIA BC meeting on April 4, 2008 on the theme “Genomes and EA”, gave food for thought about the role genomics could play in environmental assessment.  Following is an outline of the potential role, interpreted from the presentations:

Within environmental assessment are three important components that could benefit from “omics” or “enviromics.  They are:

Significance (threshold criteria, or standards);  because of the potential to better address and predict sublethal effects

Environmental Management Plans;  because of potential to better predict and monitor benefits and outcomes of environmental management plans

Cumulative impact assessment;  because of the potential to predict outcomes of multiple stressors or contaminants 

Enviromics comprise four “omics”;  genomics: defining the genome or the genetic blueprint of the cell; transcriptomics: defining the portion of the genome that is accessed in a cell; proteomics: defining the proteins in cells; and metabolomics: defining the metabolites produced in cells or present in body fluids.
Because cellular changes often precede morphological changes, changes in the transcriptome / proteome / metabolome may indicate a deleterious effect.  Hence, enviromics can act as indicators for deleterious effects (or lack thereof) on biological growth, reproduction, and survival. The endpoint measurements of classical aquatic toxicology are not sensitive enough to measure molecular level effects of emerging chemicals of concern such as endocrine disruptors, which includes pharmaceuticals and personal care products and the increasing use of nanomaterials in commerce. 

Of these cutting-edge techniques, only transcriptomics has begun to be explored in a substantive way.
Using tools developed in the field of medicine, these tools are now being applied to various aquatic species, few of which are relevant to BC.  These tools have been used under the banner of toxicogenomics, and explored more in the aquatic toxicology field.  Consequently, the role of genomics in environmental assessment is construed to be a supplement to existing toxicological analyses.  In fact, enviromic tools offer two important considerations for the environmental practitioner:


Sensitivity
sublethal effects at environmentally relevant concentrations



Predictivity
cell change can be detected before morphological change 

These tools can also use non-lethal sampling methods to look at:

Exposure indicators for species at risk
Repeated measure analyses

Multiple endpoint analyses

Efforts are underway to develop standardized laboratory protocols, to prepare more trained and knowledgeable people in the field of enviromics, and to explore application to aquatic wildlife.  There is apparently no reason the tools cannot be applied to wildlife species. Helbing and van Aggelen have been developing such tools and  have initiated “aquaSCOPE” (aquatic Sentinel species Comparative Omics Project for the Environment). 

Environment Canada has developed sophisticated  toxicogenomic tools,  to facilitate the analyses of molecular level toxicants, such as suspect endocrine distrupting substances and complex mixtures.  They are using their targeted salmonid gene array developed inhouse and a select suite of genes from the micro Crustacean, Daphnia magna.  It is anticipated that the endpoint measurements will greatly increase aquatic toxicologists ability to assess risk of emerging chemicals of concern.  In addition to the “omic” testing the laboratory is also establishing bioinformatic capacity to evaluate and compute gene expression data from these studies.  The laboratory has also been closely collaborating with Dr Helbing’s lab at the University of Victoria to establish amphibian toxicogenomic methods.  


aquaSCOPE is an initiative involving a range of experts in universities, government and industry to apply “omics” to aquatic BC wildlife species that are currently used as sentinels of the environment.  The program will generate standardized tools and methodologies to produce molecular signatures of chemical exposures, and molecular signatures of environmental exposures to complex mixtures. Environment Canada is developing sophisticated information management tools to facilitate the more expedient application of “omics”, and laboratory protocols for the analyses. Standardization and immediate integration into the existing Environment Canada frameworks ensures that the data generated through aquaSCOPE are readily available to end users. 
The molecular signatures will be linked to biological changes in order to identify biomarkers indicating deleterious effects. Integration with Social Sciences & Humanities research on the use of enviromics, and implications for regulatory frameworks and government and corporate ethical responsibility, will identify regulatory and enforcement mechanisms that are most likely to benefit from aquaSCOPE.  It will also enable the development of mechanisms for a smooth integration of the resulting science into BC and Canada’s regulatory frameworks.
Footnote:

“Genomics in Regulatory Ecotoxicology: Applications and Challenges” Edited by Gerald T Ankley, Ann L Miracle, Edward J Perkins, George P Daston; including a chapter by Graham Van Aggelen.  Published by SETAC, this book explores the application and challenges of application of genomics to environmental science (not specifically environmental assessment).  
