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General considerations

The aim of this document is to provide further guidance for the risk assessment of living modified (LM) crops with improved tolerance or resistance to abiotic stress. 
This guidance document should be considered in the context of the Cartagena Protocol on Biosafety. The elements of Articles 15 and 16 and Annex III of the Protocol also apply to LM crops with tolerance to abiotic stress. Accordingly, the methodology and points to consider
 contained in Annex III are also applicable to this type of LMO.
Because the potential environmental adverse effects of an LM crop with abiotic stress tolerance will depend on (i) the receiving environment; (ii) the modified crop and (iii) phenotypic changes resulting from the genotypic changes made to the plant, their risk assessment must be performed on a case-by-case basis in accordance with the General Principle 6 of Annex III of the Protocol.  

This guidance document complements the Roadmap for Risk Assessment developed by the AHTEG on Risk Assessment and Risk Management, and focuses on issues that are of particular relevance to the risk assessment of LM crops tolerant or resistant to abiotic stress.

Definition
Abiotic stresses are environmental conditions caused by non-living factors that are detrimental or suboptimal to the growth, development and/or reproduction of a living organism. Types of primary abiotic stresses include, for example, drought, salinity, cold, heat, air pollution (e.g., nitrous oxides, ozone), etc. 
Risk Assessment

While the same general principles used in the risk assessments of other types of LMOs also apply to LM crops with increased resistance or tolerance to abiotic stress, there are a number of specific issues that may be of particular importance when assessing the risks of LM crops resistant to abiotic stresses.

Questions that may be particularly relevant to the risk assessment of LM crops with tolerance to abiotic stress in connection with the intended use and receiving environment include: 

· Would a LM plant expressing tolerance to a particular abiotic stress have other advantages in the targeted receiving environment? 

· Would the tolerance trait have the potential to change the invasiveness or weediness in the LM crop
? 
· Would the abiotic stress tolerant LM crop have
 the potential to colonize an ecosystem beyond the targeted receiving environment?

· Would the abiotic trait have the potential to affect pest and disease resistance mechanisms of the LM crop

· 
Some of the potential adverse effects to be evaluated in the risk assessment, from the introduction of crops resistant or tolerant to abiotic stress into the environment include, for example: a) increased selective advantage(s) other than the intended tolerance trait; b) increased persistence in agricultural areas and invasiveness of natural habitats; c) adverse effects on organisms exposed to the crop; and d) consequences of increased
 gene flow to wild or domestic relatives. While these adverse effects may exist regardless of whether the tolerant crop is a product of modern biotechnology or conventional breeding, some specific issues may be more relevant in the case of stress tolerant LM crops. 
 Below are points to consider that are particularly relevant for the risk assessment of crops resistant or tolerant to abiotic stress for introduction into the environment with a focus on LM crops tolerant to drought and salinity. These specific points to consider should be taken into consideration alongside the general points to consider for all risk assessment steps in the Roadmap, on a case by case approach.

Characterization of the LM crop with resistance or tolerance to abiotic stress in comparison with its non-modified crop (see Step 1 of the Roadmap for Risk Assessment)
Rationale: 
The first step in the risk assessment process involves the characterization of any novel genotypic and phenotypic changes associated with the abiotic stress tolerant LM crop that may have adverse effects on biodiversity in the likely receiving environment, taking into account risks to human health. This step is the ‘hazard identification step’ in other risk assessment guidance. 
Both anticipated and unanticipated (or unintended) changes which are directly or indirectly associated with the abiotic stress tolerance that may have adverse effects should be identified. These include changes to the biology of the crop plant (e.g. if the genes alter multiple characteristics of the plant) or to its distribution range in relation to the potential receiving environment (e.g. if the plant can grow where it has not grown before), that may cause adverse effects. 
The identification of genotypic and phenotypic changes in the LMO, either intended or unintended, is typically done in comparison with the non-modified organism (see “step 1” of the Roadmap). The non-modified comparator provides the baseline information for comparison between trials when it is grown at the same time and location as the LM crop. Comparisons with the observed range of changes in the non-modified crop, in different environments also provides baseline information. 
However, in the case of LM crops that are resistant to abiotic stress, a straight forward comparative approach between the LM crop and the non-modified crop may be limited when the non-modified crop has never have been grown in the range of conditions of the receiving environment because the stress conditions prevent or severely affect the growth of the non-modified crop. In such conditions, choosing good comparators could be a challenge and there are several proposals on whether and how the comparative approach can be used to characterize LM crops resistant to abiotic stress in these likely receiving environments. 
In some cases, for instance, an approach using different comparators, typically including a range of genotypes that represent the natural variation in the crop species, and/or commercial or adapted varieties, may be useful. In some situations when a comparator may not be available to carry out a meaningful comparison, some propose to characterize the resistant LM crop as a novel genotype in the receiving environment. To this end, information available from ‘omics’ technologies (for example, transcriptomics, proteomics, metabolomics etc) may be used. However other approaches,  emphasize the importance of testing the phenotype of the LM crop in the environment, rather than spending time characterizing the genotype (e.g., sequences, insertion sites, etc) because much of the genotypic information is not predictive of the resultant phenotype
.
Points to consider:
(a) Phenotypic characteristics of the LM crop in the likely potential receiving environment;

(b) Phenotypic characteristics of the LM crop under stressed and non-stress conditions;

(c) Phenotypic characteristic of the LM crop under different stresses, if applicable;

(d) Effects on the frequency or likelihood of gene flow to wild or domestic relatives;

(e) Identification of epigenetic changes in the LM crop that may cause adverse effects
.

(f) Whether one or more suitable comparators are available; and

(g) Genotypic and phenotypic analyses that may be needed to characterize the LM crop in the receiving environment.

Unintended or unanticipated traits (see Step 1 of the Roadmap for Risk Assessment)
Rationale:
The genetic modification or transgene products may confer unintended or unanticipated traits such as tolerances to other types of biotic and abiotic stresses, which could lead to a selective advantage of these crop plants under conditions other than that related to the modified trait. For instance, crops modified to become resistant to drought or salinity may be able to compete better than their counterparts at lower and higher growing temperatures. 

It is also possible the LM crops with enhanced resistance to an abiotic stress could have increased / changed seed dormancy, viability, and/or improved germination rates under other types of stresses.
 
Such LM crops may also transfer genes for stress tolerance at higher frequencies than observed in non-modified crops, due to a close linkage to the transgene(s).

A potential mechanism for crosstalk between abiotic and biotic stresses may exist in plants. For example, drought or salinity-tolerant LM crops may acquire a changed tolerance to biotic stresses, which could result in changed interactions with their pathogens, and, therefore, have both direct and indirect impacts on the population levels of organisms that interact with them.
Points to consider:
(a) Any unintended change that may lead to selective advantage or disadvantage acquired by the LM crop under other abiotic or biotic stress conditions that could cause adverse effects (on ……..);
(b) Any change in the resistance to biotic stresses and how these could affect the population of organisms interacting with the LM crop; and
(c) A change in the toxin or nutrient profile of the LM crop that could cause adverse effects (on ….). 

Increased persistency in agricultural areas and invasiveness of natural habitats (see Steps 1, 3 and 5 of the Roadmap for Risk Assessment)
Rationale:
In environments where water depletion or elevated salt content are the main factors limiting the growth, productivity, spread or persistence of a crop, expression of the genes for drought and salinity tolerance, respectively, could result in increased persistence of the modified crop in agricultural areas. 

Climate changes ???? may also alter the capacity of LM crops resistant to abiotic stress to spread to and establish in climatic and geographic zones beyond those initially considered as the likely or potential receiving environments. 

The gene(s) inserted for tolerance to, for instance, drought and salinity might also affect molecular response mechanisms to other forms of abiotic stress, such as cold temperatures (see above). In addition, when the genetic modification affects genes that also regulate key processes in seeds, such as the abscisic acid (ABA) metabolism, physiological characteristics such as dormancy and accumulation of storage lipids may also be changed. In such cases, the seeds of a tolerant crop may acquire tolerance to cold resulting in an increased winter survivability of the seeds of a crop that were modified for drought or salinity tolerance.

Therefore, an abiotic stress-tolerant crop may acquire the potential to persist better than its conventional counterpart under different abiotic stress conditions. 


Points to consider:
(a) Consequences of the increased potential for persistency of the modified crop in agricultural habitats and consequences of increased potential for invasiveness in natural habitats;
(b) Need for control measures if the stress-tolerant crop shows a higher potential for persistency in agricultural or natural habitats, that could cause adverse effects;
(c) Characteristics that are generally associated with weediness such as prolonged seed dormancy, long persistence of seeds in the soil, germination under a broad range of environmental conditions, rapid vegetative growth, short lifecycle, very high seed output, high seed dispersal and long-distance seed dispersal; and

(d) Effects of climate change on agriculture and biodiversity and how this could change the habitat range of the LM crop in comparison to the non modified crop.   
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� Paragraphs 8 and 9 of Annex III, respectively.





�I agree with Hans’ comment (2010-03-12 12:06) 


�Adverse effects on other org. is not relevant  only for abiotic stress tolerant LMOs but also for other LMOs


�Outcrosses – not specified, 


�I  would formulate “cross-talk” between abiotic and biotic stresses in a similar manner as the above questions; 


�Gene flow could be potentially increased but not necessarily; I would delete “increase” or add “potential”


�I agree with JackH’s comment on phenotype (and genotype); 2010-03-14 7:36


�Here are introduced epigenetic changes; such changes, if any, are not relevant only  to abiotic tolerant LMOs but to all LMOs; so I would delete this point





�This point should be clarified – what exactly is meant by  “that may be needed”??


I would considered this point as surplus;


�These characteristics are already assessed under LMO characterization; 


�I do not understand this linkage between transgene (stress tolerance) and higher frequency of gene transfer,


This must be scientifically justified if  left in the document.


�Pathogens well describe plant enemies,
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