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Introduction 

In January 2014, an international meeting titled ‘‘Genetic Basis of Unintended Effects in 

Modified Plants” was held in Ottawa, Canada, bringing together over 75 scientists from 

academia, government, and the agro-biotech industry. The meeting was organized by the 

Canadian Food Inspection Agency (CFIA), International Life Sciences Institute (ILSI) Health and 

Environmental Sciences Institute (HESI) Protein Allergenicity Technical Committee (PATC), ILSI 

International Food Biotechnology Committee (IFBiC), ILSI Research Foundation, and CropLife 

International.  The objectives of the meeting were to explore current knowledge and areas 

requiring further study on unintended effects in plants and discuss how this information can 

inform and improve genetically modified (GM) crop risk assessments.  The meeting featured 

presentations on 1) the molecular basis of plant genome variability, 2) unintended changes at 

the molecular and phenotypic levels, 3) a hypothesis-driven look at unintended effects in 

assessing conventional and GM crops, and 4) the consequences of unintended effects from a 

food and feed safety and environmental risk perspective.  The extent to which unintended or 

unexpected changes pose a hazard was also discussed.   

 

Meeting Summary 

The program for the meeting was divided into three broad sessions addressing the molecular 

basis for unintended genomic changes in GM plants, observations and context for unintended 

changes seen in GM plants, and the interpretation of those changes for the purpose of safety 

assessment. The full agenda along with abstracts from the speakers can be found at the 

following URL (http://www.hesiglobal.org/i4a/pages/index.cfm?pageID=3654) and presentation 

slides will be made available shortly.  The below summary presents a brief review of meeting 

highlights as identified by the organizing committee. 

 

Session 1: Molecular basis for unintended genomic effects in modified plants 

The first session focused on providing participants with an overview of the underlying molecular 

biology responsible for the occurrence of unintended effects in modified plants, and putting this 

in the context of both natural variability and plant breeding practices which are applied to  
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conventional as well as modified plants.  Dr. Mark Jordan (Agriculture and Agri-Food Canada) 

presented on gene structure and function as possible mechanisms for introducing unintended 

effects, highlighting an example of a conventionally bred disease resistant trait (Lr34) in wheat 

for context.  Prof. Wayne Parrott (University of Georgia) provided additional examples of 

unintended changes as a result of plant breeding, and highlighted studies showing a higher 

degree of overall genomic variation between conventionally bred varieties than between 

modified plants and their near isogenic parental line comparators. This has significant 

implications for food safety and environmental risk assessments, and Prof. Parrott went on to 

highlight the sources and types of these genomic variations, as well as the limitations in 

phenotypes that have been observed as a result.  Specifically, novel toxins or metabolites 

previously unknown in the plant have not been observed as a result of unintended changes in 

either conventional breeding or genetic modification. Dr. Laura Privalle (Bayer CropScience) 

and Dr. Phil Bregitzer (USDA Agricultural Research Service) provided context on the product 

development and breeding procedures for modified and conventional plant products.  Both 

presentations explored the myriad ways that “off-types,” or undesirable phenotypes, are 

systematically removed through selection and backcrossing before high performing lines with 

desirable traits are released into the market.  The final presentation of the session, from Prof. 

Andrew Bartholomaeus (University of Canberra, University of Queensland), addressed the need 

to identify and focus safety assessments on plausible hazards, which can be identified in both 

conventional and modified plants.  His presentation highlighted some examples of unintended 

changes from conventional breeding, provided context for the number of chemicals and 

substances that are present in conventional foods, and made a logical argument that safety 

assessment should consider known sources of hazard rather than exploring an infinitely large 

set of highly unlikely possibilities.  Discussion following the session focused on the challenge of 

collecting and analyzing data for safety assessment, including identifying what data are needed 

and what data are an unnecessary distraction, the appropriate level of scrutiny for familiar plant 

and trait combinations, as well as who (regulator or applicant) has the responsibility for 

generating plausible hypotheses related to the assessment. 

 

Session 2: Hypothesis driven survey of unintended changes 

The second session provided further elaboration of experience with unintended genomic 

changes by highlighting examples from both conventional and genetically modified breeding 

programs.  Dr. Justin Vaughn (University of Georgia) provided a detailed description of the 

molecular basis for genomic changes involving double stranded breaks and the associated  
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repair mechanisms.  He compared the sources and results of double strand breaks occurring in  

conventional varieties and as a result of T-DNA insertion in modified plants, and compared 

these to the more disruptive genomic changes caused by transposon movement during the 

development of any new plant variety.  Dr. Thomas Holzhauser (Paul-Ehrlich-Institut) provided a 

case study of endogenous allergen expression in apples and carrots.  Following a brief 

background on why apple and carrot both have allergens of importance in food safety, Dr. 

Holzhauser presented the results of separate studies looking at allergen levels of multiple 

cultivars under different production systems (conventional and organic) and multiple years.  In 

apples, large variations were observed between cultivars, and allergen levels changed 

significantly during storage.  In carrots, although no significant differences were observed due to 

production systems, variations were observed between cultivars. However, these differences 

were dwarfed by variation between years, suggesting that endogenous allergens are impacted 

heavily by environmental conditions.   

 

The second part of the session, addressing unintended changes in modified plants, began with 

a presentation by Dr. Alan Raybould (Syngenta) highlighting the need for hypothesis driven 

testing in order to both identify plausible pathways to harm, but also to design experiments that 

have the power to provide meaningful data related to the assessment.  This was followed by 

case studies from Dr. Elena Rice (Monsanto) and Dr. Christine Wandelt (BASF) considering 

safety assessment for a drought tolerant maize and altered starch content potato (respectively), 

both generated using genetic modification.  Both presentations echoed the conclusions from 

earlier presenters on the relatively small contribution of genetic modification to genomic 

variation when compared to other sources, including conventional breeding programs.  The 

presentations provided examples of how safety concerns were addressed through the logical 

consideration of the plant, its phenotype and the intended use, together with the collection of 

relevant data. 

 

For this session, discussions were wide ranging.  Topics of interest included: the escalation in 

volume of data being submitted in association with regulatory applications related to modified 

plants; the use of large data sets as a reassurance measure rather than a means of addressing 

risk hypotheses; the relative merits of compositional analyses related to safety assessment; the 

contributions of applicants as well as regulatory authorities to the increasing volume of data; the 

context of the real-world need for improved crop varieties; the fact that conventionally bred 

foods (even foods considered “healthy” like apples and carrots) have high natural variation in 
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composition and allergen content; and the pitfalls of making generalizations about the safety of 

genetically modified plants. 

 

Session 3: Safety assessment of the consequences of unintended effects 

The third session was split between consideration of assessments for food/feed safety and 

assessments for environmental risk.  The first part focused on an examination of past and future 

analytical tools and their use in identifying differences between modified plants and conventional 

counterparts, with a focus on “omics” technologies.  The first presentation, by Prof. Jean-Michel 

Wal (AgroParisTech), reviewed the complex relationship between plants, allergens, exposure 

and allergic individuals.  He then considered the use of targeted methods for comparing 

allergens (such as serum screening using two dimensional gel electrophoresis) analysis and 

compared this to non-targeted methods for assessing changes in protein expression level (i.e., 

proteomics).  Dr. Sue Rhee (Carnegie Institution for Science) provided a lecture on metabolic 

mapping (metabolomics), highlighting the ability to identify existing and predicted metabolic 

pathways and complex networks as well as their potential products in existing plants using 

sequence data.  The final presentation, by Dr. Esther Kok (RIKILT Wageningen UR), considered 

the use of “omics” technologies broadly (and transcriptomics, specifically) for comparing 

modified plants to their conventional counterparts as part of the GMO Research and 

Communication of Evidence (GRACE) program.  Dr. Kok suggested that omics technologies 

provide an efficient and informative tool for identifying differences and placing them in the 

context of comparators as well as related varieties.  The discussion for this half of the session 

was lively, and focused primarily on concerns regarding whether these technologies were 

providing information that was informative for assessments, or whether they were simply 

providing higher volumes of data for answering questions that were either uninformative for 

assessing risk (i.e. unsupported by a risk hypothesis) or already addressed by other methods.   

 

The second half of the session focused on assessing unintended effects relative to 

environmental risk assessment.  Prof. Alan Gray (Center for Ecology and Hydrology) provided 

an overview of problem formulation as a method for identifying relevant environmental 

protection goals and risk hypotheses, for both intended and unintended effects.  Dr. Paul Keese 

(OGTR) advocated a structured approach for conducting risk assessments based on the 

Australian Post Border Weed Risk Assessment (PBWRA) model, arguing that the ways plants 

cause harm in the environment are well understood and can be assessed by considering the 

phenotype of the plant.  This method accounts for both intended and unintended effects.   

  



 

Meeting Summary: Genetic Basis of Unintended Effects in Modified Plants Page 5 of 5 

Ottawa, Canada, 14-15 January 2014 

 

Rounding out the session, Dr. Jörg Romeis (Agroscope) gave an overview on the assessment 

of impacts to non-target organisms (NTO), highlighting the use of laboratory and field studies 

assessing impacts on arthropods.  Dr. Romeis highlighted the relative utility of hypothesis driven 

laboratory testing for known stressors and the difficulty in generating and interpreting useful 

data from field tests intended to identify unanticipated unintended effects.  The short discussion 

following this session again focused on how data can be collected and used to eliminate 

uninformative testing and whether or not more data really contribute to improving the 

assessment. 

 

Concluding discussion 

The program concluded with a final round of discussion highlighting issues brought up in the 

course of the presentations and earlier question and answer sessions.  Mr. Luc Bourbonnière 

(Health Canada) expressed a general appreciation by the government of Canada for the utility 

of the discussion, and the need to continue the discussion with a broader audience.  This 

thought was echoed by several other participants. 

 

 

  

 


