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Identification/assessment of possible 
unintended effect(s) on the overall 

allergenicity of GM Plants 



1. Are there any evidences of differences for numerous characteristics 
of the GMP and non GM comparators ? Mainly based on : 

   Agronomic/phenotypic analysis 
   Compositional analysis 
 conducted on plant materials from field trials and including  

Summary of the principles of 
Safety Assessment of GM Plants (1/2)  

Significant differences (taking into account the natural 
variability) between GMP and non GM comparators due to 
intended or unintended effects of the GM 

Comparative assessment (e.g. “substantial equivalence”): 

 

   Many endpoints included in the comparative analysis. 
   Relevant for detection of any changes in the composition of 
 the GMP  
  Statistical analysis using difference / equivalence tests 



Summary of the principles of 
Safety Assessment of GM Plants (2/2)  

2. Assessment of the biological relevance of the expected / 
unexpected differences, e.g. may or may not result in (side) effects 

3.  Safety concerns ? 
 > Possible further specific evaluation recommended 

 GM may or may not result in unintended differences in the 
agro/pheno or compositional characteristics of the GMP. 

 Unintended changes ≠ Unintended (adverse) effects 
 Possible unintended adverse effects to be further assessed 

on a case by case basis depending on the outcomes of the 
agro/pheno and compositional analysis (e.g. nature, frequency and 
magnitude of differences) 



Assessment of allergenicity of GM Plants 

Allergenicity is assessed according to the same principles 
but with some specific issues and methods 

“Allergenicity is not an intrinsic, fully predictable, characteristic 
property of a given food/protein but is a biological property requiring 
an interaction with individuals with a pre-disposed genetic 
background.” 

Allergen    +    Atopic individual    ⇒    Allergic Reaction 

Sensitisation/elicitation 

Extrinsic factors : Environnemental Conditions - Exposure 

Intrinsic characteristics of 
protein/allergenic food Genetic predisposed background 



Assessment of Allergenicity of GM foods : What is the risk ?  

1. Allergenicity of the newly expressed protein(s) (NEP) 

Two issues (independently assessed) associated 
1. with the source of  the transgene and 
2. with the recipient of the genetic modification 

2.  Increased allergenicity of the whole GM crop, e.g. by alteration of 
the expression of endogenous natural allergenic proteins 
or occurrence of novel allergens 

Is the newly expressed protein likely to be allergenic ? 

Is the GMP more allergenic than its conventional counterpart ? 

Besides food intake, also other routes of exposure are to be considered. Particularly in 
the case of application of a GMP for cultivation, the respiratory allergy risk due to pollen 
should also be assessed. 



Assessment of allergenicity of newly expressed proteins 
(NEPs) 

“weight of evidence approach” 

“Given this lack of complete predictability, it is necessary to 
consider several aspects in the assessment of allergenicity to obtain 
a cumulative body of evidence which minimises any uncertainty with 
regard to the protein(s) in question.” (EFSA, 2011 ; EC, 2013) 

No single test is sufficient to predict or assess the allergenicity. 
Need combination of tests of different nature 



From Metcalfe et al., Critical Review in Food Science and Nutrition, 36(S), S165-S186, 1996. 
Report of an ILSI-IFBC workshop 

no yes 

Host 

Endogenous Allergens 

Assess for changes* No concern 

Assessment of allergenicity of the whole GM crop 

* Pleiotropic effect of the transgene : 
Observation of possible deregulation of genes encoding endogenous 
allergenic proteins and thus modifying the natural allergen qualitative and 
quantitative composition of the plant. 



Assessment of Allergenicity of the whole GMP  

“When the recipient plant is known to be allergenic, the applicant shall 
assess any potential change in the allergenicity of the genetically modified 
food or feed by comparison of the allergen repertoire with that of its 
conventional counterpart. The potential over-expression of natural 
endogeneous allergen(s) in the GMP shall, in particular, be investigated” 

(EFSA, 2011 ; EC, 2013) 

 It is a mandatory part of the risk assessment and not 
 only a risk management issue. 
 To be performed on a case by case basis 

Compare qualitative and quantitative composition of 
“key allergens” in the GMP and its non GM comparator(s)  



 “Common food allergens” usually refers to Annex IIIa of Directive 
 2007/68/EC for labelling purpose. 

For the present time this pertains to GM soybean only.  

 “Key allergens” in allergenic food refers to allergens considered to 
 be relevant for public health because of their allergenic potency  and 
 abundance (Bjorksten et al., 2008). 

 They are identified and recorded in recognized allergen data bases 
 and possibly listed in OECD Consensus Documents. 

 Concentration highly variable depending on cultivars and environ- 
 mental conditions (cultivation, harvest, storage, processing, …) 

 For a relevant comparison, to be included in the compositional  
 analysis and performed on the plant materials collected from the 
 field trials. 

Analysis of the endogenous allergens:  
When ? -  What allergens ? 



Targeted analyses, e.g. : 

 - 2D electrophoresis + western blotting (WB) 

  Requires specific allergic human sera 

- Specific determination of known allergens, 

Assessment of allergenicity of the whole GMP : 
use of profiling technologies for qualitative and quantitative analysis 

of “key allergens”  



 Serum screening should be carried out with sera from well-
 characterised allergic humans taking into account 
 information on their clinical manifestations and on their 
 environment. 

 Each serum should be tested individually in order to reflect the 
 variability and wide pattern of specificity of the IgE response and 
 to evidence potential IgE binding to minor allergens, as the latter 
 would be masked if the test is performed on pooled sera because 
 of dilution. 

A major drawback is that relevant human sera may be difficult to 
 obtain and are often limited in number and quantity. 

Targeted analysis of the whole GM crop : 
drawback 



Non targeted analyses, e.g. : 
 Proteomics and high throughput analytical methods using mass 
spectrometry 

Assessment of allergenicity of the whole GMP : 
use of profiling technologies for qualitative and quantitative analysis 

of “key allergens”  



Non targeted analyses, e.g. : 
 Proteomics and high throughput analytical methods using mass 
spectrometry or other–OMICS technologies 

   May not require human sera 
   Require equipments and competence 
   Already very informative although not fully standardized and 
  conclusive 

   Rapid developments to improve sensitivity and specificity and 
  allow validation 

Assessment of allergenicity of the whole GMP : 
use of profiling technologies for qualitative and quantitative analysis 

of “key allergens”  



Outcomes of assessment of actual applications 

 To date concerns only GM soybean. 
 No evidence of significant differences between GM soybean and 
 conventional comparator observed  
 Generally differences much bigger between reference lines than 
 between GM and non GM comparator 

 No indication of significant unintended changes 

 No indication of possible adverse effects. No safety concern 

 Not an absolute rule. 

 Should be checked and confirmed for each case  



Relevance/interpretation of possible unintended changes 
that would be evidenced? 

 May require additional information/investigations to further 
 characterize the allergenicity 

Is there a definite evidence of a (causal) relationship between 
increased expression of endogenous allergens, increased 
allergenicity and increased risk for allergic consumers ?? 

Q  

Assessment of biological relevance of a potential over expression of 
(some) endogenous allergens in GMP based on:  
Nature of concerned allergens 
Magnitude of the differences 
Whether  differences are observed in every season or location, … 



Prevalence of sensitisation to oilseed rape 
and maize pollens in France 

Effect of latent atopy and existing disease on the prevalence of sensitization to rape 
seed pollen and seeds, in relation to the crop density 

D.A.Moneret-Vautrin et al., Eur Ann Allergy Clin Immunol 2012, 44 (6) 225-235  

(Adults) 
Oil seed rape Positive prick-test 

to oil seed rape pollen 
Positive prick-test 

to oil seed rape seeds 



   
        

      
        

     
        

   
        

    
       

      
          

     
        

    
      

 

Effect of latent atopy and existing disease on the prevalence of sensitization to maize 
pollen and seeds, in relation to the crop density 

(Adults) 
Maize 

Prevalence of sensitisation to oilseed rape 
and maize pollens in France 

D.A.Moneret-Vautrin et al., Eur Ann Allergy Clin Immunol 2012, 44 (6) 225-235  



 Frequent sensitizations observed in atopic patients living in regions 
that contain a high density of rapeseed and maize fields 

 The incidence of sensitization to rapeseed and maize pollen is 
positively correlated to the level of exposure. 

 This prevalence is higher in patients with actual atopic disease as 
compared to those with asymptomatic atopy. 

 Cross-reactivities between pollens and seeds could potentially elicit 
cross-reacting food allergies. 

D.A.Moneret-Vautrin et al. Prevalence of sensitisation to oilseed rape and maize pollens in France: 
a multi-center study carried out by the Allergo-Vigilance Network, 
Eur Ann Allergy Clin Immunol 2012, 44 (6) 225-235  

Prevalence of sensitisation to oilseed rape 
and maize pollens in France 



Perspectives 

 May apply to other GM crops than soybean depending on evolving
 epidemiological data observed in the future, in new geographic areas 

 In addition of direct unintended effects of the GM on the intrinsic 
 allergenicity of the whole GMP, may also consider other kind of 
 unintended effect, e.g. increase of allergenicity because of interactions 
 with newly expressed proteins (NEPs) or indirect effects of the GM,  

 Incidence on a possible increased consumption, e.g. in case of a 
 GMP with a composition deliberately modified and/or with added 
 nutritional/health value, in small particular at risk vulnerable groups 
 on the population. 
In such cases exposure assessment and post market monitoring 
programmes may be recommended. 



Summary / Recommendations 

 When the recipient of the Genetic Modification is a common food 
allergen, a qualitative and quantitative comparison of the allergen 
repertoire of the GM plant and non GM comparators should be 
performed. 

 It should take into account the impact of the cultivars and of the 
conditions of production, storage and transformation on the 
expression of allergens to reflect the actual conditions of exposure 
of the consumers 

 It should also take care of the natural range of variability in order 
to identify possible statistically significant and biologically 
relevant differences  between the GM and non GM plants 

 Including “key” endogenous allergens in the compositional 
analysis on the plant material collected from field trials (i.e. GM 
and different comparators would allow relevant comparison) 



Thank you for your attention 
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