
Substantially Equivalent or not? 
- The important discussion on comparators 

Thomas Bøhn PhD 

GenØk - Centre for Biosafety 

Professor of Gene Ecology 

UIT The University of Tromsø 



GenØk 
– Centre for Biosafety 

 
 
 

- Independent research on modern biotechnologies 



GenØk, Tromsø 



GenØk, Tromsø 



 



Where do we meet the  

“Substantial Equivalence Principle”? 

1. Testing by the product owner 

– Measurements of compositional elements 

• Nutrients 

– Amino acids 

– Protein 

– Carbohydrates 

– Fibre 

– Oil 

• Testing the transgenic product by itself 

2. Used to conclude on product safety 



Example of use (NK603) 

From 

Ridley et al. 2002 J. Agric. Food Chem. 

(Product Safety Center, Monsanto) 

• These comparisons, together with the history of the safe 

use of corn as a common component of animal feed and 

human food, support the conclusion that Roundup 

Ready corn event NK603 is compositionally equivalent 

to, and as safe and nutritious as, conventional corn 

hybrids grown commercially today.  



History of Roundup Ready GM soy testing 

(40-3-2 event) 

• 1995-1999 

– Compositional analysis from unsprayed plants(!) 

 

• 1999 

– “Must spray herbicide tolerant GM plants before 

testing” (Millstone 1999, Nature) 



Quick response 

• The analytical results from these studies demonstrate that the GTS 

soybeans treated with glyphosate were comparable to the parental 

soybean cultivar, A5403, and other conventional soybean varieties. 

(Tailor et al. 1999) 

 

From 

Tailor et al. 1999 J. Agric. Food Chem. 

(Product Safety Center, Monsanto) 



• 2000-2013 

– 13 out of 16 feeding studies with herbicide tolerant 

GM crops did not spray the plant 

Feeding tests with herbicide tolerant 

(Roundup Ready) GM plants 

(From Viljoen 2013 Food and Chemical Toxicology) 



Food for thought 

1. Tested Herbicide Tolerant GM plants are 

typically not sprayed! 

2. Residues of herbicides have not been 

considered relevant as a compositional 

element, even in Herbicide Tolerant GM 

plants 

3. Residues of herbicides have not been 

systematically monitored in food and feed 



Our testing of RR GM soybeans 

 



Soy material for testing 

Iowa farmers 

   (n=31) 

 
• GM  (n=10) 

• Conv. (n=10) 

• Organic  (n=11) 

 



New 

genes 

Herbicides Pesticides 

RR GM soy X  X X 

Conventional  X(X)  

Organic 
Interactions? 

Production system description 



Pesticides used 

 

(not allowed) 



Glyphosate and AMPA in soybeans 

“Extreme 

levels and far 

higher than 

those typically 

found” 
(Monsanto 2011) 

From Bøhn et al. 2014 Food Chemistry 



Elemental composition 

 



Clustering of samples 
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Substantially different! 

Discriminant analysis for GM, conventional and organic soy samples based 

on 35 variables (Glyphosate/AMPA residues are not included) 

From Bøhn et al. 2014 Food Chemistry 



Feeding study in Daphnia magna   

 



Differences in survival 

(raw soy) 

From Cuhra et al. 2014 Aquaculture Nutrition 

--- Organic 

--- GM 

--- Conv. 

--- Organic 

--- GM 
--- Conv. 



Much higher fecundity for animals fed (raw) 

organic soy 

 

From Cuhra et al. 2014 Aquaculture Nutrition 

Organic 

Organic 

GM 

GM 

Conv. 



Testing only HT GM soybeans 

More glyphosate in soybeans - reduced fecundity 
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Glyphosate in feed (mg/kg) 

R2 = 3.4 % 

P  = 0.024 

(Cuhra et al. in prep) 



More glyphosate in soybeans  

– delayed reproduction 

R2 = 5.3% 

P  = 0.005 

(Cuhra et al. in prep) 



High glyphosate in soybeans  

– reduced life span 
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Conclusions 

• Herbicide tolerant GM crops: 
– Leads to increased use of herbicides 

– …due to resistance evolution in weeds 

 

– GM plants accumulate herbicides 

– …for food and feed products 

 

• Organic soy quality superior in Daphnia magna feeding 
tests 

• HT GM soy inferior as feed to organic and conventional 
soy 

• Proof of concept that high levels of herbicide residues in 
soy reduces feed quality 

 



Conclusions  

• “The Substantial Equivalence Principle” – a superficial 
and crude first comparison: 

 
– Misses key elements like pesticide residues 

 

– Assumes no interaction between inserted gene(s) and receiving 
genome/plant/environment 

 

– Misses (potential) changes in gene expression /changes in 
proteome 

 

– Needs to be followed up by long-term feeding studies  

 

– For the future, comparative approach using near-isogenic 
comparators may be lost 

 



Thank you for 

your attention! 

As you can see:  

This pile is substantially 

equivalent to six people 


