
Attachment I 

Attachment I includes the draft document provided to EFSA, with modifications proposed by the 

GMO Panel together with an introductory note explaining the nature of the changes. 

 

Introductory note  

This draft working document is based on the updated guidance of the GMO Panel which was 

adopted by EFSA in May 2008 and published in its website (see attachment II), on comments of 

stakeholders and member states which were provided during the public consultation of EFSA 

and further discussions. 

 

EFSA was formally consulted on this document by the Commission on 23 February 2009. 

EFSA GMO Panel discussed and adopted the present document with the proposed modifications. 

These have been introduced as tracked changes and comments to the document.  

No modifications have been included in Annex I and the main amendments made by EFSA are 

found in Annex II. The major modifications are explained by section below: 

 

General comments: 

It should be noted that although it was explained by the Commission to EFSA, that the word 

shall should be used for legal reasons,  is not always appropriate (e.g Part II section 1.2.2.2(f) 

or 1.4.4.1)).  

When needed an analysis on phenotypic and not only on morphological characteristics should be 

performed. 

Finally a large number of minor clarifications and editorial changes are provided to improve the 

quality of the document. 

 

Part I: 

Section 1: The possibility to need more than one conventional counterpart (e.g in the risk 

assessment of stacked events) should not be excluded. An amendment of the second paragraph 

was done to better clarify when a comprehensive safety and nutritional assessment of the GM 

crop derived food/feed per se should be carried out. 

Section 1.1: Clarifications on the concept of substantial equivalence or comparative safety 

assessment and on the detection of unintended effects are included. 



Section 1.2: The text was improved in the subsections and clarifications were added. 

Section 2: Clarifications and shortening of the text on Risk Characterisation was suggested as 

this subject is discussed in Part II  section 3 in detail. 

Section 2.2 (h): ‘for long-term’ was deleted since it is not in line with 1.6 ‘Nutritional 

assessment’ 

Section 3.1: The consolidated EFSA opinion on Antibiotic Resistance Marker genes was not 

adopted when this guidance document was adopted. Therefore, the text should be brought in line 

with the adopted opinion on ARM. 

Section 3.2: The last paragraph has been modified to better clarify when the risk assessment of a 

stacked event might be applicable for GM stacks with fewer events. 

Part II: 

Section  1.1: more appropriate text for this paragraph was provided. 

Section 1.3: the reference to the novel foods risk assessment was deleted since further guidance 

needs to be developed. 

Section 1.3.1 Description of conventional counterpart was strengthen also with respect to 

possible additional comparators (e.g. negative segregant). Clarification in case of herbicide 

tolerant crops was improved  

Section 1.3.2:  The text was extensively revised by experts of the EFSA GMO Statistics WG. Thus 

for clarity the whole section is not shown in track changes. Modifications regarded:  

 Better explanation of the simultaneous use of the test of difference and equivalence  

 Better explanation of the test of equivalence and calculation of equivalence limits  

 Introduction of reference to the report of the self-task WG on statistics  

 Introduction of a section describing the experimental set-up in case of simultaneous 

testing of multiple GMOs in the same trial  

 Improvement of Figure 1 and its legend  

 Improvement of interpretation of results  

Section 1.3.4: The last sentence was deleted as its meaning not was clear. Section 1.6 refers to 

nutritional assessment. 

Section 1.3.7: The conclusions were brought in line with the modified text. 

Section 1.4: For clarity the first bullet point as an introduction to the following text is 

strengthened by omitting the bullet formatting.  

The last paragraph which refers to testing protocols of single compounds should in EFSAs view 

be moved to a separate section (currently 1.4.4 in the document) after sections 1.4.1-1.4.3 where 

the requirements for the testing of single compounds is described.  



Section 1.4.1: the widely used terminology ‘history of safe use’ can be kept if a footnote could 

provide explanation of this term as proposed. Also part of the text in (e) has been removed as it 

was explained earlier.  

Section 1.4.4.1: In this section important information from the updated guidance document (e.g. 

selection of doses, stability and equivalence of test diets, the rational behind the study) has been 

deleted and replaced. Therefore the last sentence of the first paragraph is replaced by the text 

proposed initially in the updated guidance document 

Section 1.4.4.1(b): The 90 day study is not appropriate for testing of allergens as suggested in 

this paragraph. 

 The last paragraph of the section ‘indications of unintended effects from molecular 

characterization’ has been deleted as it not sufficiently accurate. The results of the bioinformatic 

analysis of the newly expressed protein are not necessarily unintended effects of the genetic 

modification. The results of this analysis are part of the requirements in section 1.4.1 and 

confirmatory studies with the protein are requested in parallel.     

Section 1.4.4.1(c): The text of this paragraph is covered by (a) and it is also covered in Part I 

within section 1 while reference to novel food regulation is not appropriate as guidance needs to 

be developed as mentioned above. However, the case of GM plants with stacked events where a 

90 day feeding study may be required was included to complete this section. 

Section 1.4.4.2: The term ‘structural alerts’ have been deleted as they are inherent 

characteristics of chemical substances or proteins. If structural alerts are identified the isolated 

substance/protein should be tested but not the whole food. 

Section 3.3: The first bullet point was modified to clarify that it refers to the comparative safety 

assessment and not to a comprehensive safety assessment. 
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ANNEX I: PREPARATION AND PRESENTATION OF APPLICATIONS 

PART I: GENERAL INFORMATION 

• Name and address of the applicant (company or institute);  

• Name, qualification and experience of the responsible scientist(s) and contact details 
of the responsible person for all dealings with EFSA; 

•  Designation and specification of the GM plant and derived product; 

• Scope of the application 

GM food 

� Food containing or consisting of GM plants 

� Food produced from GM plants or containing ingredients produced from GM plants 

GM feed 

� Feed containing or consisting of GM plants 

� Feed produced from GM plants 

GM plants for food or feed uses 

� Products other than food and feed containing of consisting of GM plants with the 
exception of cultivation 

� Seeds and plant propagating material for cultivation in the EU 

Where an application is limited to either food or feed use, it shall contain a verifiable 
justification explaining why the authorisation shall not cover both uses in accordance 
with Article 27 of Regulation (EC) No 1829/2003. 

• Unique identifier 

A proposal for a unique identifier for the GM plant and derived products in question, 
developed in accordance with Commission Regulation (EC) No 65/20041 of 14 
January 2004 establishing a system for the development and assignment of unique 
identifiers for genetically modified organisms shall be submitted. 

• Where applicable and where relevant to the risk assessment, a detailed description of 
the method of production and manufacturing. This would include, for example, a 
description of methods used to process the GM plant materials during the preparation 
of food/feed, food/feed ingredients, food/feed additives or food flavourings. 

                                                 
1  OJ L 10, 14.01.2004, p.5 -11 
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• Where appropriate, the conditions for placing on the market of the food(s) or feed(s) 
produced from it, including specific conditions for use and handling. 

PART II: SCIENTIFIC INFORMATION 

Depending on the scope (e.g. limited to derived products), not all the following requirements 
shall be provided in the application. 

1. HAZARD IDENTIFICATION AND CHARACTERISATION 

1.1. Information relating to the recipient or (where appropriate) parental plants 

• Complete name; (a) family name, (b) genus, (c) species, (d) subspecies, (e) 
cultivar/breeding line or strain, (f) common name. 

• Geographical distribution and cultivation of the plant, including its distribution in 
Europe. 

• Information on the recipient or parental plants relevant to their safety, including any 
known toxicity or allergenicity. 

• Data on the past and present use of the recipient organism, e.g. history of safe use for 
consumption as food or feed, including information on how the plant is typically 
cultivated, transported and stored, whether special processing is required to make the 
plant safe to eat, and the plant normal role in the diet (e.g. which part of the plant is 
used as a food source, whether its consumption is important in particular subgroups of 
the population, what important macro- or micro-nutrients it contributes to the diet). 

Additional information relating to the recipient or parental plants required for the 
environmental safety aspects: 

• Information concerning reproduction: (i) mode(s) of reproduction, (ii) specific factors 
affecting reproduction (if any), (iii) generation time;  

• Sexual compatibility with other cultivated or wild plant species. 

• Survivability: (a) ability to form structures for survival or dormancy, (b) specific 
factors (if any) affecting survivability. 

• Dissemination: (a) ways and extent of dissemination (to include, for example, an 
estimation of how viable pollen and/or seed declines with distance), (b) special factors 
affecting dissemination, if any. 

• Geographical distribution in Europe of the sexually compatible species. 

• In the case of a plant species not grown in the Member State(s), description of the 
natural habitat of the plant, including information on natural predators, parasites, 
competitors and symbionts.  
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• Other potential interactions of the GM plant with organisms in the ecosystem where it 
is usually grown, or used elsewhere, including information on toxic effects on 
humans, animals and other organisms. 

1.2. Molecular Characterisation 

1.2.1. Information relating to the genetic modification 

1.2.1.1. Description of the methods used for the genetic modification 

1.2.1.2. Nature and source of vector used 

1.2.1.3. Source of DNA used for transformation, size and intended function of each 
constituent fragment of the region intended for insertion 

1.2.2. Information relating to the GM plant 

1.2.2.1. Description of the trait(s) and characteristics which have been introduced or modified 

1.2.2.2. Information on the sequences actually inserted/deleted 

1.2.2.3. Information on the expression of the insert 

1.2.2.4. Genetic stability of the insert and phenotypic stability of the GM plant 

1.2.3. Additional information relating to the GM plant required for the environmental 
safety aspects 

1.2.3.1. Information on how the GM plant differs from the recipient plant in: reproduction, 
dissemination, survivability 

1.2.3.2. Any change to the ability of the GM plant to transfer genetic material to other 
organisms 

• Plant to bacteria gene transfer 

• Plant to plant gene transfer 

1.2.4  Conclusions of the Molecular characterisation 

1.3. Comparative analysis 

1.3.1. Choice of the conventional counterpart and additional comparators 

1.3.2. Experimental design and statistical analysis of data from field trials for comparative 
analysis 

1.3.2.1. Description of the protocol and the experimental design 

1.3.2.2. Statistical analysis 

Comment [divekzo1]: This is 
from the old version - does not 
correspond anymore to the 
structure of the present document�
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1.3.3. Selection of material and compounds for analysis 

1.3.4. Comparative analysis of composition 

1.3.5. Comparative analysis of agronomic and phenotypic characteristics 

1.3.6. Effects of processing 

1.3.7. Conclusion 

1.4. Toxicology 

1.4.1. Toxicological testing of newly expressed proteins 

1.4.2. Testing of new constituents other than proteins 

1.4.3. Information on natural food and feed constituents 

1.4.4. Testing of the whole GM food/feed 

1.4.4.1. 90-day feeding study in rodents 

1.4.4.2. Additional animal studies [with respect to reproductive, developmental or chronic 
toxicity] 

1.4.4.3. Other animal studies to examine the safety and the characteristics of GM food/feed 
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1.4.5. Conclusion of the toxicological assessment 

1.5. Allergenicity 

1.5.1. Assessment of allergenicity of the newly expressed protein 

1.5.2. Assessment of allergenicity of the whole GM plant or crop 

1.5.3. Conclusion of the allergenicity assessment 

1.6. Nutritional assessment 

1.6.1. Nutritional assessment of GM food 

1.6.2. Nutritional assessment of GM feed 

1.6.3. Conclusion of the nutritional assessment 

2. EXPOSURE ASSESSMENT - ANTICIPATED INTAKE/EXTENT OF USE 

3. RISK CHARACTERISATION 

4. POST-MARKET MONITORING ON GM FOOD/FEED 

5. ENVIRONMENTAL ASSESSMENT 

5.1. Mechanism of interaction between the GM plant and target organisms 

5.2. Potential changes in the interactions of the GM plant with the biotic 
environment resulting from the genetic modification 

5.2.1. Persistence and invasiveness 

5.2.2. Selective advantage or disadvantage  

5.2.3. Potential for gene transfer 

5.2.4. Interactions between the GM plant and target organisms 

5.2.5. Interactions of the GM plant with non-target organisms 

5.2.6. Effects on human health 

5.2.7. Effects on animal health 

5.2.8. Effects on biogeochemical processes 

5.2.9. Impacts of the specific cultivation, management and harvesting techniques 

5.3. Potential interactions with the abiotic environment 

6. ENVIRONMENTAL MONITORING PLAN 

6.1. General 
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6.2. Interplay between environmental risk assessment and monitoring 

6.3. Case-specific GM plant monitoring 

6.4. General surveillance of the impact of the GM plant 

6.5. Reporting the results of monitoring 

PART III: CARTAGENA PROTOCOL 

The application shall provide information required under Article 5(3)(c) and Article 17(3)(c) 
of Regulation (EC) No 1829/2003 for the purpose of complying with Annex II to the 
Cartagena Protocol on Biosafety to the Convention on Biological Diversity (the Cartagena 
Protocol). Depending on the scope of the application, the provided information shall contain 
as a minimum the information specified in Annexes II or III of Regulation (EC) No 
1946/2003 of 15 July 2003 of the European Parliament and of the Council on transboundary 
movements of genetically modified organisms2. 

The previous paragraph shall not apply to applications concerning only food and feed 
produced from GMOs or containing ingredients produced from GMOs. 

PART IV: LABELLING 

The application shall include: 

(a) A proposal for labelling in all official Community languages, where a proposal 
for specific labelling is needed in accordance with Articles 5(3)(f) and 17(3)(f) 
of Regulation (EC) No 1829/2003; 

(b) Either a reasoned statement that the food/feed does not give rise to ethical or 
religious concerns or a proposal for labelling in all official Community 
languages in accordance with Articles 5(3)(g) and 17(3)(g) of Regulation (EC) 
No 1829/2003; and, 

(c) When appropriate a proposal for labelling complying with the requirements of 
Annex IV, A(8) to Directive 2001/18/EC. 

PART V: METHODS OF DETECTION AND IDENTIFICATION AND REFERENCE MATERIAL 

1. The methods for detection and sampling shall be provided in accordance with Articles 
5(3)(i) and 17(3)(i) of Regulation (EC) No 1829/2003. A copy of the completed form for 
submission of the samples to the Community Reference Laboratory (CRL) and a proof of 
sending to the CRL (see point 2 below) shall also be provided. 

 

                                                 
2  OJ L 287, 5.11.2003, p.1. 
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2. Samples of the food and feed and their control samples and information as to the place 
where the reference material can be accessed shall be provided in accordance with Articles 
5(3)(j) and 17(3)(j) of Regulation (EC) No 1829/2003. They shall be directly sent to the CRL 
accompanied by the submission form and the pre-filled acknowledge of receipt below as well 
as by a copy of the documents describing the methods for detection and sampling. 

The following instructions shall be followed in the preparation and the sending of the 
samples. 

• The preparation of the samples and control samples shall follow the specifications laid 
down in: http://gmo-crl.jrc.ec.europa.eu 

• The parcel shall be specified to contain “Free samples”, and it shall include the list of 
all items and their storage instructions. In addition, it is recommended to send an 
advance notice of the arriving delivery (e.g. at the time of shipment) to: gmo-
validation@jrc.ec.europa.eu 
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FORM FOR THE SUBMISSION OF SAMPLES REFERRED TO IN ARTICLES 5(3)(J) AND 17(3)(J) OF 
REGULATION (EC) 1829/2003 TO THE COMMUNITY REFERENCE LABORATORY,  EUROPEAN 
COMMISSION - DG JOINT RESEARCH CENTRE 

 

“European Commission - DG Joint Research Centre 
Institute for Health and Consumer Protection 
Unit "Biotechnology and GMOs" 
Community Reference Laboratory 
TP 331 Via Fermi 1 
I-21020 
Ispra (VA), ITALY” 

 

Reference:       Date:       

 

The undersigned (name)       hereby submits samples of the food/feed and their control 
samples referred to in Articles 5(3)(j) and 17(3)(j) of Regulation (EC) No 1829/2003 for 
applications for authorisation in accordance with Articles 5 and 17 of that Regulation: 

 

1. Name of the food and/or feed 
2. Trade name (where applicable) 
3. Transformation event 
4. Unique identifier as defined in Regulation (EC) No 65/2004 
5. Place where the reference material can be accessed 

 

 An electronic version of this letter has also been sent to: 

EFSA: GMO@efsa.eu.int 

on:        (date of sending dd/mm/yyyy)  

 

Yours faithfully, 

Signature: 

Enclosures: samples, control samples  
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ACKNOWLEDGEMENT OF RECEIPT FOLLOWING THE SUBMISSION OF SAMPLES REFERRED TO 
IN ARTICLES 5(3)(J) AND 17(3)(J) OF REGULATION (EC) 1829/2003 TO THE COMMUNITY 
REFERENCE LABORATORY,  EUROPEAN COMMISSION - DG JOINT RESEARCH CENTRE 

 

Please write your return address below: 

 

 

 

 

 

 

 

Reference:       

 

I confirm that the samples and control samples, concerning the product as specified below 
have been received by the European Commission, Directorate-General Joint Research Centre, 
and will be the subject of the verification provided by Article 5 and/or 17 of Regulation (EC) 
No 1829/2003. 

An electronic version of this letter has also been sent to GMO@efsa.eu.int 

Name of the food and/or feed:        

Trade name (where applicable):        

Short description:         

 

Date: (dd/mm/yyyy) 

 

SIGNATURE:  

Stamp : 
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PART VI: ADDITIONAL INFORMATION TO BE PROVIDED FOR GMOS AND/OR FOOD/FEED 
CONTAINING OR CONSISTING OF GMOS 

The information required by Annex III to Directive 2001/18/EC as requested in accordance 
with Articles 5(5) and 17(5) of Regulation (EC) No 1829/2003 shall be provided where it is 
not yet covered by the requirements of other parts of the application. 

PART VII: SUMMARY OF APPLICATIONS FOR GENETICALLY MODIFIED PLANTS AND/OR 
DERIVED FOOD AND FEED 

According to Articles 5(3)(l) and 17(3)(l) of Regulation (EC) No 1829/2003, the applications 
shall include a summary of the dossier in a standardised and easily comprehensible and 
legible form. This part specifies the format of such summary for genetically modified plants 
and/or derived food and feed. Depending on the scope of the application, some of the 
requested information may not be applicable. The summary shall not contain parts which are 
considered to be confidential. 

1. GENERAL INFORMATION 

1.1. Details of application 

a) Member State of application 

b) Application number 

c) Name of the product (commercial and other names) 

d) Date of acknowledgement of valid application 

 

1.2. Applicant 

a) Name of applicant 

b) Address of applicant 

c) Name and address of the representative of the applicant established in the Community (if 
the applicant is not established in the Community) 

 

1.3. Scope of the application 

GM food 

� Food containing or consisting of GM plants 

� Food produced from GM plants or containing ingredients produced from GM plants 

Stamp : 
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GM feed 

� Feed containing or consisting of GM plants 

� Feed produced from GM plants 

GM plants for food or feed use 

� Products other than food and feed containing of consisting of GM plants with the 
exception of cultivation 

� Seeds and plant propagating material for cultivation in the EU 

 

1.4. Is the product or the uses of the associated plant protection product(s) already 
authorised or subject to an other authorisation procedure within the 
Community?  

Yes � No � 

If yes, specify 

 

1.5. Has the GM plant been notified under Part B of Directive 2001/18/EC? 

Yes � No � 

If no, refer to risk analysis data on the basis of the elements of Part B of Directive 2001/18/EC 

 

1.6. Has the GM plant or derived products been previously notified for marketing in 
the Community under Part C of Directive 2001/18/EC? 

Yes � No � 

If yes, specify 

 

1.7. Has the product been notified/authorised in a third country either previously or 
simultaneously? 

Yes � No � 

If yes, specify the third country and provide a copy of the risk assessment conclusions, the 
date of the authorisation and the scope. 
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1.8. General description of the product 

a) Name of the recipient or parental plant and the intended function of the genetic 
modification 

b) Types of products planned to be placed on the market according to the authorisation 
applied for and any specific form in which the product must not be placed on the market 
(seeds, cut-flowers, vegetative parts, etc.) as a proposed condition of the authorisation applied 
for 

c) Intended use of the product and types of users 

d) Any specific instructions and/or recommendations for use, storage and handling, including 
mandatory restrictions proposed as a condition of the authorisation applied for 

e) If applicable, geographical areas within the EU to which the product is intended to be 
confined under the terms of the authorisation applied for. 

f) Any type of environment to which the product is unsuited  

g) Any proposed packaging requirements 

h) Any proposed labelling requirements in addition to those required by law and when 
necessary a proposal for specific labelling in accordance with Articles 13(2), (3) and 
25(2)(c), (d) and 25(3) of Regulation (EC) No 1829/2003. In the case of GMOs, food 
and/or feed containing or consisting of GMOs, a proposal for labelling has to be included 
complying with the requirements of Annex IV, A(8) of Directive 2001/18/EC. 

i) Estimated potential demand 

(i) In the Community 

(ii) In export markets for EC supplies 

j) Unique identifier in accordance with Regulation (EC) No 65/2004 

 

1.9. Measures suggested by the applicant to take in case of unintended release or 
misuse as well as measures for disposal and treatment 
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2. INFORMATION RELATING TO THE RECIPIENT OR (WHERE APPROPRIATE) PARENTAL 
PLANTS 

2.1. Complete name 

a) Family name 

b) Genus 

c) Species 

d) Subspecies 

e) Cultivar/breeding line or strain 

f) Common name 

 

2.2. Geographical distribution and cultivation of the plant, including the distribution 
in Europe 

 

 

 

2.3. Information concerning reproduction (for environmental safety aspects) 

(a) Mode(s) of reproduction 

 

(b) Specific factors affecting reproduction 

 

(c) Generation time 

 

 

2.4. Sexual compatibility with other cultivated or wild plant species (for 
environmental safety aspects) 
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2.5. Survivability (for environmental safety aspects) 

a) Ability to form structures for survival or dormancy 

 

b) Specific factors affecting survivability 

 

 

2.6. Dissemination (for environmental safety aspects) 

a) Ways and extent of dissemination 

 

b) Specific factors affecting dissemination 

 

 

2.7. Geographical distribution in Europe of the sexually compatible species (for 
environmental safety aspects) 

 

 

 

2.8. In the case of plant species not normally grown in the Member State(s), 
description of the natural habitat of the plant, including information on natural 
predators, parasites, competitors and symbionts (for environmental safety 
aspects) 

 

 

 

2.9. Other potential interactions, relevant to the GM plant, of the plant with 
organisms in the ecosystem where it is usually grown, or used elsewhere, 
including information on toxic effects on humans, animals and other organisms 
(for environmental safety aspects) 
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3. MOLECULAR CHARACTERISATION 

3.1. Information relating to the genetic modification 

3.1.1. Description of the methods used for the genetic modification 

 

 

 

3.1.2. Nature and source of the vector used 

 

 

 

3.1.3  Source of donor DNA, size and intended function of each constituent fragment of the 
region intended for insertion 

 

 

 

3.2. Information relating to the GM plant 

3.2.1 Description of the trait(s) and characteristics which have been introduced or 
modified 

 

 

 

3.2.2. Information on the sequences actually inserted or deleted 

a) The copy number of all detectable inserts, both complete and partial 

 

b) In case of deletion(s), size and function of the deleted region(s) 
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c) Subcellular location(s) of insert(s) (nucleus, chloroplasts, mitochondria, or maintained in a 
non-integrated form), and methods for its determination 

d) The organisation of the inserted genetic material at each of the insertion site(s) 

e) In case of modifications other than insertion or deletion, describe function of the modified 
genetic material before and after the modification as well as direct changes in expression of 
genes as a result of the modification 

 

3.2.3. Information on the expression of the insert 

a) Information on developmental expression of the insert during the life cycle of the plant 

 

b) Parts of the plant where the insert is expressed  

 

 

3.2.4. Genetic stability of the insert and phenotypic stability of the GM plant 

 

 

 

3.2.5. Information (for environmental safety aspects) on how the GM plant differs from the 
recipient plant in 

a) Mode(s) and/or rate of reproduction 

 

b) Dissemination 

 

c) Survivability 

 

d) Other differences 
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3.2.6. Any change to the ability of the GM plant to transfer genetic material to other 
organisms (for environmental safety aspects) 

a) Plant to bacteria gene transfer 

 

b) Plant to plant gene transfer 

 

 

4. COMPARATIVE ANALYSIS 

4.1. Choice of the conventional counterpart and additional comparators 

 

 

4.2. Experimental design and statistical analysis of data from field trials for 
comparative analysis 

a) Description of the experimental design (Number of locations, growing seasons, 
geographical spread, replicates and number of commercial varieties in each location) 

 

 

4.3. Selection of material and compounds for analysis 

 

 

 

4.4. Comparative analysis of agronomic and phenotypic characteristics 

 

 

 

4.5. Effect of processing 
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5. TOXICOLOGY 

5.1. Toxicological testing of newly expressed proteins 

 

5.2. Testing of new constituents other than proteins 

 

5.3. Information on natural food and feed constituents 

 

5.4. Testing of the whole GM food/feed 

 

 

6. ALLERGENICITY 

6.1. Assessment of allergenicity of the newly expressed protein 

 

6.2. Assessment of allergenicity of the whole GM plant or crop 

 

 

7. NUTRITIONAL ASSESSMENT 

7.1. Nutritional assessment of GM food 

 

7.2. Nutritional assessment of GM feed 

 

8. EXPOSURE ASSESSMENT – ANTICIPATED INTAKE/EXTENT OF USE 
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9. RISK CHARACTERISATION 

 

 

 

 

 

10. POST-MARKET MONITORING ON GM FROOD/FEED 

 

 

11. ENVIRONMENTAL ASSESSMENT 

11.1. Mechanism of interaction between the GM plant and target organisms 

 

 

 

11.2. Potential changes in the interactions of the GM plant with the biotic 
environment resulting from the genetic modification 

11.2.1. Persistence and invasiveness 

 

11.2.2. Selective advantage or disadvantage  

 

11.2.3. Potential for gene transfer  

 

11.2.4. Interactions between the GM plant and target organisms 
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11.2.5. Interactions of the GM plant with non-target organisms  

 

11.2.6. Effects on human health  

 

11.2.7. Effects on animal health  

 

11.2.8. Effects on biogeochemical processes  

 

11.2.9. Impacts of the specific cultivation, management and harvesting techniques  

 

 

11.3. Potential interactions with the abiotic environment 

 

 

 

12. ENVIRONMENTAL MONITORING PLAN  

12.1. General (risk assessment, background information) 

 

12.2. Interplay between environmental risk assessment and monitoring 

 

12.3. Case-specific GM plant monitoring (approach, strategy, method and analysis) 

 

12.4. General surveillance of the impact of the GM plant (approach, strategy, method and 
analysis) 

 

12.5. Reporting the results of monitoring 
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13. DETECTION AND EVENT-SPECIFIC IDENTIFICATION TECHNIQUES FOR THE GM 
PLANT  

 

 

 

14. INFORMATION RELATING TO PREVIOUS RELEASES OF THE GM PLANT (FOR 
ENVIRONMENTAL SAFETY ASPECTS) 

14.1. History of previous releases of the GM plant notified under Part B of the 
Directive 2001/18/EC and under Part B of Directive 90/220/EEC by the same 
notifier 

a) Notification number 

 

b) Conclusions of post-release monitoring 

 

c) Results of the release in respect to any risk to human health and the environment (submitted 
to the Competent Authority according to Article 10 of Directive 2001/18/EC) 

 

 

14.2. History of previous releases of the GM plant carried out outside the Community 
by the same notifier 

a) Release country 

 

b) Authority overseeing the release 

 

c) Release site 
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d) Aim of the release 

 

e) Duration of the release 

 

f) Aim of post-releases monitoring 

 

g) Duration of post-releases monitoring 

 

h) Conclusions of post-release monitoring 

 

i) Results of the release in respect to any risk to human health and the environment 
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ANNEX II  

SCIENTIFIC REQUIREMENTS FOR RISK ASSESSMENT CONCERNING FOOD 
AND FEED SAFETY ASPECTS  
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PART I 86 

PRINCIPLES AND STRATEGIES FOR RISK ASSESSMENT OF GENETICALLY 87 
MODIFIED ORGANISMS 88 

1. GENERAL PRINCIPLES GOVERNING THE COMPARATIVE APPROACH FOR THE RISK 89 
ASSESSMENT OF GM PLANTS 90 

The risk assessment strategy for GMOs seeks to deploy appropriate methods and approaches 91 
to compare the GMO and derived products with their conventional counterpart3. The 92 
underlying assumption of this comparative assessment approach for GM plants is that 93 
traditionally cultivated crops have a history of safe use for the average consumer or animals. 94 
These crops can serve as a baseline for the food/feed safety assessment of GMOs. To this end 95 
the concept of substantial equivalence was developed by the OECD (OECD, 1993) and 96 
further elaborated by WHO/FAO (WHO/FAO, 2000) for the assessment of the food safety of 97 
GMOs. The risk assessment starts with the comprehensive molecular characterisation of the 98 
organisms in question followed by the comparative analysis of the relevant characteristics of 99 
the GMO and its conventional counterpart with the objectives to characterise the intended 100 
effect of the genetic modification and to identify potential unintended effects. The risk 101 
assessment then focuses on food/feed safety issues and the nutritional impact issues on any 102 
intended or unintended identified differences. 103 

Where no conventional counterpart (s) can be identified, a comparative safety assessment 104 
cannot be made and a comprehensive safety and nutritional assessment of the GM crop 105 
derived food/feed per se should be carried out. This would for instance be the case where the 106 
GM food/feed is not closely related to a food/feed with a history of safe use or where a 107 
specific trait or specific traits are introduced with the intention of changing significantly the 108 
composition of the crop. 109 

1.1. Concept of substantial equivalence or comparative safety assessment 110 

The concept of substantial equivalence is based on the idea that an existing organism used as 111 
food/feed with a history of safe use, can serve as a comparator when assessing the safety of 112 
the GM food/feed (OECD, 1993). Application of this concept, also denoted as comparative 113 
safety assessment (Kok and Kuiper, 2003), serves the purpose of identifying similarities and 114 
differences between the GM crop-derived food/feed and the non-GM comparator (or 115 
conventional counterpart). The outcome of this comparative analysis will further structure the 116 
subsequent assessment procedure, which may include further specific safety, and nutritional 117 
testing. This approach should provide evidence on whether or not the GM crop-derived 118 
food/feed is as safe as the conventional counterpart. The first step of the approach is the 119 
comparative analysis of the agronomic, and phenotypic characteristics of the organisms in 120 
question, as well as their chemical composition. Such comparisons should be made between 121 
the GM plant and its conventional counterpart grown under the same regimes and 122 
environmental conditions.  123 

                                                 
3 As defined in Article 2(12) of Regulation (EC) No 1829/2003, "conventional counterpart" means a 

similar food or feed produced without the help of genetic modification (as defined in Directive 
2001/18/EC) and for which there is a well-established history of safe use. 
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Intended and unintended effects 124 

Introduction of gene(s) in an organism or any other type of genetic modification may result in 125 
intended and/or unintended effects in the modified organism. The safety assessment is 126 
focussed on the identification and characterisation of such effects with respect to a possible 127 
impact on human/animal health. 128 

Intended effects are those that are targeted to occur from the introduction of the gene(s) in 129 
question and which fulfil the original objectives of the genetic modification process. 130 
Alterations in the phenotype may be identified through a comparative analysis of growth 131 
performance, yield, disease resistance, etc. Intended alterations in the composition of a GM 132 
plant compared to its conventional counterpart, e.g. the parent, may be identified by 133 
measurements of single compounds e.g. newly expressed proteins, macro- and micro-nutrients 134 
(targeted approach). Analytical methods used shall meet specific quality and validation 135 
criteria. 136 

Unintended effects are considered to be consistent differences between the GM plant and its 137 
conventional counterpart, which go beyond the primary intended effect(s) of a genetic 138 
modification. Unintended effect(s) could potentially be linked to genetic rearrangements or 139 
metabolic perturbations and may be predicted or explained in terms of our current knowledge 140 
of plant biology and metabolic pathway integration and interconnectivities. Unintended 141 
effects may be detected through the comparison of the agronomic and phenotypic or 142 
compositional characteristics of the GM plant with its conventional counterpart cultivated 143 
under the same conditions. A starting point in the identification of potential unintended effects 144 
is analysis of the transgene flanking regions to establish whether the insertion is likely to 145 
impact the function of any endogenous gene of known or predictable function. Furthermore, a 146 
comparative and targeted analysis should be carried out on single compounds in the GM 147 
organism and its conventional counterpart, which represent components of important 148 
metabolic pathways in the organism. The components will include macronutrients, 149 
micronutrients and secondary metabolites as well as known anti-nutrients and toxins. 150 
Statistically significant differences between GM lines and their conventional counterpart, 151 
which are not due to the intended modification, may indicate the occurrence of unintended 152 
effects, and should be assessed specifically with respect to their safety, allergenic and 153 
nutritional impact. 154 

2. THE OBJECTIVES OF THE DIFFERENT STEPS OF THE RISK ASSESSMENT PROCEDURE 155 
FOR GM PLANTS AND DERIVED FOOD/FEED AND ISSUES TO BE CONSIDERED 156 

2.1. Objectives of the different steps of the risk assessment  157 

2.1.1. Hazard identification 158 

Hazard identification may be defined as the identification of biological, chemical, and 159 
physical agents capable of causing adverse health effects and which may be present in a 160 
particular food or group of foods4. Hazard identification is the first step in risk assessment and 161 
in case of GM plants is focussed on the identification of differences between the GM plant 162 
and its conventional counterpart by using comparative analysis of compositional, agronomic 163 
and phenotypic characteristics. Identification of differences will determine the additional 164 

                                                 
4   Codex Alimentarius Commission, Procedural Manual, 17th edition. 
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studies required to characterise these differences with respect to possible impact on 165 
human/animal health. 166 

2.1.2. Hazard characterisation 167 

Hazard characterisation is defined as "the qualitative and/or quantitative evaluation of the 168 
nature of the adverse health effects associated with biological, chemical and physical agents 169 
which may be present in food. For chemical agents, a dose response assessment should be 170 
performed. For biological or physical agents, a dose-response assessment should be 171 
performed if the data are obtainable"4. 172 
This step is focussed on a possible quantification of the toxicological/nutritional potential of 173 
identified differences between the GM plant and derived food/feed and the conventional 174 
counterpart. 175 
The hazard characterisation may be provided useful information from studies on laboratory 176 
animals and/or target animals. An appropriate test model (animal species) and suitable test 177 
material should be used in order to generate data identifying the onset of adverse effects, and 178 
a possible dose-response relationships. 179 

 180 

 181 

2.1.3. Exposure assessment 182 

The aim of the exposure assessment is the quantitative estimation of the likely exposure of 183 
humans and animals to GM plant and derived products (e.g. food/feed, pollen, new 184 
constituents)4. With regard to humans and animals, an exposure assessment characterises the 185 
nature and size of the populations exposed to a source and the magnitude, frequency and 186 
duration of that exposure. For exposure assessment, it is necessary that every significant 187 
source of exposure is identified. In particular it is of interest to establish whether the intake of 188 
the GM plant derived products and new constituents are expected to differ from that of the 189 
conventional product which it may replace. In this respect specific attention will be paid to 190 
that GM food/feed which is aimed at modifying nutritional quality. This category of GM 191 
food/feed may require post-market monitoring to confirm the conclusion of the exposure 192 
assessment (see annex III of this Regulation). 193 

2.1.4. Risk characterisation 194 

 195 

Risk characterisation is defined as the qualitative and/or quantitative estimation, including 196 
attendant uncertainties, of the probability of occurrence and severity of known or potential 197 
adverse health effects in a given population based on hazard identification, hazard 198 
characterization and exposure assessment. 199 

 200 

2.2. Elements to be considered for the risk assessment of GM plants 201 

The following elements shall be considered for the risk assessment of GM plants and 202 
products:  203 

(a) the characteristics of the donor and recipient organisms;  204 
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(b) the genetic modification and its functional consequences, intended as well as 205 
unintended; 206 

(c) the compositional characteristics;  207 

(d) the agronomic and phenotypic characteristics; 208 

(e) the influence of processing on the characteristics of the food or feed; 209 

(f) a potential for changes in dietary intake; 210 

(g) the potential toxicity and allergenicity of gene products, plant metabolites and 211 
the whole GM plant; 212 

(h) the potential for nutritional impact. 213 

3. SPECIFIC CONSIDERATIONS  214 

3.1. Insertion of marker genes and other DNA not essential to achieved the desired 215 
trait 216 

During the process of genetic modification of plants and other organisms, marker genes are 217 
normally used to facilitate the selection and identification of genetically modified cells, 218 
containing the gene of interest inserted into the genome of the host organism, among the vast 219 
majority of untransformed cells. These marker genes shall be carefully selected as they will be 220 
subject to a safety assessment.(see also EFSA opinion on ARM genes to be published).  221 

3.2. Risk assessment of genetically modified plants containing stacked 222 
transformation events combined by conventional crossing 223 

The risk assessment of stacked events combined by conventional crossing shall follow the 224 
general principles provided in this annex although, on a case-by-case basis, not all 225 
components of part II of this annex may be relevant. Conversely, additional information may 226 
be required. 227 

Where all single events have been assessed by the EFSA GMO Panel, the risk assessment of 228 
stacked events should mainly focus on issues related to a) stability of the insert(s), b) 229 
expression of the events and c) potential synergistic or antagonistic effects resulting from the 230 
combination of the events. 231 

If each event in the highest number of stacked events has been risk assessed, the risk 232 
assessment of the stacked events might also be applicable to GM stacks containing fewer of 233 
these events. Thus a single risk assessment of such a stack could cover all combinations with 234 
fewer of these events. However, applicants need to take into account the potential impact of 235 
any reduction in the number of events involved and should provide scientific arguments to 236 
support the use of higher level stacks under these circumstances with respect to a, b and c of 237 
the paragraph above .238 
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PART II 239 

GUIDELINES FOR THE SUBMISSION OF INFORMATION AND STUDIES 240 
CONCERNING FOOD AND FEED SAFETY ASPECTS 241 

1. HAZARD IDENTIFICATION AND CHARACTERISATION 242 

1.1. Information relating to the recipient or (where appropriate) parental plants 243 

Comprehensive information relating to the recipient or (where appropriate) the parental plants 244 
shall be provided 245 

– to evaluate all issues of potential concern, such as the presence of natural toxins or 246 
allergens; 247 

– to identify the need for specific analyses. 248 

 249 

The applicant shall provide the following information: 250 

(a) Complete name; (a) family name, (b) genus, (c) species, (d) subspecies, (e) 251 
cultivar/breeding line or strain, (f) common name; 252 

(b) Geographical distribution and cultivation of the plant, including its distribution 253 
in Europe; 254 

(c) Information on the recipient or parental plants relevant to their safety, 255 
including any known toxicity or allergenicity; 256 

(d) Data on the past and present use of the recipient organism. This information 257 
shall include the history of safe use for consumption as food or feed, 258 
information on how the plant is typically cultivated, transported and stored, 259 
whether special processing is required to make the plant safe to eat, and 260 
describe the normal role of the plant in the diet (e.g. which part of the plant is 261 
used as a food/feed source, whether its consumption is important in particular 262 
subgroups of the population, what important macro- or micro-nutrients it 263 
contributes to the diet). 264 

1.2. Molecular Characterisation 265 

1.2.1. Information relating to the genetic modification 266 

Sufficient information shall be provided on the genetic modification: 267 

– to identify the DNA intended for transformation and related vector sequences 268 
potentially delivered to the recipient plant; 269 

– to provide the necessary information for the characterisation of the DNA actually 270 
inserted in the plant. 271 
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1.2.1.1. Description of the methods used for the genetic modification  272 

The applicant shall provide information on the following: 273 

(a) the method of genetic transformation including relevant references; 274 

(b) the recipient plant material;  275 

(c) the strain of Agrobacterium if used during the genetic transformation process; 276 

(d) the helper plasmids, if used during the genetic transformation process; 277 

(e) the source of carrier DNA, if used during the genetic transformation process. 278 

1.2.1.2. Nature and source of vector used  279 

The applicant shall provide the following information: 280 

(a) a physical map of the functional elements and other plasmid/vector components 281 
together with the relevant information needed for the interpretation of the 282 
molecular analyses (e.g. restriction sites, the position of primers used in PCR, 283 
location of probes used in Southern analysis). The region intended for insertion 284 
should be clearly indicated; 285 

(b) a table identifying each component of the plasmid/vector (including the region 286 
intended for insertion), its size, its origin and its intended function. 287 

1.2.1.3. Source of DNA used for transformation, size and intended function of each 288 
constituent fragment of the region intended for insertion 289 

Information on the donor organism(s) and on the DNA sequence(s) intended to be inserted 290 
shall be provided in order to determine whether the nature of the donor organism(s) or the 291 
DNA sequence(s) may trigger any safety issue. 292 

Information regarding the function of the DNA region(s) intended for insertion shall comprise 293 
the following elements: 294 

(a) the complete sequence of the DNA intended to be inserted, including 295 
information on any deliberate alteration(s) to the corresponding sequence(s) in 296 
the donor organism(s); 297 

(b) history of safe use of the gene product(s) arising from the regions intended for 298 
insertion; 299 

(c) data on the possible relationship of the gene products with known toxins, anti-300 
nutrients and allergens. 301 

 302 

Information regarding each donor organism shall comprise: 303 

– taxonomic classification; 304 
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– history of use regarding food and feed safety. 305 

1.2.2. Information relating to the GM plant 306 

1.2.2.1. General description of the trait(s) and characteristics which have been introduced or 307 
modified  308 

Information provided under this point may be limited to a general description of the 309 
introduced trait(s) and the resulting changes to the phenotype and metabolism of the plant. 310 

1.2.2.2. Information on the sequences actually inserted/deleted 311 

The applicant shall provide the following information: 312 

(a) the size and copy number of all detectable inserts, both complete and partial; 313 
this is typically determined by Southern analysis. Probe/restriction enzyme 314 
combinations used for this purpose should provide complete coverage of 315 
sequences that could be inserted into the host plant, such as any parts of the 316 
plasmid/vector or any carrier or foreign DNA remaining in the GM plant. The 317 
Southern analysis should span the entire transgenic locus(i) as well as flanking 318 
sequences and include all appropriate controls. 319 

(b) the organisation and sequence of the inserted genetic material at each insertion 320 
site; 321 

(c) in the case of deletion(s), size and function of the deleted region(s), whenever 322 
possible; 323 

(d) sub-cellular location(s) of insert(s) (integrated in nuclear-, plastid-, or 324 
mitochondrial chromosomes, or maintained in a non-integrated form) and 325 
methods for its determination; 326 

(e) sequence information for both 5’ and 3’ flanking regions at each insertion site, 327 
with the aim of identifying interruptions of known ORFs5 or regulatory 328 
regions. Bioinformatic analysis should be conducted using up-to-date 329 
databases with the aim of  performing both intraspecies and interspecies 330 
homology searches;  331 

(f) ORFs created as a result of the genetic modification either at the junction sites 332 
with genomic DNA or due to internal rearrangements of the inserts. The ORFs 333 
shall be analysed between stop codons, not limiting their lengths. 334 
Bioinformatic analyses shall be conducted to investigate possible similarities 335 
with known toxins or allergens using up-to-date databases. The characteristics 336 
and versions of the databases shall be provided. Depending on the information 337 
gathered, further analyses may be needed to complete the risk assessment. 338 

                                                 
5 Open Reading Frames shall be defined as any nucleotide sequence that contains a string of codons that 

is uninterrupted by the presence of a stop codon in the same reading frame. 
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1.2.2.3. Information on the expression of the insert  339 

Information shall be provided: 340 

– to demonstrate whether the intended changes in expression have been achieved; 341 

– to characterise the potential unintended expression of new ORFs identified under 342 
1.2.2.2  as raising a safety concern. 343 

The applicant shall provide the following information: 344 

(a) Methods used for expression analyses together with the raw datasets; 345 

(b) Information on developmental expression of the insert during the life cycle of 346 
the plant. The requirement for information on developmental expression shall 347 
be considered on a case-by-case basis taking into account the promoter used, 348 
the intended effect of the modification and scope of the application; 349 

(c) Parts of the plant where the insert is expressed. Data on expression levels from 350 
those parts of the plant that are used for food/feed purposes are considered 351 
necessary in all cases. Where tissue-specific promoters have been used, 352 
information may be requested on expression of target genes in other plant parts 353 
relevant for risk assessment. 354 

(d) Potential unintended expression of new ORFs identified under 1.2.2.2 as 355 
raising a safety concern; 356 

(e) The range of concentrations of newly produced proteins or existing plant 357 
proteins deliberately modified in the GM food(s) and feed(s) to be placed on 358 
the market; 359 

(f) Protein expression data should be obtained from field trials and be related to 360 
the conditions in which the crop is grown. Expression analysis could be carried 361 
out in parallel with compositional analysis as specified in Section 1.3.2.; 362 

(g) Depending on the nature of the insert, information on the RNA levels could 363 
also be necessary; 364 

(h) With regard to the stacking of events by conventional crossing, data shall be 365 
provided to establish that the combination of events does not raise any 366 
additional safety concerns over protein and trait expression compared with the 367 
single events. On a case-by-case basis, and where concerns arise, additional 368 
information may be necessary. 369 

1.2.2.4. Genetic stability of the insert and phenotypic stability of the GM plant  370 

Information shall be provided: 371 

– to demonstrate the genetic stability of the transgenic locus(i) and the phenotypic 372 
stability and inheritance pattern(s) of the introduced trait(s); 373 
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– in case of stacked events, to establish that each of the events stacked in the plant 374 
has the same molecular properties and characteristics as in the individual events 375 
separately. 376 

Applicants shall provide data from multiple generations or vegetative cycles for single events. 377 
The source of the material used for the analysis shall be specified. Data shall be analysed 378 
using appropriate statistical methods. 379 

For stacked events comparisons between the insert structures in the original events and the 380 
GM stacks could be carried out using plant materials representative of those designed for 381 
commercial production. The applicant should justify the plant material used.  382 

To assess genetic stability of the event(s), applicants shall use appropriate molecular 383 
approaches detailed in section 1.2.2.2 384 

Conclusions of the Molecular characterisation   385 

� The molecular characterisation shall provide data on the structure of the insert (s), 386 
expression and stability of the intended trait(s). This shall also apply to situations 387 
where events have been stacked by conventional breeding.  388 

� It shall be specifically indicated whether the molecular characterisation of the genetic 389 
modification(s), including stacked events, raises safety concerns with regard to the 390 
potential production of proteins/products other than those intended. 391 

� The molecular characterisation shall specifically aim to identify whether the genetic 392 
modification(s) raise(s) any issues regarding the potential for producing new toxins or 393 
allergens.  394 

� The potential unintended changes identified in this section shall be addressed in the 395 
relevant complementary part(s) of the safety assessment. 396 

1.3. Comparative analysis 397 

The comparative analysis of composition and agronomic and phenotypic characteristics 398 
represents, together with the molecular characterisation, the starting point to structure and 399 
conduct the risk assessment of a new GM plant and its derived products. It aims at: 400 

– identifying similarities and differences in composition, agronomic performance 401 
and phenotypic characteristics (intended and unintended alterations) between the 402 
GM plant and its conventional counterpart;  403 

– identifying similarities and differences in composition between the GM food/feed 404 
and its conventional counterpart. 405 

Where no appropriate conventional counterpart can be identified, a comparative safety 406 
assessment cannot be made and thus a safety and nutritional assessment of the products 407 
produced from the GM crop shall be carried out that do not have conventional counterparts]. 408 
This would be the case where the GM food/feed is not closely related to a food/feed with a 409 
history of safe use or where a specific trait or specific traits are introduced with the intention 410 
of bringing significant changes in the composition. 411 

Comment [divekzo4]: MC 
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1.3.1. Choice of the conventional counterpart6 and additional comparators 412 

In the case of vegetatively propagated crops, the conventional counterpart shall, in principle, 413 
be the non-GM isogenic variety used to generate the transgenic lines and with a history of 414 
safe use.  415 

In the case of crops that reproduce sexually, the conventional counterpart shall have a genetic 416 
background that is as close as possible to the GM plant and with a history of safe use (since 417 
many crops used to produce food and feed are developed using back-crossing, it is important 418 
that in such cases, tests for phenotypic, agronomic and compositional similarity use a 419 
conventional counterpart with a genetic background that is as close as possible to the GM 420 
plant). 421 

In all cases, information on the breeding scheme (pedigree) in relation to both the GM plant 422 
and the conventional counterpart and justification for the use of the selected conventional 423 
counterpart shall be provided. In addition, the applicant may consider the inclusion of a 424 
comparator having a closer genetic background to the GM plant than the conventional 425 
counterpart (such as a negative segregant).  426 

In the case of herbicide tolerant GM plants, three test materials shall be compared: the GM 427 
plant exposed to the intended herbicide, the conventional counterpart treated with 428 
conventional herbicide management regimes and the GM plant treated with the same 429 
conventional herbicide(s). Such comparison allows the assessment of whether the expected 430 
agricultural practices influence the expression of the studied endpoints. 431 

 432 
The appropriate conventional counterpart for stacked events shall be selected in accordance 433 
with the principles defined previously in the present section. In addition, single parental GM 434 
lines or GM lines containing previously stacked events that have been fully risk assessed may 435 
also be included as additional comparators. The applicant shall provide detailed information 436 
justifying the choice of additional comparators.  437 

 438 

1.3.2. Experimental design and statistical analysis of data from field trials for comparative 439 
analysis 440 

1.3.2.1. Principles of experimental design 441 

Field trials used for production of material for the comparative analysis shall be performed in 442 
order to assess similarities and differences between three test materials: the GM crop, its 443 
conventional counterpart and commercial varieties: the objective is to determine whether the 444 
GM plant and/or derived food feed is different from its conventional counterpart and/or 445 
equivalent to commercial varieties with a history of safe use. 446 

For each endpoint, the comparative analysis shall involve two approaches: (i) a proof of 447 
difference, to verify whether the GM plant is different from its conventional counterpart and 448 
might therefore be considered a hazard (potential risk) depending on the type of the identified 449 

                                                 
6 As defined in Article 2(12) of Regulation (EC) No 1829/2003, "conventional counterpart" means a 

similar food or feed produced without the help of genetic modification and for which there is a well-
established history of safe use. 
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difference, extent and pattern on exposure; and (ii) a proof of equivalence to verify whether 450 
the GM plant is equivalent or not to commercial varieties with a history of safe use, apart 451 
from the introduced trait(s). In testing for difference the null hypothesis is that there is no 452 
difference between the GMO and its conventional counterpart against the alternative 453 
hypothesis that a difference exists. In testing for equivalence the null hypothesis is that the 454 
difference between the GMO and the set of commercial varieties is at least as great as a 455 
specified minimum size (see section 1.3.2.3.) against the alternative hypothesis that there is no 456 
difference or a smaller difference than the specified minimum between the GMO and the 457 
commercial varieties. Rejection of the null hypothesis is required in order to conclude that the 458 
GMO and the set of commercial varieties are unambiguously equivalent for the endpoint 459 
considered. The equivalence limits used for the test of equivalence shall represent 460 
appropriately the range of natural variation expected for commercial varieties with a history 461 
of safe use. The advantage of using both a test of difference and a test of equivalence is the 462 
provision of a richer framework within which the conclusions of both types of assessment are 463 
allowed. The two approaches are complementary: statistically significant differences may 464 
point to biological changes caused by the genetic modification, but these may or may not be 465 
relevant from the viewpoint of food safety. The combination of both tests gives more 466 
information for the subsequent toxicological assessment following risk characterization of the 467 
statistical results. Further discussion of the principles of equivalence testing, with practical 468 
examples, is given in EFSA (2009). 469 

 470 

Natural variation may have several sources: variation within a variety arises due to 471 
environmental factors and variation between varieties arises due to a combination of both 472 
genetic and environmental factors. In order to identify and estimate differences attributable 473 
only to genotypes it is essential to control environmental variability. Therefore, commercial 474 
varieties shall be included in the experimental design of the field trials and in sufficient 475 
numbers to ensure an adequate estimate of the variability required to set the equivalence 476 
limits. All test materials (GM crop, conventional counterpart, commercial varieties and any 477 
additional test material, where appropriate) shall all be randomized to plots within a single 478 
field at each site, usually in a completely randomized or randomized block experimental 479 
design. The different sites selected for the trials shall be representative of the range of 480 
receiving environments where the crop will be grown, thereby reflecting relevant 481 
meteorological, soil and agronomic conditions; the choice shall be justified explicitly. The 482 
choice of commercial varieties shall be appropriate for the chosen sites and shall be justified 483 
explicitly. Environmental variation is manifest at two scales: site-to-site and year-to-year: 484 
many years are required to capture adequately the full range of the year-to-year variation. 485 
Since the primary concern is not environmental variation per se, but whether potential 486 
differences between the test materials vary across environmental conditions, this experimental 487 
design defines a minimum number of sites for replication of the field trials, but allows 488 
flexibility in the number of years over which those trials are conducted. In the case that sites 489 
cover a very restricted geographic range, then replication of trials over more than one year is 490 
required. 491 

This experimental design aims at maximizing the efficiency within available resources and 492 
providing sufficient statistical power for a wide variety of endpoints with differing variability. 493 
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1.3.2.2. Specific protocols for experimental design 494 

Within each site the GM crop, its conventional counterpart and any additional test material, 495 
where appropriate, shall be identical for all replicates. In addition, unless there is explicit 496 
justification, at each site there shall be at least 3 appropriate commercial varieties of the crop 497 
that have a known history of safe use. The number of distinct test materials plus the number 498 
of commercial varieties is denoted by t. For example, if there are the GM crop, the 499 
conventional counterpart plus four commercial varieties, then t=6. The number of results to be 500 
obtained for each test material and commercial variety at each site (the replication) is denoted 501 
as r. The minimum requirements for replication that follow were chosen to give an 502 
appropriate number of plots on the basis both of extensive experience with field trials and 503 
levels of degrees of freedom for desired precision in simple designed experiments. The 504 
minimum level of replication shall be an integer greater or equal to [15/(t-1)]+1.  505 

For example, if t=5 (the minimum value) then r, the replication, shall be at least 5; if t=6 then 506 
r shall be at least 4, etc. Notwithstanding these rules, the replication for a field trial shall never 507 
be less than r=4 at any site. 508 

Each field trial shall be replicated at a minimum of 8 sites, chosen to be representative of the 509 
range of likely receiving environments where the crop will be grown. The trials may be 510 
conducted in a single year, or spread over multiple years. The commercial varieties may vary 511 
between sites, but unless there is explicit justification, there shall be at least 6 different 512 
commercial varieties used over the entire set of trials.  513 

When it is desirable to assess several different GM plants for one crop species (e.g. Zea mays) 514 
the production of material for the comparative assessment of these different GM crops may be 515 
produced simultaneously, at the same site and within the same field trial, by the placing of the 516 
different GM plants and their appropriate conventional counterparts in the same randomized 517 
block. This is subject to two conditions which shall be strictly met: (i) each of the appropriate 518 
counterpart shall always occur together with its particular GM crop in the same block; (ii) all 519 
the different GM crops and their counterparts and all the commercial varieties used to test 520 
equivalence with those GM crops shall be fully randomized within each block. 521 

As an example, suppose at a particular site, GM1, GM2 and GM3 denote three different GM 522 
maize crops; NIC1, NIC2 and NIC3 denote their respective conventional counterparts; and 523 
that CV1, CV2, CV3 and CV4 denote four commercial varieties to be used for the estimation 524 
of equivalence limits and equivalence testing of the three GM crops. Then, assuming that a 525 
minimum number of four randomized blocks are used, one example of the randomized 526 
allocation of plants to plots within blocks may be: 527 
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 528 

Plot Block 
1 2 3 4 5 6 7 8 9 10 

1 GM2 CV2 CV1 GM3 NIC3 NIC1 CV3 GM1 NIC2 CV4 

2 CV2 GM2 CV3 NIC3 NIC2 GM1 NIC1 CV4 CV1 GM3 

3 NIC1 NIC3 GM1 CV1 GM3 NIC2 CV2 CV4 CV3 GM2 

4 GM3 GM2 CV1 NIC1 CV2 NIC2 NIC3 CV3 CV4 GM1 

 529 

For the purposes of statistical analysis the GM crops shall all be assessed separately. Hence, 530 
for GM1, only plots 2, 3, 6, 7, 8, 10 in block 1 enter the analysis; for GM2, only plots 1, 2, 3, 531 
7, 9, 10 in block 1, enter the analysis, and similarly for GM3. 532 

If the number of plots per block required for such a trial were to exceed 16, then a partially 533 
balanced incomplete block design may be used, if desired, to reduce the number of plots per 534 
block, by excluding some of the GM crops and their appropriate comparator(s) from each 535 
block. This is subject to two conditions which shall be strictly met: (i) each conventional 536 
counterpart shall always occur together with its particular GM crop in the same block; (ii) all 537 
of the commercial varieties shall appear in each of the incomplete blocks and be fully 538 
randomized with the GM crops and their conventional counterparts. 539 

For example, a trial at a site with 5 commercial varieties, each to be tested for equivalence 540 
against 6 different GM crops, each with its conventional counterpart, would require a 541 
minimum of 4 randomized blocks each with 17 plots per block. These could be replaced, if 542 
desired, by 6 incomplete randomized blocks each of 13 plots per block, each comprising the 5 543 
commercial varieties plus 4 of the 6 GM crops, each with its appropriate conventional 544 
counterpart. As already stated above for the case of a single GM crop assessment, when 545 
several different GM crops are used simultaneously at the same site in this way, all of the 546 
crops involved and all of the commercial varieties in the trial shall be appropriate for that site, 547 
and the requirement of a minimum of 4 replicates per site and of 8 sites in total is unchanged. 548 

The field trials shall be adequately described, giving information on important parameters 549 
such as management of the field before sowing, date of sowing, soil type, herbicide use, 550 
climatic and other cultivation/environmental during growth and time of harvest, as well as the 551 
conditions during storage of the harvested material. 552 

 553 

(c) Statistical analysis 554 

Analysis of data shall be presented in a clear format, using standardised scientific units. The 555 
raw data and the programming code used for the statistical analysis shall be given in an 556 
editable form. 557 

Data transformation may be necessary to ensure normality and to provide an appropriate scale 558 
on which statistical effects are additive. For many endpoint response variables, a logarithmic 559 
transformation may be appropriate. In such cases, any difference between the GM and any 560 
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other test material is interpreted as a ratio on the natural scale. However, for other endpoints 561 
the logarithmic transformation may not be optimal and the natural scale or another scale may 562 
be more suitable.  563 

The analysis shall address all field trials simultaneously and shall be based on the full dataset 564 
from all sites. 565 

The applicant shall provide for each site a table or graph, giving, for each (transformed) 566 
endpoint, the means and standard errors of means of the GM crop, its conventional 567 
counterpart, the commercial varieties and any other test material, where applicable.  568 

The total variability in each endpoint observed in the field trials shall be estimated and 569 
partitioned using an appropriate statistical model in order to derive a confidence interval and 570 
to set equivalence limits (FDA, 2001) based on the variability observed among the 571 
commercial varieties. The confidence interval is used in the test of difference and in the test of 572 
equivalence, whereas equivalence limits are used only in the latter. 573 

Linear mixed models are recommended for the statistical analysis of differences, the 574 
estimation of equivalence limits representing the range of background variation for 575 
commercial varieties, and equivalence testing. These mixed models shall include but not be 576 
restricted to the following factors, each with a number of levels appropriate to the chosen 577 
experimental design: (i) fixed factor(s) describing the appropriate contrasts between GM crop, 578 
comparator(s) and the group of all commercial varieties; (ii) a random factor describing the 579 
variation within the group of commercial varieties; (iii) a random factor describing variation 580 
between sites; (iv) a random factor describing variation between blocks within sites; and (v) a 581 
random factor describing the interaction between commercial varieties and sites, commonly 582 
termed the genotype x environment interaction. 583 

Full details shall be given, for each endpoint analysed, listing: (a) the assumptions underlying 584 
the analysis, (b) full specification of the model chosen, including indication of fixed and 585 
random effects, (c) results of any test of interaction between the test materials and sites, (d) 586 
degrees of freedom, (e) the estimated variation for each fixed effect, together with the 587 
appropriate estimated residual variation with which it is compared, and appropriate variance 588 
components for the random factors, (f) any other relevant statistics. The likely impact of other 589 
growing conditions not tested in the trial shall be discussed. 590 

The analysis proceeds by testing for difference and for equivalence applying the same mixed 591 
model described above to each endpoint. Specifically, for a particular endpoint the mean 592 
difference between the GM and its conventional counterpart is computed and a 90% 593 
confidence interval constructed around it. In addition, an upper and lower equivalence limit 594 
shall be set for each endpoint, according to the variability observed between commercial 595 
varieties. Each equivalence limit shall be calculated as the estimated mean of all commercial 596 
varieties plus or minus the product of t times the standard error of the difference between the 597 
mean GM and the mean of the commercial varieties, estimated from the mixed model above. 598 
Here, t represents the two-tailed 95th percentile of the t distribution with appropriate degrees 599 
of freedom from the mixed model, calculated if necessary using the Kenward-Roger method. 600 
Upper and lower equivalence limits are assumed to be symmetrical, as expected for a normal 601 
distribution, around the point estimator of the mean of all commercial varieties. 602 

All these calculated quantities shall be displayed, for all the endpoints simultaneously, on a 603 
single graph or a few graphs. The graph shall show the line of zero difference between the 604 
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GM and its conventional counterpart and, for each endpoint: the lower and upper equivalence 605 
limits, the mean difference between the GM and its conventional counterpart and its 606 
confidence interval (see figure 1). 607 

When in addition to the conventional counterpart other test material(s) is used as 608 
comparator(s), the mean difference and its confidence interval for all comparators shall be 609 
displayed on one graph, referring all of these to the same zero line defined by the 610 
conventional counterpart. For example, suppose that for a particular endpoint the mean for the 611 
GM was 0.60, the mean for its conventional counterpart was 0.29, the mean of the 612 
commercial varieties was 0.50, the mean of the additional comparator was 0.46, the lower 613 
equivalence limit was 0.19, and the upper equivalence limit was 0.81. Then on the graph, all 614 
values would be referred to the baseline of 0.29, and the mean GM would be displayed as 615 
0.31, the additional comparator as 0.17, the lower equivalence limit as -0.1, and the upper 616 
equivalence limit as 0.52.  There is no need for the mean of the commercial varieties about 617 
which the equivalence limits are symmetric to be displayed, but if it were it would be 618 
displayed as 0.21. Note that the line of zero difference on the logarithmic scale corresponds to 619 
a multiplicative factor of unity on the natural scale. The horizontal axis shall be labelled with 620 
values that specify the change on the natural scale. In the case of logarithmic transformation, 621 
changes of 2x and ½x will appear equally spaced on either side of the line of zero difference. 622 
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 624 

Figure 1. Simplified version of a graph for comparative assessment. The 7 outcome types possible for one single 625 
endpoint are shown. Only the upper equivalence limit is considered. Shown are: the mean of the GM crop on an 626 
appropriate scale (square), its confidence interval (bar), a vertical line indicating zero difference (for proof of 627 
difference), and vertical lines indicating equivalence limits on the same scale (for proof of equivalence).  For 628 
outcome types 1, 3 and 5 the null hypothesis of no difference cannot be rejected: for outcomes 2, 4, 6 and 7 the 629 
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GM crop is different from its comparator. Regarding interpretation of equivalence, four categories (i) - (iv) are 630 
identified: in categories (i) and (iv) there is a significant equivalence and non-equivalence, respectively, in 631 
categories (ii) and (iii) equivalence and non-equivalence, respectively, are more likely than not.   632 

 633 

Both the difference test and the equivalence test may be implemented using the well-known 634 
correspondence between hypothesis testing and the construction of confidence intervals. In 635 
the case of equivalence testing the approach used shall follow the two one-sided tests (TOST) 636 
methodology (e.g. Schuirmann, 1987) by rejecting the null hypothesis when the entire 637 
confidence interval falls between the equivalence limits. The choice of the 90% confidence 638 
interval corresponds to the customary 95% level for statistical testing of equivalence. 639 

Since the confidence interval graph is used also for the test of difference, each difference test 640 
will have a 90% confidence level. Although 1 in 10 of these tests is expected to yield a 641 
significant result by chance alone, the applicant shall report and discuss all significant 642 
differences observed between the GMO, its conventional counterpart and, where applicable, 643 
any other test material, focussing on their biological relevance (see section 3. on Risk 644 
Characterisation). 645 

Regarding proof of difference, each outcome from the graph shall be categorised as follows 646 
and the respective appropriate conclusion shall be drawn: 647 

• Outcome types 1, 3 and 5: the confidence interval bar overlaps with the line of no-648 
difference. The null hypothesis of no difference cannot be rejected and the appropriate 649 
conclusion is that there is no evidence that the GM crop and its conventional 650 
counterpart differ. 651 

• Outcome types 2, 4, 6 and 7: the confidence interval bar does not overlap with the line of 652 
no-difference. The null hypothesis of no difference must be rejected and the appropriate 653 
conclusion is that the GM crop is different from its conventional counterpart.   654 

 655 

Regarding proof of equivalence, each outcome from the graph shall be categorised as follows, 656 
and the respective appropriate conclusion shall be drawn: 657 

• Outcome types 1 and 2: the confidence interval bar lies entirely between the equivalence 658 
limits. The appropriate conclusion is that the GM is equivalent to the set of commercial 659 
varieties. 660 

• Outcome types 3 and 4: the confidence interval bar lies between the equivalence limits, 661 
but at least one of the ends of the confidence interval falls outside the equivalence limits 662 
on the graph. The appropriate conclusion is that equivalence between the GM and the 663 
set of commercial varieties is more likely than not. Further evaluation may be required. 664 

• Outcome types 5 and 6: the confidence interval bar lies outside the equivalence limits, but 665 
the confidence interval overlaps with at least one of the equivalence limits. The 666 
appropriate conclusion is that equivalence between the GM and the set of commercial 667 
varieties is less likely than not. Further evaluation is required. 668 
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• Outcome type 7: the confidence interval bar lies entirely outside the equivalence limits. 669 
The appropriate conclusion is that there is non-equivalence between the GM and the set 670 
of commercial varieties. Further evaluation is required.  671 

 672 

In case of significant difference and/or lack of equivalence, further analysis shall be done to 673 
assess whether there are interactions between any of the test material and site, possibly using 674 
a standard ANOVA approach. Whatever approach is adopted, details shall be given, for each 675 
endpoint analysed, listing: (a) the assumptions underlying the analysis, and, when appropriate: 676 
(b) degrees of freedom, (c) the estimated residual variation for each source of variation, and 677 
variance components, (d) any other relevant statistics. These additional analyses are intended 678 
to aid the interpretation of any significant differences found and to study potential interactions 679 
between test materials and other factors. 680 

 681 

 682 

1.3.3. Selection of material and compounds for analysis 683 

Analysis of the composition is crucial when comparing the GM plant and/or derived 684 
food/feed product with its conventional counterpart. The material to be used for the 685 
comparative assessment shall be selected while taking into account the uses of the GM plant 686 
and the nature of the genetic modification. Analysis shall normally be carried out on the raw 687 
agricultural commodity, as this usually represents the main point of entry of the material into 688 
the food/feed production and processing chain. Additional analysis of processed products 689 
(food/feed, food ingredients, feed materials, food/feed additives or food flavourings), may be 690 
necessary on a case-by-case basis (see also section 1.3.6.). The preparation of the tested 691 
material and the analyses shall be carried out according to appropriate quality standards. 692 

1.3.4. Comparative analysis of composition 693 

Besides the analysis on the level of the newly expressed proteins (see section 1.2.2.), the 694 
compositional analysis shall be carried out on an appropriate range of compounds. In each 695 
case, proximates(Proximate analysis), fibre fractions, non structural carbohydrates, key 696 
macro- and micro-nutrients, anti-nutritional compounds, natural toxins, and allergens shall be 697 
determined. Information on the key nutrients, anti-nutrients, and toxins as well as other 698 
secondary plant metabolites characteristic for specific crop plant species are provided in 699 
OECD consensus documents on compositional considerations for new plant varieties being 700 
published in the Series [?]on the Safety of Novel Foods and Feeds. 701 

Key nutrients are those components that have a major impact on the diet, i.e. proteins, 702 
carbohydrates, lipids/fats, fibre, vitamins and minerals. The vitamins and minerals selected for 703 
analysis shall be those which are present at levels which are nutritionally significant and/or 704 
which make nutritionally significant contributions to the diet at the levels at which the plant is 705 
consumed. The specific analyses required will depend on the plant species examined, but shall 706 
include a detailed assessment appropriate to the intended effect of the genetic modification, 707 
the considered nutritional value and use of the plant. For example, a fatty acid profile shall be 708 
included for oil-rich plants (main individual saturated, mono-unsaturated and poly-709 
unsaturated fatty acids) and an amino acid profile (individual protein amino acids and main 710 
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non-protein amino acids) for plants used as an important protein source. Measures of plant 711 
cell wall components are also required for the vegetative parts of plants used for feed 712 
purposes. 713 

Key toxins are those compounds, inherently present in the recipient plant, whose toxic 714 
potency and levels may adversely affect human/animal health. The concentrations of such 715 
compounds shall be assessed according to plant species and the proposed use of the food/feed 716 
product (NETTOX, 1998).  717 

Similarly, anti-nutritional compounds, such as digestive enzyme inhibitors, and already 718 
identified  allergens shall be studied. Compounds other than the key nutrients, key toxins, and 719 
anti-nutrients and allergens identified by the OECD consensus documents may be included in 720 
the analyses on a case-by-case basis. The OECD consensus documents, therefore, provide a 721 
minimum list of compounds for analysis. The characteristics of the introduced trait may 722 
trigger further analysis of specific compounds including metabolites of potentially modified 723 
metabolic pathways. 724 

For events stacked by conventional crossing the selection of the nutrients, anti-nutrients, 725 
allergens and natural toxins to be analysed and considered in the comparative assessment shall 726 
be carried out as well according to OECD consensus documents on the key components. 727 
Where appropriate, on a case-by-case basis additional compounds could be selected for 728 
analysis depending upon the introduced traits. 729 

1.3.5. Comparative analysis of agronomic and phenotypic characteristics 730 

Compositional analysis represents a key component of the comparative approach for 731 
identifying unintended effects during the risk assessment process. However, unintended 732 
effects may also manifest themselves through, for example, changes in susceptibility to biotic 733 
and abiotic stresses, through morphological and developmental changes or through modified 734 
responses to agronomic and crop management regimes. Therefore, the comparison between 735 
the GM plant and its conventional counterpart shall address also plant biology and agronomic 736 
traits, including common breeding parameters (e.g. yield, plant morphology, flowering time, 737 
day degrees to maturity, duration of pollen viability, response to plant pathogens and insect 738 
pests, sensitivity to abiotic stress). The protocols of these field trials shall follow the 739 
specifications made under section 1.3.2. 740 

Where events are stacked by conventional crossing there may also be changes to agronomic 741 
and phenotypic characteristics. Possible differences in phenotypic characteristics and 742 
agronomic properties of stacks shall be assessed in field trials over at least one season. On a 743 
case-by-case basis, additional information on agronomic traits of the stacked events may be 744 
necessary from additional field trials. 745 

1.3.6. Effects of processing 746 

Food or feed produced from GM plants may include food ingredients, feed materials, food 747 
additives, feed additives, flavourings, and certain products used in animal nutrition. These 748 
compounds can range from single compounds to complex mixtures. Genetic modification can 749 
target metabolic pathways resulting in changes in the concentration of non-protein substances 750 
or in new metabolites (e.g. nutritionally enhanced foods, functional foods). 751 
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Processing includes, for example, making silage, oilseed extraction, refining or fermentation. 752 
Processed products may be assessed together with the assessment of the GM plant for the 753 
safety of the genetic modification, or a processed product may be assessed separately. The 754 
applicant shall provide the scientific rationale for the risk assessment of these products. On a 755 
case-by-case basis, experimental data may be required. 756 

The applicant shall assess whether or not the processing and/or preserving technologies 757 
applied are likely to modify the characteristics of GM end products compared with their 758 
respective conventional counterpart. This would require the description of the different 759 
processing technologies in sufficient detail, paying special attention to the steps which may 760 
lead to significant changes in the product content, quality or purity. If the GM plant (or 761 
relevant parts of it) is considered safe for consumption, and there is no reason to suspect that 762 
the products would be any different from their respective conventional counterpart, further 763 
toxicological tests with the processed products are normally not requested. This is also the 764 
case when the product is assessed separately and there is no reason to suspect that it would be 765 
any different from its conventional counterpart. Depending on the product, information may 766 
be necessary on the composition, level of undesirable substances, nutritional value and 767 
metabolism, as well as on the intended use. 768 

The applicant shall assess any potential risk associated with horizontal gene transfer from the 769 
processed product to humans, animals and micro-organisms, shall intact and functional DNA 770 
remain after the processing events. Depending on the nature of the newly expressed 771 
protein(s), it may be necessary to assess the extent to which the processing steps lead to the 772 
concentration or to the elimination, denaturation and/or degradation of these protein(s) in the 773 
final product. 774 

1.3.7. Conclusion 775 

The conclusion of the comparative analysis shall clearly state: 776 

 777 
(a) whether agronomic and phenotypic characteristics of the GM plant are, except for the 778 
introduced trait(s), different to the characteristics of its conventional counterpart and/or 779 
equivalent or not to the reference varieties, taking into account natural variation; 780 
 781 
(b) whether compositional characteristics of the GM food/feed are, except for the introduced 782 
trait(s), different to the characteristics of its conventional counterpart and/or equivalent or not 783 
to the reference varieties, taking into account natural variation; 784 
 785 
(c) whether there are characteristics for which the GM plant or the GM food/feed are, except 786 
for the introduced trait(s), different to the characteristics of its conventional counterpart and/or 787 
not equivalent to the reference varieties, taking into account natural variation, which need 788 
further investigation.  789 
 790 
(d) whether, in the case of events stacked by traditional crossing, there are indications of 791 
interactions between the combined events. 792 
 793 
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1.4. Toxicology  794 

The toxicological impact of any changes resulting from the expression of introduced genes or 795 
any other type of genetic modification, e.g. gene silencing or over-expression of an 796 
endogenous gene, shall be assessed. 797 

Toxicological assessment shall identify, adverse effects of single compounds and determine 798 
the highest dose level(s) that do not result in adverse effects. From data obtained from an 799 
appropriate animal study an acceptable daily intake (ADI) for humans may be derived by 800 
using uncertainty or safety factors that take into account differences between test animal 801 
species and humans, and inter-individual variations among humans. This internationally 802 
accepted approach is similar to that applied for testing chemicals in foods and is described in 803 
detail by FOSIE, the European project “Food Safety in Europe: Risk Assessment of 804 
Chemicals in Food and Diet” (FOSIE, 2002, EFSA opinion on benchmark approach in 805 
preparation). 806 

Toxicological assessment shall be performed: 807 

(a) to demonstrate that the intended effect(s) of the genetic modification has no 808 
adverse effects on human and animal health. The potential deviations from the 809 
conventional counterpart may require different toxicological approaches and 810 
varying degrees of testing. 811 

(b) to demonstrate that unintended effect(s) of the genetic modification(s) that 812 
have been identified or assumed to have occurred based on the preceding 813 
comparative molecular, compositional or phenotypic analyses, have no adverse 814 
effects on human and animal health.  815 

The requirements of toxicological testing shall be considered on a case-by-case basis and will 816 
be determined by the outcome of the comprehensive comparative analysis, i.e. the differences 817 
identified between the GM product and its conventional counterpart, including intended as 818 
well as unintended changes. In principle, the assessment shall consider the presence of (a) 819 
newly expressed proteins, (b) the potential presence of other new constituents and/or (c) 820 
possible changes in the level of natural constituents beyond normal variation. The specific 821 
information requirements and testing strategies are outlined in the following sections.  822 

There may be circumstances, when the applicant considers that a decision on safety can be 823 
taken without conducting some of the tests recommended in this chapter (see below) and/or 824 
that other tests are more appropriate. In such cases the applicant shall state the reasons for not 825 
submitting the required or recommended studies or for carrying out studies other than those 826 
mentioned below. 827 

Toxicology studies designed to evaluate risks to human and/or animal health complement 828 
each other. Most studies recommended for the assessment of the safety of the GM food are 829 
relevant for the assessment of GM feed. Testing methodologies are basically the same and the 830 
same level of data quality is required. 831 

Besides the exposure of consumers and animals through intake of food and feed, any adverse 832 
effect(s) on individuals that could be due to their exposure to GM food/feed material as part 833 
of their professional activities e.g. farming, seed processing shall be reported by the applicant. 834 
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Appropriate studies shall be performed to further characterise these indications of potential 835 
adverse effects. 836 

 837 

 838 

1.4.1. Testing of newly expressed proteins 839 

All newly expressed proteins shall be evaluated. The studies required to investigate the 840 
potential toxicity of a newly expressed protein shall be selected on a case-by-case basis, 841 
depending on the knowledge available with respect to the protein's source, function/activity 842 
and history of human/animal consumption. In the case of proteins expressed in the GM plant 843 
where both the plant and the newly expressed proteins have a history of safe use7, specific 844 
toxicity testing may not be required. 845 

If specific testing is required, it is essential that the tested protein is equivalent to the newly 846 
expressed protein as it is expressed in the GM plant. If, due to the lack of sufficient amount of 847 
test materials (e.g. plant proteins), a protein produced by micro-organisms is used, the 848 
structural, biochemical and functional equivalence of this microbial substitute to the newly 849 
expressed plant protein shall be demonstrated. In particular, comparisons of the molecular 850 
weight, amino acid sequence, post-translational modification, immunological reactivity and, 851 
in the case of enzymes, the enzymatic activity, are needed to provide evidence for the 852 
equivalence. In case of differences between the plant expressed protein and its microbial 853 
substitute the significance of these differences for the safety studies shall be evaluated. 854 

To demonstrate the safety of newly expressed proteins, the applicant shall provide: 855 

(a) A molecular and biochemical characterisation of the newly expressed protein, 856 
including determination of the primary sequence, molecular weight, studies on post-857 
translational modifications and a description of the function. In the case of newly 858 
expressed enzymes, information on the enzyme activities including the temperature 859 
and pH range for optimum activity, substrate specificity, and possible reaction 860 
products shall also be provided. Also the potential interaction with other plant 861 
constituents should be evaluated. 862 

(b) An up-to-date search for homology to proteins known to cause adverse effects, 863 
e.g. toxic proteins. A search for homology to proteins exerting a normal 864 
metabolic or structural function may also contribute valuable information. The 865 
database(s) and the methodology used to carry out the search shall be 866 
specified. 867 

(c) A description of the stability of the protein under processing and storage 868 
conditions and the expected treatment of the food/feed. The influences of 869 
temperature and pH changes shall normally be examined and potential 870 
modification(s) of the proteins (e.g. denaturation) and/or production of stable 871 
protein fragments generated through such treatments shall be characterised. 872 

                                                 
7 for consumption as food (Codex Alimentarius, 2003) 
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(d) Data concerning the resistance of the newly expressed protein to proteolytic 873 
enzymes (e.g. pepsin), e.g. by in vitro investigations using appropriate and 874 
standardised tests. Stable breakdown products shall be characterised and 875 
evaluated with regard to the potential risks linked to their biological activity. 876 

(e) Repeated dose toxicity studies using laboratory animals.  Such studies are of 877 
particular importance in case the newly expressed protein is  structurally and 878 
functionally related to proteins which have the potential to adversely affect 879 
human or animal health. 880 

(f) If a repeated dose toxicity study is required, a repeated dose 28-day oral 881 
toxicity study with the newly expressed protein in rodents shall be performed 882 
(OECD, 1995). Depending on the outcome of the 28-day toxicity study, further 883 
targeted investigations may be required an analysis of immunotoxicity. 884 

Acute toxicity testing of the newly expressed proteins of GM plants is of little additional 885 
value for the risk assessment of the repeated human and animal consumption of GM food/feed 886 
and is therefore discouraged. 887 

When the genetic modification results in the expression of two or more proteins in the GM 888 
plant and, based on scientific knowledge, a possibility of synergistic or antagonistic 889 
interactions of safety concerns is identified, studies with combined administration of proteins 890 
shall be performed. 891 

 892 

1.4.2. Testing of new constituents other than proteins  893 

Identified new constituents other than proteins shall be evaluated. This may include 894 
toxicological testing on a case-by-case basis, which includes an assessment of their toxic 895 
potency and occurrence in the GM food/feed. To establish the safety of new constituents 896 
having no history of safe use8, information analogous to that described in the “Guidance on 897 
submissions for food additive evaluations by the Scientific Committee on Foods” (SCF, 2001) 898 
and Commission Regulation (EC) No 429/2008 of 25 April 2008 on detailed rules for the 899 
implementation of Regulation (EC) No 1831/2003 of the European Parliament and of the 900 
Council as regards the preparation and the presentation of applications and the assessment and 901 
the authorisation of feed additives9 shall be provided. This implies the submission of 902 
information on a core set of studies and the consideration of whether or not any other type of 903 
study might also be appropriate. Normally, the core set includes information on 904 
metabolism/toxicokinetics, sub-chronic toxicity, genotoxicity, chronic toxicity, 905 
carcinogenicity and reproduction and developmental toxicity (for specific OECD guidelines 906 
for animal tests, see Table 1 of section 1.7). Genotoxicity test protocols are given in Table 2 907 
of section 1.7. 908 

                                                 
8 for consumption as food (Codex Alimentarius, 2003) 
9  OJ L 133, 22.5.2008, p.1. 
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1.4.3. Information on natural food and feed constituents 909 

The present section shall only apply when the intended or unintended effect of the 910 
modification is that the content of such natural food and feed constituents is altered beyond 911 
the natural variation. 912 

Natural food and feed constituents comprise a large variety of substances: macro- and 913 
micronutrients, anti-nutrients, and natural toxins as well as other secondary plant metabolites. 914 
To demonstrate the safety of the altered content of natural food and feed constituents a 915 
detailed risk assessment based on the knowledge of the physiological function and/or toxic 916 
properties of these constituents shall be submitted. The result of this assessment will 917 
determine if, and to what extent, toxicological tests shall be provided. 918 

1.4.4  Test methods for single substances 919 

 920 

Internationally agreed protocols and test methods described by the OECD (OECD, 1995) or in 921 
accordance with the requirements of Article 13 of Regulation (EC) No 1907/2006 of the 922 
European Parliament and of the Council of 18 December 2006 concerning the Registration, 923 
Evaluation, Authorisation and Restriction of Chemicals (REACH) and establishing a 924 
European Chemicals Agency10 shall be used for toxicity testing. Adaptations of these 925 
protocols or use of any methods that differ from such protocols shall be justified. Studies shall 926 
be carried out according to the principles of Good laboratory Practice (GLP) described in 927 
Directive 2004/10/EC of the European Parliament and of the Council of 11 February 2004 on 928 
the harmonisation of laws, regulations and administrative provisions relating to the 929 
application of the principles of good laboratory practice and the verification of their 930 
applications for tests on chemical substances11 and be accompanied by a statement of GLP-931 
compliance. A non-exhaustive list of validated test protocols is provided in section 1.7. 932 

 933 

1.4.4. Testing of the whole GM food/feed  934 

The risk assessment of the GM plant and derived food/feed is primarily based on molecular 935 
characterisation, comparative agronomic, phenotypic and comprehensive compositional 936 
analysis, and the toxicological evaluation of the identified intended and unintended effects. 937 
Under the circumstances presented hereunder, specific toxicological studies with the whole 938 
GM food/feed shall be carried out.  939 

. 940 

1.4.4.1. 90-day feeding study in rodents 941 

The design of the 90-day rodent feeding study for assessment of the safety and nutritional 942 
properties of the GM food and feed shall be adapted from the OECD 90-day oral rodent 943 
toxicity study, Guideline 408 (OECD, 1995). The aim of the study is to establish whether the 944 
GM food and feed is as safe and nutritious as its traditional comparator, and to demonstrate the 945 
absence of unintended changes in the GM food of toxicological concern (EFSA, , 2008).  946 

                                                 
10  OJ L 396, 30.12.2006, p.1. 
11  OJ L 50, 20.02.2004, p.44. 
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Special attention must be paid to the selection of doses and the avoidance of problems of 947 
nutritional imbalance. The highest dose level should be the maximum achievable without 948 
causing nutritional imbalance. Stability of test diets and nutritional equivalence between 949 
control and test diets are other important aspects to consider. If designed and carried out 950 
properly such a study is of sufficient specificity, sensitivity and predictivity to act as a sentinel 951 
study in order to detect in a comparative manner toxicologically relevant differences as well as 952 
nutritional deficiencies/improvements that may be due to the expression of new substances, 953 
intended alterations in levels of natural compounds or unintented effects (König, A. 2004, 954 
Report of the EFSA GMO Panel working group on Animal Feeding Trials, 2008).  955 

When such studies are conducted, the control diet(s) shall include the conventional 956 
counterpart and where appropriate additional comparator(s). 957 

 958 

Ninety-day studies with rodents are normally of sufficient duration for the identification of 959 
general toxicological effects of compounds that would also be seen after chronic exposure. In 960 
general, long term, chronic toxicity testing of whole GM food and feed is not expected to 961 
generate information additional to what is already known from subchronic testing and from in 962 
silico/in vitro testing. However, the subchronic, 90-day rodent feeding study is not designed to 963 
detect effects on reproduction or development, other than effects on adult reproductive organ 964 
weights and histopathology. 965 

The applicant shall include a 90-day feeding study in rodents in the following cases: 966 

(a) GM plants with extensive intended genetic modifications  967 

In case the composition of the GM plant is modified substantially, the testing program shall 968 
include at least a 90-day feeding study in rodents. 969 

Examples are GM plants which have been extensively modified in order to cope with 970 
environmental stress conditions like drought or high salt conditions, and GM plants with 971 
quality or output traits with the purpose to improve human or animal nutrition and/or health. 972 
Through insertion of multiple genes or gene cassettes the internal metabolism in these GM 973 
plants may have changed significantly, leading to profound compositional alterations which 974 
may have an impact on the health or nutritional status of the consumer. Moreover besides 975 
intended alterations in the composition, unintended and unpredicted changes may take place, 976 
which may not always be detected by the usual compositional analyses of major macro and 977 
micro nutrients, or naturally occurring toxins, and which may impact on human/animal health 978 
or nutritional status.  979 

 980 

(b) Indications for unintended effects and remaining uncertainties in risk assessment 981 

If there are indications or remaining uncertainties regarding the potential occurrence of 982 
unintended effects, based on the preceding molecular, agronomical, phenotypical and/or 983 
compositional analysis, the testing program shall include at least a 90-day toxicity study in 984 
rodents. 985 

Indications for unintended effects from molecular characterization 986 

The molecular characterisation of the GM event shall specifically identify whether the 987 
event(s) raise(s) any issues regarding the potential for alterations in metabolic pathways 988 
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which may have a negative impact on the safety and nutritional value of the GM plant 989 
and derived food/feed like for instance the production of new toxins.  990 

To this end information on the sequences actually inserted/deleted in the GM plant, on 991 
the organisation of the inserted genetic material at the insertion site, and sequence 992 
information on flanking regions may indicate possible interruptions of known open 993 
reading frames (ORFs) or regulatory regions and/or on the potential for producing 994 
novel chimeric proteins.  995 

Indications for unintended effects from the comparative analysis 996 

Each of the outcomes of the comparative analysis, as described in Section 1.3, shall be 997 
evaluated with respect to possible impact on the safety and/or nutritional properties of 998 
the GM crop, in particular those situations where differences in composition between 999 
the GM plant and its conventional counterpart have been observed and where 1000 
equivalence cannot unambiguously be established. In this respect, the applicant shall 1001 
assess the information on the type and function of the constituent(s), which showed a 1002 
difference, its relevance for human/animal health (essential nutrient), and its 1003 
toxicological profile. The outcome of this assessment shall determine whether animal 1004 
feeding trials with the whole food/feed shall be performed. 1005 

(c) Stacked events 1006 

In the case of GM plants obtained through conventional breeding of parental GM lines 1007 
(stacked events), possible interactions between the expressed proteins, new metabolites and 1008 
original plant constituents should be assessed. If the potential for adverse interactions is 1009 
identified, feeding trials with the GM food/feed are required. Indications for possible 1010 
interactions may be provided by (i) the outcome of the molecular analysis, (ii) the knowledge 1011 
of the mode of action of the newly expressed proteins, (iii) information on the response to 1012 
combined administration of proteins to target organisms and (iv) information on the effects on 1013 
the activity of target enzymes.  1014 

 1015 

1.4.4.2.  Animal studies with respect to reproductive and developmental toxicity testing 1016 

The subchronic 90-day rodent feeding study is not designed to detect effects on reproduction 1017 
or development, other than effects on adult reproductive organ weights and histopathology. 1018 
Thus, in some cases, testing of  the whole food and feed beyond a 90-day rodent feeding 1019 
study may be needed. 1020 

In cases of indications from the subchronic study (e.g. functional, and/or histological 1021 
modifications of nervous, endocrine, reproductive or immunological tissues/organs) or other 1022 
information on whole GM plant derived food and feed suggest the potential for reproductive, 1023 
developmental or chronic toxicity, the performance of such testing shall be considered. OECD 1024 
protocols for reproductive, developmental and chronic toxicity testing (see Table 1 of section 1025 
1.7) can be adapted for the testing of whole GM plant derived food and feed. 1026 
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1.4.4.3. Other animal studies to examine the safety and the characteristics of GM food/feed 1027 
(see also sections 1.6.1. and 1.6.2.) 1028 

Supplemental information to 90-day feeding studies in rodents on the possible influence of 1029 
intended and unintended effects may be obtained from comparative growth studies conducted 1030 
with young rapidly growing animal species (broiler chicks as animal model for non-1031 
ruminants; lambs for ruminants; or other rapidly growing species). Because of their rapid 1032 
weight gain such animals are sensitive to the presence of certain undesirable substances in 1033 
their feed (ILSI, 2003). Studies of this type are, however, limited to those materials suitable 1034 
for inclusion in their diets and which can be nutritionally matched to a suitable control diet.  1035 

Livestock feeding studies with target animal species shall be considered, on a case-by-case 1036 
basis and be hypothesis driven. The focus shall be on the safety of newly expressed 1037 
constituents, on the identification and characterisation of unintended effects, and on the 1038 
nutritional impact of any intentional, substantial, compositional modifications of the GM 1039 
plant (see also section 1.6 and EFSA, 2008) 1040 

1.4.4.4. Interpretation of relevance of animal studies 1041 

Any effects observed in the animal trials shall be evaluated by experts in order to identify 1042 
relevant effects. The experts’ experience will facilitate the interpretation of the observed 1043 
effects with respect to potential consequences for the health of humans and animals and thus 1044 
assess their relevance for the safety of food and feed derived from the GM product. This 1045 
interpretation may be supported by additional information and considerations, including the 1046 
examples discussed below. 1047 

Information on the background variability in a given parameter may be obtained from data 1048 
from other animals of the same species/strain tested in the same or other experiments, or from 1049 
internationally harmonised databases. Even if the change observed in a certain parameter falls 1050 
within this background range of variability, further considerations are required with respect to 1051 
a dose-response relationship, gender specificity, and linkage with other changes, to identify 1052 
any plausible cause. 1053 

Dose-response relationships in parameters that have been changed (i.e. commensurate 1054 
increases in changes at increased doses) provide a strong indication for an effect of the tested 1055 
compound. Conversely, the absence of such a dose-response relationship may indicate that the 1056 
effect is accidental or spurious. 1057 

In tests where animals of both genders are used, changes occurring in animals of one gender 1058 
only may still be relevant indicators of an effect, depending on the parameter being changed 1059 
and the mechanism by which the change may have been caused. For example, animals of one 1060 
gender may be more or even specifically prone to changes caused by a certain compound than 1061 
animals of the other gender, such as in the case of endocrine effects. 1062 

Possible inter-relationships between observed changes in single parameters may strengthen 1063 
the notion that an effect has occurred. For example, liver damage, which may be observed in 1064 
the liver itself as a change in histopathology, gross pathology, and organ weights, may also be 1065 
evident from the changed levels of certain liver-derived compounds, such as enzymes, 1066 
bilirubin, etc., in serum. 1067 
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With regard to the potential cause for an observed effect, the likelihood of causality shall be 1068 
taken into account, not only for the test compound, but also for other factors that may have 1069 
also influenced the outcomes (e.g. body weight decrease due to reduced intake of less 1070 
palatable diet). Supportive data for a hypothesis of causality between the test compound and 1071 
effects in test animals may include, for example, predictive data for plausible effects from in 1072 
vitro and in silico experiments and dose-response relationships observed in the animal test. 1073 

1.4.5. Conclusion of the toxicological assessment 1074 

The conclusion of the toxicological assessment shall indicate whether: 1075 

(a) the information provided and the testing strategy used to assess the intended 1076 
and/or unintended changes of the GM food/feed are considered adequate. 1077 

(b) Potential adverse effects identified in other parts of the safety assessment have 1078 
been confirmed or discarded; 1079 

(c) the available information on the newly expressed protein(s) and other new 1080 
constituents resulting from the genetic modification gives indications of 1081 
potential adverse effects in particular, whether and at which dose levels adverse 1082 
effects were identified in specific studies;  1083 

(d) the information on natural constituents of which the levels are different from 1084 
those in its conventional counterpart provides indications of potential adverse 1085 
effects, in particular, whether and at which dose levels adverse effects were 1086 
identified in specific studies; 1087 

(e) adverse effects have been identified in the studies made on the whole GM 1088 
food/feed and at which dose levels; 1089 

 1090 

The results of the toxicological characterisation shall be evaluated in the light of anticipated 1091 
intake of the GM food/feed. 1092 

1.5. Allergenicity 1093 

Allergy is an adverse reaction which, by definition, is immune-mediated and particularly 1094 
involves IgE antibodies. It affects individuals who have a genetic predisposition (i.e. atopic 1095 
individuals). This section mainly deals with the risks to those individuals when exposed to 1096 
foods (and pollen) derived from GMOs with regard to sensitisation or to elicitation of an 1097 
allergic reaction. 1098 

The majority of the constituents that are responsible for allergenicity of foods as well as of 1099 
pollens are proteins. Some protein breakdown products, i.e. peptide fragments, may conserve 1100 
part of the allergenicity of the native protein and thus can also be considered as allergens. The 1101 
specific allergy risk of GMOs is associated i) with exposure to newly expressed protein(s) that 1102 
can be present in edible parts of the plants or in the pollen. This point is related to the 1103 
biological source of the transgene and ii) with alterations to the allergenicity of the whole 1104 
plant and derived products e.g. due to over-expression of natural endogenous allergens as an 1105 
unintended effect of the genetic modification. This point is related to the biology of the host 1106 
itself. 1107 
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1.5.1. Assessment of allergenicity of the newly expressed protein 1108 

Allergenicity is not an intrinsic, fully predictable property of a given protein but is a 1109 
biological activity requiring an interaction with individuals with a pre-disposed genetic 1110 
background. Allergenicity therefore depends upon the genetic diversity and variability in 1111 
atopic humans. Given this lack of complete predictability it is necessary to obtain, from 1112 
several steps in the risk assessment process, a cumulative body of evidence which minimises 1113 
any uncertainty with regard to the protein(s) in question. 1114 

In line with the recommendations of the Codex ad hoc Intergovernmental Task Force on 1115 
Foods Derived from Biotechnology (Codex Alimentarius, 2003), an integrated, stepwise, 1116 
case-by-case approach shall be used in the assessment of possible allergenicity of newly 1117 
expressed proteins.  1118 

The source of the transgene shall be considered carefully to make clear whether or not it 1119 
encodes an allergen. Information shall specify at what stage of the development of the plant 1120 
and in what organs of the plant the allergenic protein may be expressed. When the introduced 1121 
genetic material is obtained from wheat, rye, barley, oats or related cereal grains, the applicant 1122 
shall assess the newly expressed proteins for a possible role in the elicitation of gluten-1123 
sensitive enteropathy or other enteropathies which are not IgE mediated.  1124 

Where events have been stacked by conventional crossing, the applicant shall provide an 1125 
assessment of any potential for increased allergenicity to humans and animals on a case-by-1126 
case approach. These potential effects may arise from additive, synergistic or antagonistic 1127 
effects of the gene products.  1128 

In every case the first step in the assessment shall be a search for sequence homologies and/or 1129 
structural similarities between the expressed protein and known allergens using various 1130 
algorithms to identify overall structural similarities. Strategies for identification of sequences 1131 
that may correspond to potential linear IgE binding epitopes shall be conducted by a search 1132 
for identical peptidic fragments in the amino acid sequence of the test protein to peptidic 1133 
fragments of known allergens. The number of contiguous identical amino acid residues used 1134 
in the search setting shall be based on a scientifically justified rationale in order to minimise 1135 
the potential for false negative or false positive results12. The use of different homology 1136 
searching strategies based on the sequences available in relevant databases may identify 1137 
several scenarios. These include a high degree of homology, with or without conservation of 1138 
the allergenicity, or a low degree of homology with conservation of allergenicity (Mills et al., 1139 
2003). 1140 

The second step for assessing the potential that exposure to the newly expressed proteins 1141 
might elicit an allergic reaction in individuals already sensitised to cross reactive proteins, is 1142 
based on in vitro tests that measure the capacity of specific IgE from serum of allergic 1143 
patients to bind the test protein(s). 1144 

                                                 
12 It is recognised that the 2001 WHO/FAO consultation suggested moving from 8 to 6 identical amino acid 

segment searches. The smaller the peptide sequence used in the stepwise comparison, the greater the 
likelihood of identifying false positives. Conversely, the larger the peptide sequence used the greater the 
likelihood of false negatives, thereby reducing the utility of the comparison. 
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If the source of the introduced gene is considered allergenic, but no sequence homology of the 1145 
newly expressed protein to a known allergen is demonstrated, specific serum screening of the 1146 
expressed protein shall then be undertaken with appropriate sera from patients allergic to the 1147 
source material using relevant validated immunochemical tests. If a positive IgE response 1148 
occur, the newly expressed protein may then be considered very likely to be allergenic. If no 1149 
IgE binding is observed, the newly expressed protein shall undergo pepsin resistance tests and 1150 
additional testing (see third step below). 1151 

If the source is not known to be allergenic but if there are consistent indications of sequence 1152 
homology to a known allergen, the specific serum screening shall be conducted with sera 1153 
from patients sensitised to this allergen in order to confirm or exclude an IgE cross-reactivity 1154 
between the newly expressed protein and this allergen. The results of the screening are 1155 
interpreted as in the previous paragraph. 1156 

As a third step, the applicant shall consider the following additional tests: 1157 

(a) Pepsin resistance test. Stability to digestion by proteolytic enzymes has long 1158 
been considered a characteristic of allergenic proteins. Although it has now 1159 
been established that no absolute correlation exists (Fu et al., 2002), resistance 1160 
of proteins to pepsin digestion is still proposed as an additional criterion to be 1161 
considered in an overall risk assessment. In the case that a rapid and extensive 1162 
degradation of a protein in the presence of pepsin is not confirmed under 1163 
appropriate conditions, further analysis shall be conducted to determine the 1164 
likelihood of the newly expressed protein being allergenic. It could also be 1165 
useful to compare intact, pepsin digested and heat denatured proteins for IgE 1166 
binding.  1167 

(b) Targeted serum screening. As proposed in the FAO/WHO expert consultation 1168 
(WHO/FAO, 2001) targeted serum screening aims to assess the capacity of the 1169 
newly expressed protein to bind to IgE in sera of individuals with clinically-1170 
validated allergic responses to categories of foods broadly related to the gene 1171 
source. 1172 

Specific (as well as targeted) serum screening requires a 1173 
sufficient number and sufficient volumes of relevant sera from 1174 
allergic humans. These might not always be available either 1175 
because the allergy is not frequent or for other reasons. The use 1176 
of existing models and the development and validation of new 1177 
alternative models that may substitute for and/or complement 1178 
the use of human biological material for evidence of cross 1179 
reactivity and elicitation potency shall be considered. These 1180 
approaches would include the search for T-cell epitopes, 1181 
structural motifs, in vitro cell based assays using animal or 1182 
humanised-animal immune cells, etc. They also include 1183 
appropriate in vivo animal models. 1184 

(c) Animal models are certainly also useful tools for the assessment of the 1185 
sensitising potential of newly expressed proteins, i.e. their capacity to induce 1186 
an allergic immune response with the synthesis of specific IgE in individuals 1187 
that have never been exposed to those proteins nor to proteins that cross react 1188 
with them.  1189 
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1.5.2. Assessment of allergenicity of the whole GM plant or crop  1190 

When the host of the introduced gene is known to be allergenic, the applicant shall test any 1191 
potential change in the allergenicity of the whole GM food by comparison of the allergen 1192 
repertoire with that of the conventional counterpart.  1193 

These approaches shall be applied on a case-by-case basis depending on the available 1194 
information on the allergenic potential of the source and/or the host. 1195 

To this purpose, the applicant may use modern analytical tools including profiling techniques. 1196 
These tools although still in development, may provide, in association with human and animal 1197 
serum or cell-based assays, valuable additional information.  1198 

The integrated process applies to the assessment of the allergenicity of the edible components 1199 
and the pollen of GM crops (i.e. covers both food and respiratory allergy risk). 1200 

In addition, the applicant shall provide, where available, information on the prevalence of 1201 
occupational allergy in workers or in farmers who have significant exposure to GM plant and 1202 
crops, or to the airborne allergens they may contain. 1203 

Regarding animal health, allergenicity is not an issue that needs to be specifically addressed. 1204 

1.5.3. Conclusion of the allergenicity assessment 1205 

The conclusion of the allergenicity assessment shall clearly indicate: 1206 

– whether the novel protein(s) is likely to be allergenic; 1207 

– whether the GM food is likely to be more allergenic than the conventional 1208 
counterpart. 1209 

When there is a likelihood of allergenicity in one of the above mentioned cases, the GM food 1210 
shall be further characterised in the light of anticipated intake of the GM food and appropriate 1211 
conditions for placing on the market, including labelling, shall be proposed. 1212 

1.6. Nutritional assessment 1213 

Nutritional evaluation shall be provided: 1214 

(a) to demonstrate that introduction of the GM food/feed into the market is not 1215 
nutritionally disadvantageous to humans and animals, respectively. This 1216 
evaluation shall include the relevance for the nutrition of newly expressed 1217 
proteins, other new constituents, and changes in the levels of natural 1218 
constituents in the GM food/feed, as well as potential alterations in the total 1219 
diet of the consumer; 1220 

(b) to demonstrate that unintended effects of the genetic modification that were 1221 
identified or that may be assumed to have occurred based on the preceding 1222 
molecular, compositional or phenotypic analyses (see sections 1.2. and 1.3.), 1223 
have not adversely affected the nutritional value of the GM food/feed; 1224 



 

EN 59   EN 

For stacked events combined by conventional breeding, an assessment of the potential 1225 
changes in nutritional value that might arise from synergistic or antagonistic effects of the 1226 
gene products including compositional changes shall be provided. This may be particularly 1227 
relevant where the combined expression of the newly introduced genes has unexpected effects 1228 
on biochemical pathways. 1229 

Compositional analysis is the starting point and cornerstone for the nutritional assessment of 1230 
food and feed material. The applicant shall provide analyses of all the key components 1231 
outlined in the consensus documents prepared by OECD (OECD a) for the respective 1232 
food/feed plants. Analyses of additional components shall be determined on a case-by-case 1233 
basis and depend on the introduced trait(s). 1234 

The nutritional assessment of GM food/feed shall consider: 1235 

(a) the composition of the GM food/feed with regard to the levels of nutrients and 1236 
anti-nutrients (see compositional studies as described in section 1.3.4);  1237 

 1238 

(b) the bioavailability and biological efficacy of nutrients in the food/feed taking 1239 
into account the potential influences of transport, storage and expected treatment of 1240 
the foods; 1241 

            (c) the anticipated dietary intake of the food/feed (see section 2) and resulting 1242 
nutritional impact. 1243 

When the comparative analysis has identified compositional characteristics of the GM 1244 
food/feed that are different and/or not equivalent to the characteristics of its conventional 1245 
counterpart, their nutritional relevance shall be assessed on the basis of current scientific 1246 
knowledge. If this assessment does conclude on the nutritional equivalence between the GM 1247 
food/feed and its conventional counterpart, no further studies are recommended. By contrast 1248 
if, on the basis of the assessment of the information obtained from the comparative analysis, it 1249 
is not possible to conclude to nutritional equivalence, further studies shall be carried out. 1250 

Information on nutritional aspects is available in case a subchronic (90-day) feeding study in 1251 
rodents using the whole GM food/feed is provided. This study, in addition to toxicological 1252 
aspects, also provides valuable information on nutritional aspects since it starts with juvenile 1253 
animals in rapid growth phase that are sensitive to effects on weight gain. 1254 

1.6.1. Specific considerations for the nutritional assessment of GM food 1255 

The applicant shall determine the necessity and design of nutritional studies on the basis of 1256 
the introduced trait(s), the outcome of the comparative analysis, and of the subchronic (90-1257 
day) feeding study, where available. Supplemental information regarding the nutritional value 1258 
may be obtained from comparative growth performance studies conducted with other animal 1259 
species, e.g. broiler chickens (see sections 1.4.4 and 1.6.2), addressing the nutritional 1260 
assessment of GM feed (ILSI 2003, ILSI 2007). When nutritional studies are conducted, the 1261 
control diet(s) shall include the conventional counterpart and where appropriate additional 1262 
comparator(s). 1263 

GM foods modified to provide additional health benefits to the consumer as compared to 1264 
conventional foods, may benefit specific populations or sub-populations while others may be 1265 
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at risk from the same food. In cases where an altered bioavailability needs to be established 1266 
and may raise concern for sub-population(s), the level of the nutrient in the food shall be 1267 
determined, taking into account all the different forms of the compound. The methods to test 1268 
for bioavailability shall be selected on a case-by-case basis depending on the nutrient or other 1269 
constituent, the food containing these constituents, as well as the health, nutritional status and 1270 
dietary practices of the specific population(s) anticipated to consume the food. 1271 

1.6.2. Specific considerations for the nutritional assessment of GM feed 1272 

The applicant shall determine the necessity and design of further nutritional studies on the 1273 
basis of the introduced trait(s), the outcome of the comparative analysis, and the subchronic 1274 
(90-day) feeding study, where available. 1275 

In the case of GM feed with improved nutritional characteristics, livestock feeding studies 1276 
with target animal species shall be conducted on a case-by-case basis to assess the impact on 1277 
the feed. In the case of GM crops modified for improved content and bioavailability of 1278 
nutrients, livestock studies with target species shall be conducted to determine the 1279 
bioavailability of individual nutrients in the GM crop compared to its conventional 1280 
counterpart and a range of conventional varieties. In the case of GM crops specifically 1281 
modified with traits to enhance animal performance through increased nutrient density (e.g. 1282 
increased oil content) or an enhanced level of a specific nutrient (e.g. an essential amino acid 1283 
or a vitamin), an appropriate control diet using its conventional counterpart shall be 1284 
formulated by supplementing it with the specific nutrient to the extent of the change effected 1285 
in the GM crop. Regarding co- products (e.g. oilseeds meals), from which the ingredient 1286 
targeted by the genetic modification has been extracted, these may be compared with co-1287 
products derived from the conventional counterpart and other conventional varieties as 1288 
additional comparators (on the basis that all these products are low in the component targeted 1289 
by the genetic modification). 1290 

Target animal feeding studies shall span either the growing and/or finishing period to 1291 
slaughter for chickens, pigs, and cattle for fattening or a major part of a lactation cycle for 1292 
dairy cows, or laying cycle for laying hens or quails. For feedstuffs intended only for 1293 
aquaculture, growth studies with aquatic species such as carp or other typical herbivores are 1294 
preferable. 1295 

Various experimental designs might be necessary to demonstrate that the nutritionally 1296 
improved GM plant fulfils the expected nutritional value as discussed in the Report of the 1297 
EFSA GMO Panel Working Group on Animal Feeding Trials (EFSA, 2008). The exact 1298 
experimental design and statistical approaches of feeding experiments in food producing 1299 
animals to test the nutritional value of GM plants modified for enhanced nutritional 1300 
characteristics will depend on a number of factors and include choice of animal species, type 1301 
of plant trait(s) studied and the size of the expected effect. The experimental diets need to be 1302 
formulated in such a way that the key measured endpoints are responsive to a difference in the 1303 
quantity and/or availability of the nutrient in question. Endpoint measurements will vary with 1304 
the target species used in the study, but will include feed intake, body weight, animal 1305 
performance and bioavailability of nutrients (see Flachowsky and Böhme 2005, EFSA, 2008, 1306 
ILSI, 2007). 1307 

1.6.3. Conclusion of the nutritional assessment 1308 

The conclusion of the nutritional assessment of GM food/feed shall indicate: 1309 
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– whether the GM food/feed is nutritionally equivalent to its conventional 1310 
counterpart, taking natural variations into account. 1311 

The results of the nutritional assessment shall be evaluated in the light of anticipated intake of 1312 
the GM food/feed. 1313 

1.7. Standardised guidelines for toxicity tests 1314 

The applicant shall use for toxicity testing internationally agreed protocols and test methods 1315 
described by the OECD (OECD, 1995) or in accordance with the requirements of Article 13 1316 
of Regulation (EC) No 1907/2006. Use of any methods that differ from such protocols shall 1317 
be justified. Studies shall be carried out according to the principles of Good laboratory 1318 
Practice (GLP) described in Council Directive 2004/10/EC and be accompanied by a 1319 
statement of GLP-compliance. A non-exhaustive list of validated test protocols which, where 1320 
necessary, shall be used in a possibly adapted form for GMO toxicological testing is provided 1321 
in tables 1 and 2 below. 1322 

It is emphasized that not all of these protocols have to be applied for toxicological testing of 1323 
GM plant derived food/feed. Application of test protocols depends on the type of GM plant 1324 
derived food/feed, type of the genetic modification and resulting intended and unintended 1325 
alterations, intended use and exposure/intake, and the available knowledge. Some of the tests 1326 
are relevant for the assessment of risks at the worplace. 1327 

Table 1: Non-exhaustive list of validated test protocols for chemicals which may be used in a 
possibly adapted form for GMO toxicological testing (OECD, 1995) (modified from FOSIE, 
2002).  

 

No.  Subject  Note 

407  Repeated Dose 28-day Oral Toxicity Study in Rodents  Updated guideline, 
adopted 3 October 
2008 

408  Repeated Dose 90-Day Oral Toxicity Study in Rodents  Updated guideline, 
adopted 21 September 
1998 

410  Repeated Dose Dermal Toxicity:21/28-Day  Original guideline, 
adopted 12 May 1981 

415  One-Generation Reproduction Toxicity  Original guideline, 
adopted 26 May 1983 

416  Two-Generation Reproduction Toxicity Study  Updated guideline, 
adopted 22 January 
2001 

417  Toxicokinetics  Original guideline, 
adopted 4 April 1984 

421  Reproduction/Developmental Toxicity Screening Test  Original guideline, 
adopted 27 July 1995 
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424  Neurotoxicity Study in Rodents  Original guideline, 
adopted 21 July 1997 

451  Carcinogenicity Studies  Original guideline, 
adopted 12 May 1981 

452  Chronic Toxicity Studies  Original guideline, 
adopted 12 May 1981 

453  Combined Chronic Toxicity/Carcinogenicity Studies  Original guideline, 
adopted 12 May 1981 

402  Acute Dermal Toxicity Updated Guideline, 
adopted 24 February 
1987 

406  Skin Sensitisation  Updated guideline, 
adopted 17 July 1992 

 1328 

Table 2: Genotoxicity tests as described by OECD guidelines (OECD, 1995) (Modified from 1329 
the Report of the EFSA GMO Panel working group on Animal Feeding Trials, EFSA, 2008):  1330 

No. Title 

OECD 471 Bacterial reverse mutation test  

OECD 473 In vitro mammalian chromosome aberration test  

OECD 474 Mammalian erythrocyte micronucleus test 

OECD 475 Mammalian bone marrow chromosome aberration test 

OECD 476 In vitro mammalian cell gene mutation test 

OECD 479 In vitro sister chromatid exchange (SCE) assay in 
mammalian cells 

OECD 480 Saccharomyces cerevisiae, gene mutation assay 

OECD 481 Saccharomyces cerevisiae, mitotic recombination assay 

OECD 482 DNA damage and repair, unscheduled DNA synthesis in 
mammalian cells in vitro  

OECD 487 Draft guideline on: 

In vitro mammalian cell micronucleus test 

 1331 
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2. EXPOSURE ASSESSMENT - ANTICIPATED INTAKE/EXTENT OF USE  1332 

An estimate of the expected intake is an essential element in the risk assessment of GM 1333 
food/feed and also required for the nutritional evaluation. Information shall be provided on 1334 
the intended function, the dietary role, and the expected level of use of the GM plant-derived 1335 
food/feed product(s). 1336 

On the basis of representative consumption data for products derived from the respective 1337 
conventional plants, the anticipated average and maximum intake of the GM food/feed shall 1338 
be estimated. Probabilistic methods may be useful to determine ranges of plausible values 1339 
rather than single values or point estimates. If possible, particular sections of the population 1340 
with an expected high exposure shall be identified and shall be considered within the risk 1341 
assessment. Any assumptions made in the exposure assessment shall be described. Recent 1342 
developments in methodologies and appropriate consumption data shall be used. Data on 1343 
import and production quantities may provide additional information for the intake 1344 
assessment. 1345 

The concentrations of the newly expressed proteins, other new constituents and natural 1346 
constituents, of which the levels have been altered as a result of the genetic modification (e.g. 1347 
due to changes in metabolic pathways) in those parts of the GM plant intended for food or 1348 
feed use shall be determined by appropriate methods. Expected intake of these constituents 1349 
shall be estimated taking into account the influences of processing, storage and expected 1350 
treatment of the food/feed in question, e.g. potential accumulation or reduction. In cases 1351 
where the genetic modification has resulted in an altered level of a natural constituent, or if a 1352 
new constituent occurs naturally in other food/feed products, the anticipated change in total 1353 
intake of this constituent shall be assessed considering realistic as well as worst case intake 1354 
scenarios. 1355 

Information on known or anticipated human/animal intake of analogous GM food/feed and on 1356 
other routes of exposure to the respective new and natural constituents, including amount, 1357 
frequency and other factors influencing exposure, shall be provided. 1358 

3. RISK CHARACTERISATION 1359 

3.1. Introduction 1360 

Risk characterisation of GM plants and derived foods/feed is based on data from hazard 1361 
identification, hazard characterisation, and on exposure/intake data. A comprehensive risk 1362 
characterisation shall be carried out considering all the available evidence from several 1363 
analysis including molecular analysis, phenotypic, agronomical and compositional analysis, 1364 
toxicity and allergenicity testing. The risk characterisation may give indications for the 1365 
requirement of specific activities for post-market monitoring of GM food/feed. 1366 

The risk characterisation shall demonstrate whether  the hazard identification and subsequent 1367 
characterisation is complete or not. It is essentially an iterative process. Integration and 1368 
evaluation of data from hazard characterisation and exposure assessment allow to determine 1369 
whether an appropriate risk characterisation may be finalised, or whether further data shall be 1370 
generated in order to complete the risk characterisation. For instance if an increased intake of 1371 
a GM derived food/feed by humans or animals may be expected, further data on toxicity at 1372 
extended dose ranges may have to be generated. The quality of existing data and information 1373 
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shall be discussed. It shall be clear from the discussion how this body of information has been 1374 
taken into account when the final risk characterisation is determined. 1375 

Any uncertainties inherent in the different stages of the risk assessment shall be highlighted 1376 
and quantified as much as possible. Distinction shall be made between uncertainties that 1377 
reflect natural variations in ecological and biological parameters (including variations in 1378 
susceptibility in populations), and possible differences in responses between species. 1379 

An estimation of uncertainties in experimental data may be derived from proper statistical 1380 
analysis. While it may be more difficult to quantify uncertainties in assumptions (e.g. 1381 
extrapolation of data from animals to humans), but  those should be highlighted. 1382 

Depending on the issue to be addressed and the available data, risk characterisation may be 1383 
qualitative and, if possible, quantitative. The conditions for the estimated risk, and associated 1384 
uncertainties, should be as precise as possible. For instance, expressions like 1385 
‘no/negligible/acceptable/significant risk’ must, in principle, be accompanied by further 1386 
numerical quantification in terms of probability of exposure and/or occurrence of adverse 1387 
effects. 1388 

3.2. Issues to be considered for risk characterisation 1389 

Risk assessment of GM plants shall be carried out in an integrative manner and on a case-by-1390 
case basis depending on the type of genetic modification, taking into consideration cultivation 1391 
practice of the GM plant and use of the derived foods/feed for human/animal consumption. To 1392 
this aim, the applicant shall take into account the different issues considered in hazard 1393 
identification and characterisation and exposure steps. The outcomes of these issues have to 1394 
be considered together in the risk characterisation step. The list of issues provided in this 1395 
section is by no means exhaustive. 1396 

3.2.1. Molecular characterisation 1397 

 1398 

Evaluation of the characteristics and previous use of the donor and the recipient organism is a 1399 
key element to identify the need for specific analyses e.g. occurrence of specific toxins, or 1400 
allergens in the unmodified recipient plant which may be unintentionally increased as result of 1401 
the genetic modification.  1402 

Transformation protocols, molecular characterisation strategies and the specificity and 1403 
sensitivity of the methods used shall be discussed in relation to the intentional and possibly 1404 
unintentional insertion and expression of gene sequences. 1405 

Where flanking sequence analysis has identified chimeric ORFs, it should be demonstrated 1406 
how approaches like bioinformatic analysis, compositional/agronomical analysis and possibly 1407 
animal feeding trials with the whole GM food/feed contribute to the safety impact. The value 1408 
of the results obtained should be evaluated in the light of the available knowledge on the 1409 
structure and function of genomic databases of the crop species in question.  1410 

In cases where traits are stacked through the interbreeding of existing approved GM lines, 1411 
additional risks which may arise from the combined effects of the stacked genes e.g. on 1412 
biochemical pathways should be evaluated. 1413 
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3.2.2. Comparative analysis  1414 

An important issue to be evaluated is whether the comparative analysis between the GM plant 1415 
and its conventional counterpart with respect to agronomic, morphological and compositional 1416 
characteristics has been carried out appropriately according to current guidelines. and what 1417 
evidence is available that the conventional crop can be taken as a reference for safe 1418 
environmental cultivation and human/animal use. Protocols for and performance of field trials 1419 
should be evaluated, and the data generated assessed to confirm they are representative for the 1420 
proposed cultivation conditions of the GM plant. 1421 

The goal of the comparative safety assessment is to identify possible differences between the 1422 
GM plant and its conventional counterpart. The choice of the conventional counterpart is key 1423 
and its selection shall be justified in particular with respect to its history of safe use. The risk 1424 
characterisation shall concentrate on statistically significant differences in the composition of 1425 
the GM plant compared to its conventional counterpart and whether these differences are 1426 
likely to have an impact on food and feed safety or nutrition. Moreover, an analysis shall be 1427 
made of the uncertainties associated with the comparative analysis. 1428 

The goal of the comparative safety assessment is to identify possible differences between the 1429 
GM plant and its conventional comparator. The choice of the comparator is key and its use 1430 
should be justified. The risk characterisation should concentrate on statistically significant 1431 
differences in the composition of the GM plant compared to its non-GM comparator and 1432 
whether these differences are likely to have an impact on environment, and/or food and feed 1433 
safety or nutrition. Moreover, an analysis should be made of the uncertainties associated with 1434 
the comparative analysis. 1435 

The unintended effects of the genetic modification are expected to result in differences or lack 1436 
of equivalence between the GM plant and its conventional counterpart that may be observed 1437 
in field trials representative of the range of receiving environmental conditions. A difference 1438 
or lack of equivalence that is consistently observed under all or most conditions can be an 1439 
indicator of such unintended effects. Whilst sporadic differences or lack of may reflect the 1440 
inherent variability known to occur in the GM plant and the conventional counterpart or, for 1441 
specific endpoints be due to chance alone, they may also highlight a strong influence of 1442 
special environmental conditions on the expression of a difference. 1443 

If statistically significant differences and/or non-equivalences are observed, using the 1444 
methodology as described under section 1.3.2, the following background data may be 1445 
considered to put them into context with respect to their potential relevance for the 1446 
human/animal health. 1447 

3.2.2.1. Data on variability inherent to the plant, the plant variety and the environment. 1448 

Commonly considered is the range of levels observed for the compounds known to occur in 1449 
the conventional counterpart and in commercial varieties. This variability may be caused by 1450 
differences that are genotype-dependent, environmentally dependent, or caused by genotype x 1451 
environment interactions. In addition, the range of levels observed in a broad spectrum of 1452 
food and feed representative for the human and animal diet may be taken into account. The 1453 
rationale for considering this variability in the safety assessment is that it reflects the levels of 1454 
the specific compound to which consumers may be exposed. 1455 
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3.2.2.2. Information of variation of constituents from databases. 1456 

The databases used for comparison shall be specified and adequately assessed for their quality 1457 
(e.g. type of material analyzed, analytical method used, sampling methods and strategies). No 1458 
formal statistical analysis shall be carried out, but ranges as well as mean values shall be 1459 
reported and considered. These data would indicate whether the GM lines fall within the 1460 
natural range in component concentrations found in non-GM comparators. The influence of 1461 
environmental factors on phenotypical and compositional characteristics of plants shall be 1462 
taken into account when comparing analytical data from field studies with literature data. 1463 

Based upon one or more of the considerations above, the applicant shall establish whether the 1464 
differences and/or lack of equivalence observed are to be considered relevant for further 1465 
consideration in the risk assessment process or if the difference and/or lack of equivalence 1466 
does not raise safety concerns. 1467 

3.2.3. Food/feed safety in relation to intake  1468 

The data generated to estimate possible risks to human/animal health associated with the 1469 
consumption of GM plant derived foods/feed shall be evaluated with respect to the expression 1470 
of new proteins/metabolites as well as significantly altered levels of original plant 1471 
proteins/metabolites in GM foods/feed. If single constituents and/or whole GM food/feed 1472 
were found to induce adverse effects in specific studies, dose response relationships, threshold 1473 
levels, delayed onset of adverse effects, risks for certain groups in the population, use of 1474 
uncertainly factors in extrapolation of animal data to humans shall be presented. 1475 

The relevance of short-term toxicity data in order to predict possible long-term adverse effects 1476 
of newly expressed proteins/new metabolites in the GM food/feed shall be discussed as well 1477 
as the absence of specific data (e.g. on reproductive and developmental toxicity) if applicable. 1478 
Moreover when feeding trials with whole GM food/feed have been carried out, the relevance 1479 
of their outcome shall be evaluated with respect to experimental limitations (e.g. dose range, 1480 
dietary composition, confounding factors). 1481 

Data on the characteristics of the new compounds present in the GM plants including 1482 
potential biological effects in humans and animals shall be considered. If the compounds have 1483 
known adverse health effects and maximum levels for the presence of these compounds in the 1484 
plant or derived products were laid down in specific legislation, these maximum levels shall 1485 
be taken into account. Otherwise, reference values for acceptable or tolerable levels of intake, 1486 
such as the Acceptable Daily Intake (ADI) or Tolerable Upper Intake Level (UL), shall be 1487 
considered in relation to the anticipated intake. In cases where the compound has been safely 1488 
consumed in food, the intake levels of consumers from a conventional diet can implicitly be 1489 
considered as safe. 1490 

Information on the effects of processing on the new compounds shall be evaluated. Potential 1491 
accumulation / depletion in food / feed products entering the human / animal diet shall be 1492 
considered. The relevance of differences resulting from chemical reactions known to occur 1493 
under processing conditions shall be evaluated. 1494 

In cases where more complex genetic modifications are produced, e.g. via transfer of multiple 1495 
genes in a single construct, re-transformation of pre-existing GM lines, and trait stacking 1496 
through conventional breeding of GM parents, strategies for the assessment of any risk(s) 1497 
associated with possible interactions between the newly expressed proteins, new metabolites 1498 
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and original plant constituents shall be discussed. A holistic approach for the assessment shall 1499 
be demonstrated considering all available information on e.g. the mode of action of the newly 1500 
expressed proteins, the molecular and compositional/agronomical characteristics of the GM 1501 
plant, and where applicable on the outcome of animal toxicity studies and feeding trials. 1502 
Where animal feeding trials are not performed an explanation shall be provided as to why 1503 
these were not considered necessary. 1504 

Data provided to assess the allergenic potential of newly expressed proteins in GM plants 1505 
shall be evaluated with respect to introduction of new allergenic proteins into the food/feed 1506 
plants a possible provocation of allergic reactions of susceptible individuals, as well as 1507 
information to demonstrate that the genetic modification process does not cause unwanted 1508 
changes in the characteristics and/or levels of expression of endogenous allergenic proteins in 1509 
the GM crop derived food. In particular the test models used shall be discussed with respect to 1510 
specificity, predictability and validation status. 1511 

With respect to intake estimations of GM plant derived foods for humans, the applied 1512 
methodologies shall be evaluated with respect to uncertainties associated with the prediction 1513 
of long-term intake. Specific attention shall be paid to those GM foods which are aimed at 1514 
modifying nutritional quality. For the GM products in questions the requirement for post-1515 
market monitoring shall be discussed as a necessary mechanism for determining changes to 1516 
overall dietary intake patterns of the GM food, to what extent this has occurred and whether 1517 
or not the product induces known (side) effects or unexpected side effects. If the performance 1518 
of post-market monitoring is deemed necessary, the reliability, sensitivity and specificity of 1519 
the proposed methods shall be discussed. 1520 

3.3. The result of risk characterisation  1521 

In accordance with Articles 4 and 16 of Regulation (EC) No 1829/2003, the applicant shall 1522 
ensure that the final risk characterisation clearly demonstrates that: 1523 

– Consumption of foods/feed derived from GM plants is as safe for humans/animals 1524 
as the conventional counterpartsthe GM food does not differ from the food which 1525 
it is intended to replace to such an extent that its normal consumption would be 1526 
nutritionally disadvantageous for the consumer; 1527 

– the GM feed does not harm or mislead the consumer by impairing the distinctive 1528 
features of the animal products compared to conventionally produced feed, 1529 

– the GM feed does not differ from the feed which it is intended to replace to such 1530 
an extent that its normal consumption would be nutritionally disadvantageous for 1531 
animals and humans. 1532 

The applicant shall clearly indicate what assumptions have been made during the risk 1533 
assessment in order to predict the probability of occurrence and severity of adverse effect(s) 1534 
in a given population, and the nature and magnitude of uncertainties associated with 1535 
establishing these risks.  1536 

The applicant shall also include detailed information justifying the inclusion or the non 1537 
inclusion in the application of a proposal for labelling in accordance with Articles 5(3)(f) and 1538 
17(3)(f). 1539 
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ANNEX III: POST-MARKET MONITORING OF GM FOOD/FEED 1665 

Where appropriate a Post Market Monitoring (PMM) programme shall be performed for GM 1666 
food/feed. The appropriateness of performing a PMM is indicated by findings in the pre-1667 
market safety assessment. Furthermore, as pre-market risk assessment studies cannot fully 1668 
reproduce the diversity of the populations who will consume the marketed product, the 1669 
possibility therefore remains that unpredicted side effects may occur in some individuals of 1670 
the population, such as those with certain disease states (i.e. allergic consumers), those with 1671 
particular genetic/physiological characteristics or those who consume the products at high 1672 
levels. Indeed, risk assessment also relies on an estimate of exposure to the food/feed, which 1673 
is variable and subject to uncertainty before the food/feed is marketed. A PMM shall therefore 1674 
address the following questions: i) is the product use as predicted/recommended? ii) are 1675 
known effects and side-effects as detected during the pre-market risk assessment as predicted? 1676 
and iii) does the product induce unexpected side effects?  1677 

However a PMM does not substitute for a thorough pre-marketing toxicological and 1678 
nutritional testing programme but complements it in order to confirm the pre-market risk 1679 
assessment. It may increase the probability of detecting rare unintended effects. Therefore the 1680 
PMM for GM food/feed shall be designed to generate a reliable and validated flow of 1681 
information between the different stakeholders in order to potentially relate GM food/feed 1682 
consumption to any (adverse) effect on health. However it shall be realized that a PMM may 1683 
not always have the sensitivity to estimate individual intakes of a specific food item or intakes 1684 
of particular age groups.  1685 

Given the practical difficulties in performing a PMM, it shall be required only in specific 1686 
cases .Those cases could include GM (functional) food/feed with altered nutritional 1687 
composition and modified nutritional value and/or food/feed genetically modified to achieve 1688 
specific health benefits. This could be the case for a GM food/feed proposed as an alternative 1689 
or as a replacement for a traditional food/feed. Because of its specific properties, the intake of 1690 
this GM food/feed might be increased compared to the intake of the conventional counterpart, 1691 
which could result in a significant impact on the long-term nutritional and health status of 1692 
some individuals of the population.  1693 

A similar approach could be developed for feed with improved nutritional characteristics. 1694 
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