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ABSTRACT 

This opinion provides guidance in the area of comparators taking into account the requirements for the 

molecular characterisation, the food and feed and the environmental risk assessments. A key step in the risk 

assessment of genetically modified (GM) plants and derived food and feed is the identification of intended and 

unintended differences and equivalences between the GM plant and its comparator(s), taking into account the 

range of natural variation. In line with Regulation (EC) No 1829/2003 and Directive 2001/18/EC, the EFSA 

GMO Panel has, to date, required the use of non-GM lines with comparable genetic background as comparators. 

In the case of vegetatively propagated crops, these are the isogenic lines. In the case of sexually propagated 

crops these are non-GM lines as close as possible genetically to the GM plant under assessment. The 

identification and production of such comparators is becoming increasingly challenging due to the increasing 

complexity of GM plants, e.g. those developed by combining (stacking) events through conventional crosses, or 

those in which extensive compositional changes are targeted. Consequently, the EFSA GMO Panel has 

developed this guidance on the selection of comparators for the risk assessment of GM plants and derived food 
and feed. Whilst considering the requirements of Directive 2001/18/EC and Regulation (EC) No 1829/2003, the 

EFSA GMO Panel provides options which introduce flexibility in the selection of comparators based on sound 

scientific principles. This document addresses the selection of comparators for GM plants containing single or 

multiple events stacked by either conventional breeding, or by other approaches such as re-transformation, co-

transformation and the use of multiple gene cassettes. The EFSA GMO Panel also considers situations where 

additional comparators may be required on a case-by-case basis and scenarios where appropriate comparators 

are not available (e.g. where extensive compositional changes are targeted). The EFSA GMO Panel recognises 

the different requirements for comparators for the molecular characterisation, food and feed and environmental 

components of the risk assessment.  
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SUMMARY 

The European Food Safety Authority (EFSA) asked the Panel on Genetically Modified Organisms 
(GMO Panel) to develop further guidance in the area of comparators taking into account the 

requirements for the molecular characterisation, the food and feed and the environmental risk 

assessments. A key step in the risk assessment of GM plants and derived food and feed is the 
identification of intended and unintended differences and equivalences between the GM plant and its 

comparator(s), taking into account the range of natural variation. This information allows the 

assessment of the potential impact of the genetic modification with respect to human and animal 
health and the environment. Regulation (EC) No 1829/2003 on genetically modified food and feed 

defines the comparator (conventional counterpart) as “similar food or feed produced without the help 

of genetic modification and for which there is a well-established history of safe use”. The EFSA GMO 

Panel has, to date, required as comparators either non-GM lines with a genetic background as close as 
possible to the GM plant under assessment in case of sexually propagated crops, or isogenic varieties 

in case of vegetatively propagated crops. The identification and production of such comparators is 

becoming increasingly challenging due to the increasing complexity of GM plants, e.g. those 
developed by combining (stacking) events through conventional breeding, or those in which 

significant compositional changes are targeted. The EFSA GMO Panel also considers situations where 

additional comparators may be required on a case-by-case basis and scenarios where appropriate 
comparators are not available (e.g. where extensive compositional changes are targeted). Whilst 

considering the requirements of Directive 2001/18/EC and Regulation (EC) No 1829/2003, the EFSA 

GMO Panel provides options which introduce flexibility in the selection of comparators based on 

sound scientific principles.    

In summary the key conclusions and recommendations of this document are:  

1. The EFSA GMO Panel supports the current concept that for GM plants containing a single event 

the choice of comparator must be the conventional counterpart which will be a non-GM genotype 
with a genetic background as close as possible to the GM plant. Applicants can also consider the 

use of additional comparator(s).  

 

2. The same principle as outlined above applies to GM plants containing events stacked by 
conventional breeding or by other approaches, such as co-transformation, re-transformation and 

the use of multiple gene cassettes. In the case of GM plants containing stacked events, the risk 

assessment focuses on the potential interaction between the events present and their stability. 
However, where applicants can demonstrate that a conventional counterpart for the GM plant 

containing stacked events cannot be made available, applicants can use as comparators for the 

molecular characterisation (MC) and the food and feed (FF) risk assessment either: 
a. A negative segregant(s) - but only where segregants are derived from crosses between GM 

plants containing events which have been risk assessed previously and which are all stacked in 

the GM plant under assessment.  This approach is only possible if either no unintended effects 

have been identified for the single events, or where the presence of such unintended effects in 
the GM plant containing the stacked events does not raise safety concerns. 

b. Any set of GM plants that have all been risk assessed on the basis of experimental data 

collected according to the principles of EFSA MC and FF risk assessment. This set of GM 
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plants must include, between them, all of the events stacked in the GM plant under assessment 
and no others.  

For the environmental risk assessment (ERA), in case the conventional counterpart cannot be made 

available, different comparator(s) are appropriate depending upon the issue(s) under consideration. 

3. In cases where appropriate comparators are not available (e.g. where significant compositional 
changes have been targeted) the EFSA GMO Panel considers to carry out a comprehensive 

safety/nutritional assessment on the GM plant per se. 

 
4. The risk assessment of GM plants, containing either single or stacked events, expressing specific 

traits such as herbicide tolerance, may require additional treatment comparisons.    

The EFSA GMO Panel recognises that there may be different requirements for comparators for the 

molecular characterisation, the food and feed and the environmental components of the risk 
assessment and takes this into account in providing this guidance.  
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BACKGROUND AS PROVIDED BY EFSA 26 

The selection of appropriate comparators is central to the comparative approach in the risk assessment 27 

of genetically modified plants and derived food and feed. Regulation (EC) No 1829/2003 (EC, 2003) 28 

on genetically modified food and feed defines the comparator (conventional counterpart) as “similar 29 

food or feed produced without the help of genetic modification and for which there is a well-30 
established history of safe use”. Along the same lines, for molecular characterisation (MC) and food 31 

and feed (FF) risk assessment, Codex Alimentarius defines a conventional counterpart as a “related 32 

organism/variety, its components and/or products for which there is experience of establishing safety 33 
based on common use as food” recognising that “for the foreseeable future, foods derived from 34 

modern biotechnology will not be used as conventional counterparts” (Codex Alimentarius, 2009).  35 

For environmental risk assessment (ERA), the European Commission Decision 2002/623/EC (EC, 36 
2002) in support to Annex II of Directive 2001/18/EC (EC, 2001), state that “identified characteristics 37 

of the GMO and its use which have the potential to cause adverse effects should be compared to those 38 

presented by the non-modified organisms from which it is derived and its use under corresponding 39 

situations”. The purpose of this comparison is to assist in identifying the particular potential adverse 40 
effects arising from the genetic modification. In addition the same EC Decision indicates that 41 

“Information from releases of similar organisms and organisms with similar traits and their 42 

interaction with similar environments can assist the ERA”. 43 

In line with the above, the EFSA GMO Panel has, to date, required as comparators either non-GM 44 

lines with a genetic background as close as possible to the GM plant under assessment in case of 45 

sexually propagated crops, or isogenic varieties in case of vegetatively propagated crops. The extent to 46 
which these non-GM comparators are genetically related to the GM plant under assessment varies 47 

depending upon the breeding scheme used for the production of both the GM plant and its 48 

comparator(s). 49 

The identification and production of such comparators is becoming increasingly challenging due to the 50 
increasing complexity of breeding schemes and the GM plants themselves, e.g. those developed by 51 

combining (stacking) events through conventional breeding, or those in which significant 52 

compositional changes are targeted. Consequently the EFSA GMO Panel was requested to develop 53 
further guidance for the selection of comparators. 54 

55 
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 56 

TERMS OF REFERENCE AS PROVIDED BY EFSA 57 

The EFSA GMO Panel was requested by EFSA to develop a guidance document on the selection of 58 

comparators for the risk assessment of GM plants. Specific issues addressed in this guidance include: 59 

 the selection of an appropriate comparator for the risk assessment of GM plants containing single 60 

or stacked events; 61 

 the role of negative segregants in the risk assessment process; 62 

 the selection of appropriate comparators in the case of GM plants containing stacked events 63 

obtained by techniques other than conventional breeding; 64 

 the selection of comparators in cases where the current comparative approach may not be suitable 65 

for the risk assessment of the GM plants (e.g. where major compositional changes are targeted). 66 

The EFSA GMO Panel was requested to draft a guidance to be released for public consultation. A 67 

draft guidance was published on the EFSA website from 15
th

 November 2010 until 15
th
 January 2011 68 

for public consultation. At the deadline EFSA had received 139 submissions from 18 stakeholders. 69 

The table of all comments received, together with a summarised response to the most relevant ones, is 70 

published on the EFSA website http://www.efsa.europa.eu. A consultative stakeholder workshop was 71 
held after the public consultation (31

st
 March 2011) to further discuss and clarify issues raised during 72 

the public consultation. Subsequently, the draft guidance was revised taking into account all of the 73 

scientific comments which enhanced both scientific quality and clarity.  74 
The guidance was adopted on 14 April 2011.75 

http://www.efsa.europa.eu/


Guidance on selection of comparators for the risk assessment of GM plants 

 

7 EFSA Journal 2011; 9(5):2149 

 76 

1. Introduction 77 

The current risk assessment strategy for GM plants and derived food and feed comprises a molecular 78 

characterisation of the genetic modification, a comparative analysis of the compositional, agronomic 79 
and phenotypic characteristics of the GM plant and its appropriate comparator(s), and an assessment 80 

of their potential impact on human and animal health and the environment. The starting point of the 81 

risk assessment is the identification of differences (intended and unintended) between the GM plant 82 
and derived food and feed, and its comparator(s) (EFSA, 2011a). 83 

The MC component of the risk assessment is primarily focused on the analysis of the GM plant itself, 84 

but the inclusion of a non-GM comparator can provide valuable information on a case-by-case basis.  85 

For GM plants containing stacked events the primary concern for the risk assessment is to establish 86 
that the combination of events is stable and that no interactions occur between the stacked events that 87 

may raise safety concerns compared to the single events. In addition, the ERA considers to what extent 88 

the combination of events in a GM plant results in changes in management systems which could lead 89 
to additional environmental impacts compared to the management of the GM plants containing these 90 

events independently.  91 

Comparative studies are used as a major, but not unique, tool throughout the risk assessment and the 92 
selection of appropriate comparators for each of these comparative studies is crucial.  93 

1.1. Comparative assessment: the difference and equivalence tests  94 

The comparative analysis for FF risk assessment and ERA requires the simultaneous application of 95 

two complementary tests: the test of difference and the test of equivalence (EFSA, 2010a, 2011a).  96 

The test of difference is used to verify whether the GM plant, apart from the introduced genetic 97 

modification(s), is different from its comparator and could have the potential to cause adverse effects.  98 

The test of equivalence, in FF risk assessment, is used to verify whether the agronomic, phenotypic 99 
and compositional characteristics of the GM plant fall within the range of natural variation. The   100 

range of natural variation is estimated from a set of non-GM reference varieties with a history of safe 101 

use (EFSA, 2010a). Therefore these non-GM reference varieties fulfil the requirements of Reg. (EC) 102 

No 1829/2003, which states that the comparison of the GM plant should be made “with a similar food 103 
or feed produced without the help of genetic modification and for which there is a well-established 104 

history of safe use”. The test of equivalence, in ERA, verifies whether the GM plant is equivalent or 105 

not to its comparator within bounds defined by so-called 'limits of concern', i.e. limits which if 106 
exceeded may potentially lead to environmental harm; these are estimated from literature data, 107 

modelling, existing knowledge and protection goals (Perry et al., 2009). 108 

A description of the strategy recommended by the EFSA GMO Panel for the practical implementation 109 
of the comparative approach in the risk assessment of GM plants is available in the EFSA guidance 110 

document for the risk assessment of GM plants and derived food and feed (EFSA, 2011a). Such a 111 

strategy is also described in the EFSA GMO Panel opinion on the statistical considerations for the 112 

safety evaluation of GMOs (EFSA, 2010a) and is adopted in the EFSA guidance document on the 113 
ERA of GM plants (EFSA, 2010b).  114 
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The present document provides guidance on the criteria to follow for the selection of the most 115 

appropriate comparator(s) in the risk assessment of GM plants under different scenarios.   116 

1.2. Comparator(s): current status 117 

To date the EFSA GMO Panel has required the use of non-GM lines with comparable genetic 118 
background (i.e. near-isogenic lines in the case of sexually propagated crops and isogenic lines in the 119 

case of vegetatively propagated crops) as comparators in its evaluation of GM plant applications. The 120 

experience gained from the evaluation of GMO applications under Dir. 2001/18/EC and Reg. (EC) No 121 
1829/2003 is that the extent to which such non-GM comparators are genetically related to the GM 122 

plant under assessment varies. Such variation may be related to the breeding scheme used for the 123 

production of both the GM plant and its non-GM comparator(s), and to the degree of complexity of the 124 

GM plant under assessment, as may be the case when several events are stacked. The potential 125 
variability in the degree of genetic similarity between the GM plant and its comparator(s) does not 126 

necessarily compromise the reliability of the safety assessment, provided that the comparator is 127 

genetically “as close as possible” to the GM plant with regard to its breeding pedigree. The 128 
comparator should preferably be derived from the breeding scheme used to derive the GM plant. For 129 

FF, the comparative approach in risk assessment requires the inclusion of non-GM reference lines in 130 

the equivalence test to verify whether any difference observed between the GM plant and its 131 
comparator(s) falls or not within the range of natural variation. 132 

The EFSA guidance document for the risk assessment of GM plants and derived food and feed (EFSA, 133 

2011a) states that: 134 

“The EFSA GMO Panel recommends the use of the term “conventional counterpart” only when 135 
referring to: i) the non-GM isogenic variety, in the case of vegetatively propagated crops; ii) a 136 

genotype with a genetic background as close as possible to the GM plant, in the case of crops that are 137 

propagated sexually. [...] The risk assessment of GM plants containing single events should include 138 
the conventional counterpart, as defined above. Additional comparators, e.g. a negative segregant, 139 

may be included if deemed useful to support the risk assessment”. 140 

[...] 141 

“In all cases, the applicant should provide information on the breeding scheme (pedigree) in relation 142 
to the GM plant, the conventional counterpart and/or other comparator(s) used in the risk assessment 143 

together with a clear justification for their selection”. 144 

The experience gained from the evaluation of GMO applications under Dir. 2001/18/EC and Reg. 145 
(EC) No 1829/2003 is that the extent to which such non-GM comparators are genetically related to the 146 

GM plant under assessment varies. Such variation may be related to the breeding scheme used for the 147 

production of both the GM plant and its non-GM comparator(s), and to the degree of complexity of the 148 
GM plant under assessment, as may be the case when several events are stacked. The potential 149 

variability in the degree of genetic similarity between the GM plant and its comparator(s) does not 150 

necessarily compromise the reliability of the safety assessment, provided that the comparator is 151 

genetically as close as possible to the GM plant with regard to its breeding pedigree. The comparator 152 
should preferably be derived from the breeding scheme used to derive the GM plant. For FF, the 153 

comparative approach in risk assessment requires the inclusion of non-GM reference lines in the 154 

equivalence test to verify whether any difference observed between the GM plant and its comparator 155 
falls or not within the range of natural variation. 156 

The EFSA ERA guidance document (EFSA, 2010b) states that “In an ERA, it is appropriate to draw 157 

on previous knowledge and experience and to use the conventional counterpart in order to highlight 158 
differences associated with the GM plant in the receiving environment(s).” 159 
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1.3. Terminology 160 

Comparator and Conventional Counterpart 161 

Various terms have been used synonymously to describe non-GM comparators used in the risk 162 

assessment of GM plants. These include the terms control, non-GM comparator, conventional 163 
counterpart, non-GM reference lines and non-GM reference varieties.   164 

For clarity the EFSA GMO Panel recommends the use of the term “conventional counterpart” only 165 

when referring to a non-GM comparator as described in the EFSA guidance document on the risk 166 
assessment of GM plants and derived food and feed (EFSA, 2011a) and in the EFSA ERA guidance 167 

document (EFSA, 2010b): i) in the case of vegetatively propagated crops, the conventional counterpart 168 

is the non-GM isogenic line; ii) in the case of crops that are propagated sexually, the conventional 169 

counterpart is a non-GM genotype with a genetic background as close as possible to the GM plant.  170 

The term “comparator” should be used in all other cases, i.e. cases in which the comparative 171 

assessment includes genotypes which do not fit with the definition of conventional counterpart as 172 

provided above.  173 

Event 174 

An event is the unique DNA recombination that takes place in one plant cell from which the entire 175 

GM plant is regenerated.  176 

GM plant 177 

Directive 2001/18 (EC, 2001) defines a genetically modified (GM) plant, as one in which the genetic 178 

material has been altered in a way that does not occur naturally by mating and/or natural 179 

recombination. Inclusions and exclusions from this definition are described in Annex 1a of the 180 
Directive.  181 

Isogenic and near-isogenic lines  182 

In the case of a GM plant, its isogenic line is the non-GM line from which the GM plant is derived. 183 
Thus, the only difference between the isogenic line and the derived GM plant is the presence of the 184 

recombinant DNA. Near-isogenic lines are lines genetically identical to the GM plant except for some 185 

loci.  186 

Negative segregant (null-segregant) 187 

Plants that are negative segregants lack the transgenic event and can be produced, for example, by 188 

self-fertilisation of hemizygous GM plants, or from crosses between hemizygous GM plants and non-189 

GM plants.  190 

Segregation 191 

Segregation is the separation of hereditary genetic material into different cells during meiotic cell 192 

division. In meiosis, individual chromosomes of each chromosome pair are separated into daughter 193 
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cells. In the case of GM plants, segregation of stacked events can result in the production of GM plants 194 

(i.e. progeny) with a lower number of stacked events.  195 

Stacked events 196 

Events can be combined or "stacked" by conventional breeding or other approaches (e.g. re-197 
transformation) to produce a GM plant containing stacked events.  198 

2. The need for further elaboration on guidance for the selection of comparator(s) 199 

Guidance on the criteria to be followed for the selection of suitable comparators(s) in GM plant risk 200 
assessment needs to be revised to accommodate advances in agricultural biotechnology research and 201 

development, particularly with respect to the increasing complexity of GM plants containing stacked 202 

events, and the traits likely to be modified in future GM plants. The main issues addressed by the 203 

EFSA GMO Panel in this document are listed below. 204 

 Comparator(s) for GM plants containing single events   205 

In this document the EFSA GMO Panel confirms the current principles for the selection of 206 

comparator(s) for GM plants containing single events (EFSA, 2011a) and assesses the possible use 207 

of additional comparators.  208 

 Comparator(s) for GM plants containing events stacked by conventional breeding  209 

When multiple events are combined into a new GM plant by conventional breeding between 210 

existing GM lines, the primary concern for both MC and FF risk assessment and ERA is to 211 

establish that this new combination of events is stable and does not result in interactions that may 212 
raise safety concerns, as compared to single events (EFSA, 2011a). The production of a 213 

conventional counterpart for GM plants with events stacked by conventional breeding is becoming 214 

increasingly difficult due to the complexity of the commercial breeding programs used, and the 215 

number of events combined in the GM plant.  216 

 Comparator(s) for GM plants containing events stacked by methods other than conventional 217 

breeding 218 

To date guidance on the selection of comparators for GM plants containing stacked events has 219 

focused on stacking by conventional breeding. As other approaches can be used for the stacking of 220 
genes and events (e.g. multiple gene cassettes, co-transformation, and re-transformation) the 221 

EFSA GMO Panel has also considered in this document the selection of comparators in relation to 222 

the use of these approaches. 223 

 Cases where appropriate comparators are not available and a comprehensive risk assessment is 224 

required  225 

The development of GM plants targeted towards major compositional changes is progressing 226 

rapidly. This includes, for example, the development of crops with modified metabolism and 227 

physiology to provide improved quality and enhanced nutritional profiles. In such cases plant 228 
composition may be modified to such an extent that for FF risk assessment an appropriate 229 
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comparator cannot be identified for the species in question. In such cases the risk assessment 230 

requires an alternative approach. 231 

 232 

3. Guidance on the selection of comparator(s) 233 

3.1. Comparator(s) for GM plants containing single events 234 

For FF risk assessment (EFSA, 2011a) and ERA (EFSA, 2010b) the risk assessment of GM plants 235 

containing single events includes a conventional counterpart. In the case of crops vegetatively 236 
propagated the conventional counterpart is the non-GM isogenic line. In the case of crops propagated 237 

by sexual reproduction the conventional counterpart should have a genetic background as close as 238 

possible to the GM plant under assessment.  239 

The ERA of GM plants involves generating, collecting and assessing information from a wide variety 240 
of sources (EFSA, 2010b) which include: data from ecological field trials, agronomic field trials, field 241 

surveys, semi-field trials, molecular characterisation data, compositional data, ecotoxicological testing, 242 

modelling, desk and literature studies. Among these, the majority of comparative studies will include 243 
the GM plant under assessment and its conventional counterpart, with both receiving appropriate 244 

treatments and management regimes according to the requirements of the field study. However, 245 

depending on the GM plant and on the problem formulation, additional treatments/management 246 
regimes may need to be considered. Furthermore, for some ERA field trials (e.g. to assess the effects 247 

of management systems), alternative non-GM comparators may be considered. These could include, 248 

for example varieties or plants with agronomic properties as similar as possible to the GM plant, 249 

depending on the hypothesis to be tested and the impacts to be assessed.  The management techniques 250 
applied to the comparator should be compatible with the principles of good agricultural practice and 251 

Integrated Pest Management that are being introduced by Member States under Directive 252 

2009/128/EC (EC, 2009) establishing a framework for Community action to achieve the sustainable 253 
use of pesticide (see http://ec.europa.eu/environment/ppps/home.htm). 254 

The MC component of the risk assessment of GM plants containing single events is primarily focused 255 

on the analysis of the GM plant itself, the inserted DNA and the regions flanking the insert in the GM 256 

plant. Information is also required on the expression of the insert. Data on the conventional 257 
counterpart may be required on a case-by-case basis, e.g. when the expression of an endogenous gene 258 

has been targeted for modification (EFSA, 2011a). 259 

Additional comparators, e.g. a negative segregant, may be included if deemed useful to support the 260 
risk assessment.  261 

In all cases, information on the breeding scheme (pedigree) in relation to both the GM plant and the  262 

conventional counterpart, together with a clear justification for the use of the selected conventional 263 
counterpart and, if appropriate, alternative or additional comparators shall be provided. 264 

Field trials design  265 

For compositional, phenotypic and agronomic comparative analyses , field trials will include: the GM 266 

plant under assessment, its conventional counterpart and non-GM reference-varieties, representative of 267 
those that would be normally grown in the areas where the field trials are performed (EFSA, 2010a, 268 

2011a). 269 

http://ec.europa.eu/environment/ppps/home.htm
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For ERA, field trials for comparative assessment will include the GM plant under assessment and its 270 

conventional counterpart, with both receiving appropriate treatments and management regimes 271 

according to the requirements of the field study. However, depending on the GM plant and on the 272 

problem formulation, additional treatments and management regimes or alternative comparators (e.g. 273 
varieties with agronomic properties as similar as possible to the GM plant) may need to be considered 274 

(EFSA, 2010b). 275 

 276 

3.2. Comparator(s) for GM plants containing events stacked by conventional breeding 277 

The EFSA guidance document on the risk assessment of GM plants and derived food and feed (EFSA, 278 

2011a) and EFSA ERA guidance document (EFSA, 2010b) indicate that the risk assessment of GM 279 

plants containing stacked events requires the previous risk assessment of the GM plants containing 280 
these events independently (i.e. GM plants containing single events). 281 

For GM plants containing stacked events, the primary concern for MC and FF risk assessment and 282 

ERA is to establish that the combination of events is stable and does not result in interactions that may 283 
raise safety concerns, as compared to single events. The risk assessment of GM plants containing 284 

stacked events shall then mainly focus on issues related to the stability of the inserts, and the potential 285 

synergistic or antagonistic effects resulting from the combination of the events. 286 

In addition, the ERA considers to what extent the combination of events in a GM plant results in 287 

changes in management systems which could lead to additional environmental impacts compared to 288 

the management of the GM plants containing these events independently.  289 

For FF risk assessment of GM plants containing events combined by conventional breeding the first 290 
choice of comparator is the conventional counterpart as defined in this document. Where applicants 291 

can demonstrate that a conventional counterpart is not available then applicants could use: 292 

 Negative segregant(s), but only where the segregants are derived from crosses between GM plants 293 

containing events which have been risk assessed and which are all stacked in the GM plant under 294 
assessment. The breeding scheme used to produce the negative segregant(s) should be clearly 295 

illustrated and the negative segregant should be genetically as close as possible to the GM plant 296 

under assessment. This approach is only possible if either no unintended effects have been 297 
identified for the GM plants containing the single events or where the implications for the presence 298 

of such unintended effects in the GM plant containing the stacked events have been evaluated.  299 

and/or 300 

 Any set of GM plants that have all been risk assessed on the basis of experimental data collected 301 

according to the principles of EFSA MC and FF risk assessment (EFSA, 2011a). This set of GM 302 
plants must include between them all of the events stacked in the GM plant under assessment, and 303 

no others. This allows the analysis of potential interactions which may impact on safety. This set of 304 

GM plants may include either parental GM lines, if previously risk assessed, or GM plants 305 
containing the single events in case the parental GM line(s) has not been risk assessed. Additional 306 

comparators, e.g. negative segregants, can be included if deemed useful to support the risk 307 

assessment.  308 
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For example, if a GM plant containing five events has been produced by crossing a parent containing 309 

three events with a parent containing two events and no conventional counterpart is available, there are 310 

different possible scenarios: 311 

- both GM parental plants have been risk assessed previously. These can be used as the comparators; 312 

- the GM parental plant containing three events has been risk assessed, but not the one containing 313 
two events. The GM parental plant containing three events can be used as one comparator 314 

alongside the two already risk assessed GM plants containing the single events present in the other 315 

GM parental line; 316 

- neither of the parental plants was risk assessed before. The comparators should be the five already 317 
risk assessed GM plants containing the single events stacked in the GM plant under assessment.  318 

Similarly to what has been described in Section 3.1, the ERA of GM plants containing stacked events 319 

also encompasses a wide variety of different studies and the majority of comparative studies include 320 

the GM plant under assessment and its conventional counterpart, when this is available. However, 321 
depending on the GM plant under assessment and on the problem formulation, additional treatments 322 

and management regimes and/or alternative non-GM comparators may need to be considered, 323 

particularly for field trials. In addition to stability, expression and potential synergistic effects of the 324 
events, the ERA should consider to what extent the combination of events results in changes in 325 

management systems, which could lead to additional environmental impacts compared to the 326 

management of the GM plants containing these events independently.  327 

As indicated in Section 1.1, the MC component of the risk assessment is primarily focused on the 328 

analysis of the GM plant itself, but some analyses on a non-GM comparator can provide valuable 329 

information. This may include, for example, data on the levels of specific proteins present in the non-330 

GM plant which are the targets for gene silencing. For the MC assessment of interactions between 331 
events that could impact on the levels of the specific proteins (or in some cases specific RNAs or 332 

metabolites) under assessment, any set of GM plants that have all been risk-assessed and which 333 

include between them all of the events stacked in the GM plant under assessment but no others can be 334 
used as comparators. 335 

In all cases information on the breeding scheme in relation to both the GM plant containing stacked 336 

events and the selected comparator(s), together with clear justification for the use of the comparator(s), 337 

shall be provided.  338 

Field trials design 339 

For compositional analysis in FF risk assessment, field trials will include: the GM plant containing 340 

stacked events under assessment, its conventional counterpart and non-GM reference-varieties, 341 
representative of those that would be normally grown in the areas where the field trials are performed 342 

(EFSA, 2010a, 2011a). In case a conventional counterpart is not available, it may be replaced by 343 

appropriate negative segregant(s) and/or the set of GM plants as defined above. 344 

For ERA, field trials for comparative assessment should include the GM plant containing stacked 345 

events under assessment and its conventional counterpart. In case a conventional counterpart is not 346 

available, different comparator(s) may be appropriate depending upon the issue(s) under 347 

consideration. In particular: 348 
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 where studies utilise data arising from the field trials for compositional analysis mentioned above 349 

(often used to assess agronomic and phenotypic characteristics), the comparators will be identical 350 

to those listed above for FF risk assessment;     351 

 to evaluate the impact on persistence and invasiveness, target organisms, non-target organisms, 352 

effects of management, cultivation and harvest, and biogeochemical processes the conventional 353 

counterpart can be substituted, on a case-by-case basis, by another  non-GM line derived from the 354 
same breeding scheme used to develop the GM plant. Such a line could be genetically more distant 355 

from the GM plant than the conventional counterpart, but can still serve as an appropriate 356 

comparator. Alternatively, a non-GM line with agronomic properties as similar as possible to the 357 
GM plant containing stacked events can be used as an appropriate comparator. Applicants must 358 

justify the choice explicitly in such cases. The assessment of the effects of persistence and 359 

invasiveness requires information from specific experiments which tend to be of a case-specific, 360 

research-driven nature. The selection of the appropriate comparator should therefore be made on a 361 
case-by-case basis according to the effect studied.  362 

For cultivation, it should be stressed that consideration of management is essential since interactions 363 

between the events on biota may occur even if the products of the genetic modification themselves do 364 
not interact directly. Applicants should consider whether the use of additional comparators, such as the 365 

parental lines, or negative segregants, may be appropriate. 366 

 367 

3.3. Comparator(s) for GM plants containing events stacked by methods other than 368 

conventional breeding 369 

To date the EFSA approach on the selection of comparators for GM plants containing stacked events 370 

has focused on stacking by conventional breeding. However, other approaches can be used for the 371 
stacking of genes and traits (e.g. co-transformation, re-transformation, and multiple gene cassettes). 372 

Here the EFSA GMO Panel considers the selection of comparators in relation to the use of these 373 

approaches. 374 

3.3.1. Re-transformation 375 

If an existing GM line (containing either single or multiple events) is re-transformed, the same 376 

principles apply as for Sections 3.1 and 3.2 above. This requires that the new event is segregated and 377 
compared with a conventional counterpart. However, in the unlikely situation that the new-event 378 

integrates at the same locus as the existing event(s), then applicants should provide evidence that 379 

independent segregation of the events is not possible.  380 

Where applicants can demonstrate that a conventional counterpart does not exist then the comparator 381 
for a GM plant containing stacked events produced by re-transformation can be:  382 

 For FF either the negative segregant or the recipient GM plant which must have been risk assessed 383 

previously (see Section 3.2).  384 

 For ERA either another non-GM line used to develop the GM plant, or a non-GM line with 385 

agronomic properties as similar as possible to the GM plant under assessment.  386 
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For the MC assessment of interactions between events that could impact on the levels of specific 387 

proteins (or in some cases specific RNAs or metabolites) under assessment, any set of GM plants that 388 

have all been risk-assessed and which include between them all of the events stacked in the GM plant 389 

(and no others) used for re-transformation, should be included as comparators. 390 

Field trials design 391 

For compositional analysis in FF risk assessment, field trials will include: the GM plant under 392 

assessment, its conventional counterpart and non-GM reference-varieties, representative of those that 393 
would be normally grown in the areas where the field trials are performed (EFSA, 2010a, 2011a). In 394 

case a conventional counterpart is not available, it may be replaced by appropriate negative 395 

segregant(s) and/or the set of GM plants as defined above. 396 

For ERA, field trials for comparative assessment will include the GM plant under assessment and the 397 
conventional counterpart, or if this is not available, either another  non-GM line used to develop the 398 

GM plant, or a non-GM line with agronomic properties as similar as possible to the GM plant under 399 

assessment. The inclusion of the GM parental line is recommended as an additional comparator. 400 

3.3.2.  Co-transformation 401 

Multiple genes or sequences that modify gene expression can be co-transformed into plants using two 402 

or more individual DNA molecules, each harbouring different transformation cassettes. If the 403 
receiving plant is non-GM, the comparator should be the conventional counterpart as in the case of 404 

GM plants containing single events (see Section 3.1). In co-transformation the transformation cassettes 405 

may or may not integrate at the same locus within the genome. If they do not then independent 406 

segregation of inserts derived from each cassette in subsequent progenies is likely. The applicant 407 
should either provide evidence that segregation of the functional inserts and traits does not occur or, 408 

where segregation is possible, provide a risk assessment of the GM plants containing the segregating 409 

single events, including all their possible sub-combinations. In this case the comparator should be the 410 
conventional counterpart. If co-transformation is used to re-transform an existing GM plant the 411 

applicant should follow the guidance for FF and ERA provided in section 3.3.1. 412 

3.3.3. Transformation cassette containing multiple genes 413 

If a GM plant has been produced by inserting, in a non-GM line, a single cassette with multiple genes 414 
or sequences which will modify gene expression, it is expected that the insert will occur at a single 415 

locus. Therefore, independent segregation of the elements of this cassette is not likely. However, the 416 

potential effects of a loss of function of genetic elements within the event need to be considered 417 
(EFSA, 2011a). With regard to the choice of comparator this case should be treated as a GM plant 418 

containing a single event (see Section 3.1). Where the cassette is introduced into an existing GM line, 419 

the comparators should be selected using same the principles set out in Section 3.3.1. Re-420 
transformation of existing GM plants should use guidance provided in section 3.3.1. 421 

 422 

3.4. Additional comparisons required on a case-by-case basis  423 

Risk assessment of GM plants and derived food and feed should be carried out in an integrative 424 
manner and, on a case-by-case basis, depending on the type of genetic modification, should take into 425 
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consideration environmental factors including cultivation practice that may influence food and feed 426 

safety. 427 

GM plants carrying specific traits, e.g. herbicide tolerance, require appropriate treatment comparisons 428 

to evaluate FF, MC and environmental safety. Such GM plants may include cases in which the traits 429 
are stacked to provide tolerance to multiple herbicides.  430 

As indicated in Section 1.1 and 3.2, the MC component of the risk assessment is primarily focused on 431 

the analysis of the GM plant itself. In the MC risk assessment of the herbicide-tolerant GM plant 432 
containing single events, the experimental design should always include the following test materials: 433 

the GM plant exposed to the intended herbicide, and the GM plant treated with the conventional 434 

herbicide management regimes. For GM plants containing stacked events, comparison of conventional 435 

and specific treatments linked to the trait(s) (e.g. use of herbicides) are only necessary if data obtained 436 
from the respective GM plants containing the single events indicate a potential safety concern. 437 

In the FF risk assessment of herbicide-tolerant GM plants, containing single or multiple events, the 438 

experimental design should include the following test materials: the GM plant exposed to the intended 439 
herbicide(s), the comparator treated with conventional herbicide management regimes and the GM 440 

plant treated with the same conventional herbicide management regimes.  441 

The same three test materials are recommended for the ERA of GM plants containing single events 442 
(EFSA, 2010b). For GM plants containing stacked events that include herbicide-tolerant traits, only 443 

two test materials are mandatory: the GM plant exposed to the intended herbicide(s) and the 444 

comparator treated with the appropriate conventional herbicide management regime. However, on a 445 

case-by-case basis, and particularly when assessing the effects of changes in management, it may also 446 
be necessary to include the GM plant treated with the same conventional herbicide management 447 

regimes. In the case of GM plants containing stacked events that are tolerant to multiple herbicides, 448 

there are several possible options for the management of the GM plants. An appropriate choice must 449 
be made on a case-by-case basis (EFSA, 2010b) and clear justification shall be provided by the 450 

applicant. 451 

In addition to cases of herbicide tolerance, there are other situations where the inclusion of 452 

comparators, other than those described in this document, may provide useful information for the risk 453 
assessment. For example, for the assessment of insect-resistant plants, comparisons may involve a 454 

range of pest control practices. 455 

 456 

4. Challenges and limitations to the selection of comparators 457 

The majority of GM plants applications concern modifications to agronomic traits such as herbicide 458 

tolerance and/or insect resistance. Currently, GM plants are being developed with quality traits 459 
modified by major modifications in metabolic pathways, possibly leading to extensive compositional 460 

alterations. Examples include nutritionally enhanced foods with qualitative and quantitative changes in 461 

proteins, amino acids, carbohydrates, oils/lipids, vitamins and minerals. Other GM plants will have 462 

new traits which facilitate adaptation to environmental stress conditions such as drought or high 463 
salinity. These crops may be cultivated in areas where they have never been grown before. 464 

The selection of appropriate comparators for the risk assessment of these GM plants with complex 465 

modifications may be difficult. When no appropriate comparator is available, the risk assessment 466 
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should be based primarily on the evaluation of the characteristics of the GM plant and derived 467 

products themselves. 468 

Such a scenario is addressed in the guidance on the risk assessment of GM plants and derived food and 469 

feed (EFSA, 2011a) where it is stated that: “Where no comparator can be identified, a comparative 470 
risk assessment cannot be made and a comprehensive safety and nutritional assessment of the GM 471 

plant and derived food and feed itself should be carried out. This would, for instance, be the case 472 

where the food and/or feed derived from a GM plant is not closely related to a food and/or a feed with 473 
a history of safe use, or where a specific trait or specific traits are introduced with the intention of 474 

changing significantly the composition of the plant”. In this guidance data requirements for the safety 475 

assessment of the GM plant and derived food and feed for which no appropriate comparator is 476 

available are listed and discussed in details. 477 

The risk assessment of such GM plants should be focused on specific characteristics of the genetic 478 

modification, on food/feed constituents and on the whole food/feed. Data are required on: 479 

a) characteristics of the donor organisms and recipient plant;  480 

b) genetic modification and its functional consequences; 481 

c) compositional characteristics of  food and feed derived from the GM plant; 482 

d) potential toxicity and allergenicity of gene products (proteins, metabolites) and the whole GM 483 
plant and its derived products; 484 

e) dietary intake and potential for nutritional impact; 485 

f) influence of processing and storage on the characteristics of the derived products. 486 

A description of the compositional analysis and specific toxicological/nutritional analyses 487 
requirements, selected according to the compositional properties of the GM plant and the derived food 488 

and feed, is provided elsewhere (EC, 1997; EFSA, 2011a). 489 

Depending on the available data, animal feeding trials with whole food or feed using laboratory animal 490 
species (rodents) and/or target animals should be considered, on a case-by-case basis. Approaches and 491 

test protocols for animal feeding trials with GM plants which have been extensively modified in 492 

composition, are described in the Report of the EFSA GMO Panel on the role of animal feeding trials 493 

(EFSA, 2008), and the opinion of the EFSA Scientific Committee on 90-day feeding trial protocol 494 
(EFSA, 2011b). 495 

For ERA, the main focus should be on the environmental impacts and the management of the GM 496 

plant compared to what is currently grown and/or against environmental protection goals (EFSA, 497 
2010b). Comparators should be chosen on a case-by-case basis.  Dependent on the issue(s) under 498 

consideration, choices might include: a non-GM line derived from the breeding scheme used to 499 

develop the GM plant; a non-GM plant with agronomic properties as similar as possible to the GM 500 
plant under assessment; and/or a non-GM line having other characteristics as close as possible to those 501 

of the GM plant, except for the intended modification. Additional comparators could be considered on 502 

a case-by-case basis, including plants of other species appropriate to the environmental conditions. 503 

Applicants should justify their choice in all cases. Further guidance on this topic may be derived from 504 
the ERA Guidance (EFSA, 2010b). 505 

 506 
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5. Conclusions 507 

A key step in the safety assessment of GM plants and derived food and feed is the identification of 508 

differences (intended and unintended) and equivalences between the GM plant and its comparator(s), 509 

taking into account natural variation. This information will assist the identification of potential adverse 510 
effects arising from the genetic modification. Within this risk assessment framework, the EFSA GMO 511 

Panel has, to date, required the use of non-GM lines with comparable genetic background as 512 

comparators. In the case of vegetatively propagated crops, these are the isogenic lines. In the case of 513 
sexually propagated crops these are non-GM lines as close as possible genetically to the GM plant 514 

under assessment. The identification and production of such comparators is becoming increasingly 515 

challenging due to the increasing complexity of breeding approaches and of the GM plants 516 

themselves, e.g. those developed by combining (stacking) events through conventional breeding, or 517 
those in which significant compositional changes are targeted. Consequently the EFSA GMO Panel 518 

has developed further guidance in this area. 519 

For the FF risk assessment (EFSA, 2011a) and the ERA (EFSA, 2010b) of GM plants containing 520 
single events the EFSA GMO Panel confirms that the risk assessment must include a conventional 521 

counterpart. The EFSA GMO Panel also indicates the possible use of additional comparators, such as 522 

negative segregants, if deemed useful to support the risk assessment. In addition, for some ERA field 523 
trials and specific agronomic traits, depending upon the objective of the study (EFSA, 2010b) and only 524 

if there is explicit justification, the applicant may use a non-GM variety, with agronomic properties as 525 

similar to the GM plant as possible, as appropriate comparator. In all cases, information on the 526 

breeding scheme in relation to both the GM plant and the conventional counterpart, together with a 527 
clear justification for the use of the selected conventional counterpart and, if appropriate, alternative or 528 

additional comparators should be provided. 529 

For the FF risk assessment of GM plants with traits combined by conventional breeding the first 530 
choice of comparator is the conventional counterpart. Where applicants can demonstrate that a 531 

conventional counterpart is not available, then applicants have two options: 1) the use of an 532 

appropriate negative segregant(s) where the segregants are derived from crosses between GM plants 533 

containing events which have been risk assessed and which are all stacked in the GM plant under 534 
assessment. This approach is only possible if either no unintended effects have been identified for the 535 

single events, or where the presence of such unintended effects in the GM plant containing the stacked 536 

events does not raise safety concerns. The breeding scheme used to produce the segregant(s) should be 537 
clearly illustrated; and/or 2) the  use of any set of GM plants that have all been risk assessed on the 538 

basis of experimental data collected according to the principles of EFSA MC and FF risk assessment 539 

(EFSA, 2011a). This set of GM plants must include between them all of the events stacked in the GM 540 
plant under assessment, and no others. Additional comparators may be included if deemed useful to 541 

support the risk assessment. 542 

For the ERA of GM plants with traits combined by conventional breeding the comparator is normally 543 

the conventional counterpart. In cases where a conventional counterpart is not available, different 544 
comparator(s) might be considered, depending upon the issue(s) under consideration. Where studies 545 

utilise data arising from the field trials for compositional analysis, to assess agronomic and phenotypic 546 

characteristics, the comparators will be identical to those for the FF risk assessment. For other ERA 547 
field studies, the conventional counterpart can be substituted, on a case-by-case basis, by either 548 

another non-GM line derived from the same breeding scheme used to develop the GM plant. Such a 549 

line will be genetically more distant from the GM plant than the conventional counterpart, but can still 550 
serve as an appropriate comparator. Alternatively a non-GM line with agronomic properties as similar 551 

as possible to the GM plant under assessment can serve as an appropriate comparator.   552 

The MC component of the risk assessment of GM plants containing single or stacked events is 553 

primarily focused on the analysis of the GM plant itself. In case of GM plant containing single events 554 
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data on the conventional counterpart may be required on a case-by-case basis. In case of GM plants 555 

containing stacked events, the MC assessment of interactions between events that could impact on 556 

protein expression levels (or in some cases specific RNAs or metabolites), requires as comparators any 557 

set of GM plants that have all been risk assessed. This set of GM plants must include between them all 558 
of the events stacked in the GM plant under assessment, and no others. 559 

In cases the stacking of events is performed applying stacking methods other than conventional 560 

breeding (such as co-transformation, re-transformation and multiple gene cassettes) similar principles 561 
as described for stacking by conventional breeding apply.  562 

In cases where appropriate comparators are not available a comprehensive safety and nutritional 563 

assessment on the GM plant and derived food and feed itself is required as for other novel foods (ref to 564 

guidance on novel foods). Further development of a comprehensive safety and nutritional assessment 565 
strategy is needed.  566 

For ERA, the main focus should be on the environmental impacts and the management of the GM 567 

plant compared to what is currently grown and/or against environmental protection goals. Thus, the 568 
comparator should be chosen on a case-by-case basis according to the issue(s) under consideration.  569 
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