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- to examine the fate of GM raw materials and processed
products throughout food production chains (traceability);

- to examine new strategies for the detection of GM raw
materials, processed products and food ingredients;

- to examine societal aspects and consumer attitudes
towards the introduction of foods derived from GM crops.

Approach and methodology

Participants in the ENTRANSFOOD consortium were
recruited from academia, research centres, biotech and plant
breeding companies, food industries, food retailers, regula-
toryagencies, and consumer groups across Europe. Altogether,
45 research centres participated in the RTD projects, and
62 experts in the working groups. Many of the working group
members are also actively involved in the research projects.

Research was carried out in the context of five EU-funded
shared-cost projects:

1. new methods for the safety testing of transgenic food
(SAFOTEST);

2. new methodologies for assessing the potential of unin-
tended effects in genetically modified food crops
(GMOCARE);

3. safety evaluation of horizontal gene transfer from
genetically modified organisms to the microflora of
the food chain and human gut (GMOBILITY);

4. reliable, standardised, specific, quantitative detection
of genetically modified foods (QPCRGMOFOOD);

5. new technology in food science facing the multiplicity
of new released GMOs (GMOCHIPS).

Evaluation and review activities have been carried out in the
following five working groups:

1. design of safety assessment strategies for transgenic
foods;

2. design of strategies for the detection of unintended
alterations in GM food crops due to the process of
genetic modification;

3. evaluation of the risks of gene transfer from GM foods
to micro-organisms in the human digestive tract or to
human cells;

4. evaluation and design of strategies for detection and
traceability of GM foods and food components;

5. understanding of societal responses to GM foods.
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Fig 1. provides an overview of the way in which activities
within ENTRANSFOOD have been structured:

Fig 1.

Structure of ENTRANSFOOD
activities.
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Main findings and outcome

Each working group of ENTRANSFOOD has generated a sci-
entific review on its particular task. The reviews of all work-
ing groups have been grouped together in a special edition of
Food Chemical and Toxicology (Volume 42, issue 7, July 2004).
This publication should contribute to the current activities
on risk assessment and consumer perception. It should help
to underpin the European policy on GM crops and form
a basis for further discussions and research activities in
Europe and also worldwide.

In addition a European Commission-funded overarching
paper has been published, written by the ENTRANSFOOD
participants, which summarises the main findings of the
working groups in order to inform stakeholders, policymak-
ers, consumer groups, and the interested public’.

An overview of the main conclusions of the working groups
is provided below:

Safety Testing of Transgenic Foods (Working Group 1)
The safety evaluation of foods derived from GM crops is car-
ried out in a comparative manner, i.e. differences between the
GM crop and the novel or differently conventionally grown

7 KénigA., Kleter G., Hammes W., Knudsen I, Kuiper H. (Eds.). Genetically Modified
Crops in the EU: Food Safety Assessment, Regulation, and Public Concerns
- Overarching Report. The European Network on Safety Assessment of Genetically
Modified Food Crops. Office for Official Publications of the European
Communities, Luxembourg, 2004.
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crop are identified and investigated with respect to their
impact on human or animal health (Concept of Substantial
Equivalence, see Fig 2.). The basic idea behind this approach
is that conventional foods have a long history of safe use.

ENTRANSFOOD Working Group 1 has designed a detailed
stepwise procedure to carry out the safety assessment of GM
crop-derived foods on a case-by-case basis (Fig 3.). The
approach comprises four steps: characterisation of the par-
ent crop which is genetically modified; characterisation of
the genetic modification process; toxicological and allergenic-
ity assessment of new gene products (proteins and metabo-
lites); and safety evaluation of the whole GM food crop.

A combination of existing test methods provides arobust test
regime and ensures that GM foods that have passed the test
procedure are as safe and nutritious as currently consumed
plant-derived foods. The designed approach is also applica-
ble to new generations of GM food crops with extensive com-

positional changes.
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Fig 2.
Comparative Sagety Assesment
of GM Crop Plants.

Fig 3.
The elements in the safety

assessment of food derived
Sfrom a GM crop.
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Detection of Unintended Effects (Working Group 2)
Unintended alteration in the composition of plants is a com-
mon phenomenon that occurs when changing the genetic
information of a plant, either by classical breeding methods
or by GM technology. There is no indication that unintended
effects are more likely to occur in GM crops.

Detection of unexpected effects in plants, which are devel-
oped by GM technology, relies primarily on the comparative
analysis of levels of selected key nutrients and toxic com-
pounds present in the GM crop and its traditional non-mod-
ified counterpart. Identified alterations in composition may
fall within the natural range of variations and thus not be of
toxicological concern, or fall outside these ranges and then
need further toxicological or nutritional investigation.
This targeted approach has been shown to be effective in
conventional plant breeding in identifying alterations
in composition.

In order to increase the probability of detecting unexpected
effects, profiling techniques are under development. These
methods, based on modern genomic, protein and metabolite
detection techniques, are able to provide a ‘global overview
of gene expression and chemical composition of the GM and
non-GM crop (non-targeted approach).

Gene Transfer (Working Group 3)

Horizontal gene transfer is at the origin of the variety of life
itself. The impact of horizontal gene transfer will depend among
others on the selective advantage for the bacterial population.
There islittle scientific reason to assume that the consumption
of foods derived from GM crops constitutes a specific risk.

Whereas uptake of ingested recombinant (foreign) DNA by
mammalian somatic cells has been demonstrated, there is no
evidence that ‘consumed’ DNA will end up in germline cells.
Transfer of antibiotic resistance marker genes from GM plant
varieties to the gut microflora of humans and their expression
is most probably a rare event, given the low amounts ingested
and degradative conditions in the gastro-intestinal tract.

However, since gene transfer cannot completely be excluded,
ENTRANSFOOD has classified antibiotic resistance marker
genes based on their distribution and therapeutic impor-
tance. This risk classification is aimed at contributing to the
current debate within the EU regarding the phasing out of
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those marker genes that pose a threat to the environment or
human health (EU Directive 2001/18/EC).

Traceability and Quality Assurance (Working Group 4)
The recently introduced EU regulations impose requirements
of labelling on foods or feed containing ingredients derived
from GM food/feed crops or containing traces of GM crops
above a certain threshold (>0.9 %).

To facilitate control and to verify labelling claims, and to facili-
tate product recall when necessary, reliable documentation sys-
tems have had to be developed that trace back the origin of the
ingredients (traceability system) and analytical methods to
detect and quantify the amount of GM derived ingredients.

It is recommended to make detection and/or identification
methods available to regulatory authorities and food control
laboratories. With more genetically modified organisms
(GMOs) being developed worldwide, more efficient GMO
detection and identification methods, based on the latest
molecular biology methods, need to be developed. In addi-
tion, the use of traceability systems for post-marketing appli-
cations requires new labelling systems that convey all
necessary information on the presence of individual GMO
varieties to the reader.

Societal Aspects (Working Group 5)

Risk assessment of GM foods has focused on adverse health
effects for humans and the environment, but public concern
is much broader, focusing not only on risks, but also on who
benefits, what are the needs and how GMOs contribute to
sustainable agriculture. It is important to explicitly address
public concerns and to develop new methods for stakeholder
involvement and public consultation.

For future research projects, it is recommended to address
ways to formalise public engagement and consultation into
new working procedures, as well as the impact on the risk anal-
ysis process, regulatory procedures and the institutions
involved.

In addition, this working group considers that there is a need
for a general framework for risk analysis of all types of new
foods produced by different breeding and production methods,
taking scientific, economic and societal aspects into account.
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(2004).

Kuiper H.A., Kleter G.A.,
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Conclusions

ENTRANSFOOD was primarily designed to deal with food
safety and consumer concerns related to the introduction of
foods derived from GM crops. However discussions during
the meetings stressed that consumer concerns regarding
a possible negative impact of large-scale cultivation of GM
crops on the environment have equal weight. A global risk
analysis of the technological innovation in agriculture should
include these aspects.

The consortium has been a unique experience, with partici-
pants with different disciplines and from different affiliations.
This has made it possible to examine a broad range of issues
related to the risk assessment, management, and communi-
cation of GM crop-derived foods, and to add a significant level
of detail to the current guidelines for the scientific pre-mar-
ket assessment strategies for GM crop-derived foods.
Consensus was reached that a rigorous science-based risk
assessment of the environmental impact, and of the possible
effects on human health of foods derived from GM crops only,
is not sufficient to gain public support for the introduction of
this new food production technology into society. Appropriate
risk management measures and aspects like sustainability,
benefits and impact on society must be taken into account.

The consortium has examined existing and evolving meth-
ods to detect the possible occurrence of unintended effects
on the composition of GM food crops as a result of genetic
modification. Detection of such effects should primarily rely
on targeted approaches, measuring single compounds in GM
and non-GM plants that represent important metabolic path-
ways. This should continue to be the leading principle in reg-
ulatory risk assessment procedures for GM crops and derived
foods and feed.
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ENTRANSFOOD has examined whether genes coding for
antibiotic resistance can be used as markers for the transfor-
mation event. The public debate is focused on hazards of
transfer of these genes present in GM crop-derived foods to
microbes residing in the human gut or to human cells.
Although the actual risk of transfer and subsequent spread-
ing of resistance is negligible, we recommend a precaution-
ary approach to the use of these marker genes, since there is
still alack of knowledge on the specific conditions where gene
transfer might be possible. The consortium has categorised
currently available marker genes into three groups, accord-
ing to their presence in the environment and the importance
of the antibiotic for clinical use. This implies that the pres-
ence of certain marker genes like nptII and hpt in GM crop-
derived foods does not pose an additional risk to the
environment or to human health, therefore the use of these
genes as markers can be continued.
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Reliable, standardised,
specific, quantitative detection
of genetically modified food

Background and objectives

Available methods for the detection of genetically modified
(GM) materials can only be used to screen for the presence of
potential GM material, or to detect and identify known GM
material. Consequently, a potential danger arises from the
failure to detect unapproved GM organisms (GMOs). GMO
approval covers a specific genetic modification (product of
a transformation). Because the genetic construct can be used
in more than one GMO, such elements are not reliable identi-
fiers of specific transformations.

The regulatory need for detection methods that can distin-
guish between approved and unapproved GMOs and quantify
GMO content incited this project. Detection methods specific
for each transformation event (using the junction between the
modified DNA and the part of the host genome where the mod-
ified DNA is integrated) were deemed necessary (see Fig 1.).
Very few plant species-specific genes that can be used as
areference for quantification of GMO content have been iden-
tified. A qualitative analysis that can detect and identify more
than a single GMO in a single reaction has clear cost-efficiency
potential. Furthermore, DNA extraction methods which can
influence the sensitivity and reliability of polymerase chain
reaction (PCR)-based detection assays must be optimised.
Finally, validation of these methods is critical to assess their
reliability. There is also an urgent and growing need for
European and international standards for GMO detection.

The major aims of this project were, first, to develop reliable
and transformation event-specific tests for qualitative and
quantitative detection of genetic modifications in food for at
least 12 GMOs. Second, to develop reliable and transforma-
tion event-specific multiplex tests for determination of the
diversity of genetic modifications in food. Finally, to investi-
gate how improved methods for detection of genetically mod-
ified foods might influence consumer confidence in food
security, science and risk regulators.

Approach and methodology
This project comprised six work packages. The first involved

theidentification of the application and limitations of a stand-
ard DNA extraction protocol. The effects of various modifica-
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tions of the extraction protocol were examined on a variety
of product types. PCR-based GMO quantification determines
the relative number of a GMO to a single-copy gene specific
for the GM host species.

The second work package identified and characterised suit-
able species-specific reference genes, and developed reference
gene-specific primer/probe sets for qualitative and quantita-
tive PCR. This involved screening of literature and DNA
sequence databases, sequencing uncharacterised candidate
genes, and empirical testing of primers and probes. The tar-
get copy number per genome was examined by standard DNA
hybridisation techniques.

The third work package involved sequence characterisation
of transformation events. Sequence data were requested from
biotechnology companies or other sources on a collaborative
basis, but generally these requests were unsuccesful.
Consequently, DNA fragments containing the junction
regions were instead isolated and sequenced from whatever
reference material was available.

In the fourth work package, transformation event-specific
primer/probe sets were developed and tested. Specific PCR
primers and probes were developed for qualitative detection
of GMOs in single GMO and multiplex assays, as well as for
quantitative detection with real-time PCR.

In the fifth work package, the developed methods were vali-
dated in multilaboratory and collaborative trials.

The final work package examined the socio-economic impact of
GMO regulation and detection. A questionnaire survey in the
UK, Norway and Italy provided information about the impact on
consumer confidence ofimproved analytical methods for GMOs.

Main findings and outcome

In WP1 DNA extraction methods for maize- and soybean-
derived matrices were compared, modified, and evaluated,
and successively selected protocols were subjected to multi-
laboratory and collaborative trial validation in WP5. The final
report of the workpackage is published on http://www.vetinst.
no/eng/content/download/645/5811/file/Deliverablel.pdf

In WP2 candidate reference genes for maize, soybean, wheat,
rice, rapeseed (canola), tomato, potato, sugar beet and sun-
flower were examined, characterised, evaluated and for the
majority of the species at least one real-time quantitative PCR
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Fig 1.
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Relationship between the genetic
transformation and the specificity
and applicability of detection
methods for classes of targets.

A gene construct is a synthetic
combination of genetic elements
containing at least the desired
trait gene and a promoter (start)
and terminator (stop) element.
The objective is to insert this
construct into a recipient genome.
Succesful transformation will
lead to the insertion of a complete
copy of the gene construct into the
recipient genome.

The chimeric sequence motif
comprised by a part of the
recipient genome and a part

of the inserted gene construct

is a unique molecular identifier
Sfor the transformation event.
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GMO detection, in descending
order of specificity.
Event specific sequences resulting
from the fusion of a host (recipient)
genomic sequence and an inserted
(transgenic, donor) sequence. These
sequence motifs are only found in
the descending lines from a specific
transformation event, including
hybrid stacks from crosses. The
motifs are always single copy in
the haploid GM genome, and are
consequently reliable target
sequences for identification and
quantitation purposes.
These targets correspond to
synthetic gene constructs
resulting from fusion of naturally
occurring elements in a way that
does not occur in nature; the
synthetic construct may be found
in more than one GMO. The
presence of these junction motifs
is consequently reliable evidence
of the presence of GMO-derived
material. Their copy number may
vary from one GMO to another.
Gene specific methods are useful
Jfor identification of specific traits
only. These targets are often
derived from naturally ocurring
microorganisms, plants, etc., but
may have been modified relative
to the original haplotype, in which
case they serve as reliable evidence
of the presence of GMO derived
material. Their copy number may
also vary from one GMO to another.
Promoters and terminators are
useful for screening purposes only.
These targets are usually derived
from naturally occurring micro-
organisms, viruses, etc., and may
be found in several different GMOs,
in variable numbers of copies,
and also in non-GM samples.
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method was developed to be used as a reliable reference gene
system for GMO quantitation. The final report of the work-
package is published on http://www.vetinst.no/eng/content/
download/644/5807/file/Deliverable2.pdf.

In WP3 the insert and/or junction between host genome and
insert was characterised for GTS 40-3-2 (Roundup Ready) soy-
bean, Bt11, Bt176, Mon810, CBH 351 (Starlink), GA21, DBT418
and T25 maize, and for MS8, Rf3 and GT73 rapeseed. Unsuc-
cessful efforts were made to obtain material for additional
events. For approximately half of the events, inferred sequences
were conflicting with data provided by the notifiers of the events
in the official dossiers. The updated genetic maps consequently
amended the information available to risk assessors. The final
report of the workpackage is published on http://www.vetinst.
no/eng/content/download/643/5803/file/Deliverable3.pdf.

In WP4 the sequence data from WP2 and in particular from
WP3 were used to develop single- and multiplex-detection
methods for screening, construct and event-specific detec-
tion and quantification of GMOs and derived material.
Selected methods were subjected to multilaboratory and col-
laborative trial validation in WP5. The final report of the
workpackage is published on http://www.vetinst.no/eng/con-
tent/download/642/5799/file/Deliverables4to6.pdf



CHAPTER 2 . GMO AND FOOD SAFETY

In WP5 methods developed in WP1, WP2 and WP4 were sub-
jected to multilaboratory and collaborative trial validation,
and methods successfully validated in collaborative trials were
successively forwarded to CEN/TC 275/WG 11 as proposed
annexes to European and International (ISO) standards.
Criteria for method evaluation, performance characteristics
and acceptance criteria were discussed, including alternative
reference materials and modular method validation and imple-
mentation. The results of the workpackage activities formed
a fundament for successive work by the European Network
of GMO Laboratories (http://engljrc.ec.europa.eu) and guid-
ance documents publised by the European Commissions
GMO Community Reference Laboratory (http://gmo-crljrc.
ec.europa.eu). The final report of the workpackage is published
on http://www.vetinst.no/eng/content/download/641/5795/
file/Deliverable7.pdf

In WP6 the questionnaire surveys were unfortunately con-
ducted before the majority of the method development work
had been done, and in effect the link between the molecular
and the socio-economic research activities was not exploited
as much as originally foreseen. However, close dialogue
throughout the project duration ensured that relevant infor-
mation was exchanged, and input from the molecular activi-
ties may be exploited more effectivelyin future socio-economic
studies. The final report of the workpackage is published on
http://www.vetinst.no/eng/content/download/653/5851/file/
Deliverable8a.pdf; http://www.vetinst.no/eng/content/down-
load/640/5791/file/Deliverable8b.pdf

In addition to the activities described above, some activities
spanning several of the WPs, including a number of reviews
and discussion papers, were realised. The majority of results
directly obtained from the WPs are published in peer-
reviewed scientific journals and other references.

Conclusions

This project has provided information and methods essential
for the detection of GMOs, contributed to shaping the EU
GMO Community Reference Laboratory (CRL), including the
CRLs method acceptance criteria and approach for method
validation. It has also contributed to a better understanding
of the impact of knowledge about available detection meth-
ods on consumer confidence in stakeholders involved in food
production and control, and to confidence in the regulatory
framework and food safety.
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New methods for the safety
testing of transgenic food

Background and objectives

In 1997, the European Union Scientific Committee on Food
(SCF) issued a set of recommendations for the safety assess-
ment of novel foods, including food that has been prepared
using genetically modified (GM) organisms. The SCF sug-
gested a decision tree approach which, for the toxicological
part, may include a demand for separate animal studies to
provide the missing information. However, the SCF did not
give specific advice on how to carry out these studies, but
stated that the design should be determined on a case-by-
case basis. As a consequence, in Europe, there is no precise
harmonisation of methodologies to assess the safety of trans-
genic food products, and it is being difficult to use traditional
animal feeding studies for toxicological assessments. This
clearly raises biosafety issues for the use of GM products in
food. In vivo and in vitro validated nutritional-toxicological
testing procedures are urgently required.

The overall objective of this project was to develop and vali-
date the scientific methodology which is necessary for assess-
ing the safety of foods from GM plants, in accordance with
the European Union Regulation 258/97 of January 27 1997
concerning novel foods and novel food ingredients. The
project was designed to meet the immediate need for a sen-
sitive and specific testing strategy for GM foods in a scientifi-
cally valid and economically feasible manner.

Approach and methodology

The project, subdivided into seven different stages, examined
a safety testing procedure for food derived from GM plants.
In stage I, three strains of GM rice containing introduced
genes were developed and characterised. The genes that were
introduced encode three potentially insecticidal proteins: the
snowdrop lectin GNA (which does not have any known mam-
malian toxicity, but which interacts with the gut), the kidney
bean lectin PHA-E (which has high mammalian toxicity), and
a bacterial toxin from Bacillus thuringiensis which has no
known mammalian toxicity. In addition, recombinant pro-
teins have been expressed and purified for later use as ‘spik-
ing materials’ for the in vivo studies and test material for the
in vitro studies.
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In stage IL the three strains of transgenic rice were grown in
sufficient quantities for in vivo testing, and their genetic iden-
tity and stability have been assured. Stage III involved identi-
fication and measurement of the critical nutrients, the critical
toxic agents and other critical chemical changes in the trans-
genic rice strains. In stage IV, a study based on OECD 28-day
test guidelines has been performed to ensure optimal diet
composition and to measure suspected lectin or Bt-sensitive
parameters for applications in stage V1. Stage Vinvolved meas-
urement of the effects of lectins and Bt toxin in a number of
in vitro systems, in order to adjust the sensitivity and specifi-
city of parameters which were investigated in the animal study
with the transgenic rice species in stage VI. Supplementary
mechanistic and dose response studies have also been carried
out in vitro to supplement the in vivo studies for the final risk
assessment. In stage VI, a 90-day OECD toxicity study in rats
has been carried out with the three transgenic strains of rice,
with and without the relevant test protein. In this study, the
measurements of the lectin and Bt-sensitive parameters opti-
mised in stages IV and V have been incorporated.

In the final stage, the results as well as the knowledge base
acquired from the first six stages were evaluated in order to
assess the sensitivity, specificity and efficacy of the safety
testing approach.

Main findings and outcome

The results obtained from this project have been presented
at workshops, published in international journals (Knudsen
and Poulsen, 2007; Poulsen et al., 2007a+b; Schreder et al.,
2007; Kroghsbo et al., 2008) and discussed in international
fora, thereby providing a platform from which methodologies
and recommendations based on this project can be trans-
formed into internationally accepted guideline tests for safety
testing of GM foods.

The SAFOTEST results from the 90-day rat feeding study with
609% PHA-E rice mixed in the purified diet have demonstrated
that the biological/toxicological effects of the inherent PHA-E
in the PHA-E rice corresponding to a dosage of 30 mg PHA-E/
kgbody weight/day can be identified in the 90-day study, espe-
cially when the results are compared with the compound spe-
cific effects found in the additional test group spiked with
70 mg PHA-E/kg body weight/day (Poulsen et al., 2007a). The
results demonstrated, according to the expectation, both the
specificity of the 90-day rat feeding study to detect specific
compound-related effects, and the sensitivity of the test design
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to detect the bioavailable PHA-E, inherently formed in the rice
(Poulsen et al., 2007a). In this manner the results also allowed
the biological distinction between the primary effects caused
by the novel gene product and effects of secondary changes.

The complete data set that has arisen from the SAFOTEST
approach comprises the data on the parent plant(s), the gene
construct(s), the gene product(s), the data from the composi-
tional analyses, the data from the in vitro/ex vivo toxicity stud-
ies and the data from the 28-day rat toxicity study on the gene
product, summed up in the data from the 90-day rodent feed-
ing study with the intact plant food itself. The hazard charac-
terisation based upon this data set addressed most precisely
the safety issues and less precisely the nutritional properties of
the GM food based on the comparison with its parental coun-
terpart. The experiences gained from SAFOTEST indicated
that the nutritional element can be covered as precisely as the
safety issue in future studies, but that it is difficult to distin-
guish between nutritional and safety effects.

Conclusions

It is important that the SAFOTEST approach is not just seen
as a 90-day toxicity study confirming the safety of the inher-
ently produced new gene product, but more as a comparative
safety study, which establishes the relative safety between the
GM food and its traditional counterpart by undertaking a bio-
logical screening of health effects of both the intended and
unintended changes. In the SAFOTEST approach, this study
is the final achievement in a chain of information gathering.
The safety assessment in SAFOTEST draws on the knowledge
of the identity of the genetic change, as well as the composi-
tional data of the GM food and the 90-day toxicity study on
the GM food with and without the spiked material, before the
hazard characterisation is concluded. By using the prior data
regarding the toxicity of the novel gene product and by spik-
ing the new gene product to the GM food, the 90-day study in
SAFOTEST is able to separate unintended safety aspects of
the new gene product produced inherently in the GM food from
unintended safety aspects derived from the regeneration of
the GM plant after the genetic transformation. The biological
detection of the unintended nutritional disturbances is refined
through compound-directed modifications of the purified diet
for the GM groups, so their feed becomes nutritionally equiv-
alent with the feed of the parental group with respect to pre-
viously identified differences (Poulsen et al., 2007a).
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Weinterpret the scientific findings of the SAFOTEST project,
with the focus on the 90-day PHA-E study, to be strong
enough to conclude that:
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New methodologies for assessing
the potential of unintended effects
in genetically modified food crops

Background and objectives

The introduction of crops produced by genetic engineering
methods (GM crops) onto the marketplace were regulated
under the Novel Foods Regulation (EC 258/97) which requires
a thorough pre-market safety assessment. The assessment
process pays particular attention to potential adverse effects
that might compromise human and animal health and envi-
ronmental biosafety. This is not a requirement for the intro-
duction of novel seed varieties bred by conventional breeding,
although unintended effects, i.e. effects which go beyond that
of the original modification and which might impact prima-
rily on health, may indeed be present in these traditional crops.

The safety of conventionally bred crops is based on a history
of safe use. However some extremely rare cases have been
reported where unintended effects (DNA rearrangements)
have givenrise to safety concerns. These were only identified
once the crop was already on the market. Characterisation of
GM crops is a legal requirement, however. As a result GM
crops are better characterised than ever before in the case of
conventionally bred crops, including knowledge on the site
and nature of the genetic modification.

Approach and methodology

GM crop safety characterisation currently includes animal
feeding trials with the whole food and/or compositional
analysis of pre-selected nutrients and known toxins, and
a comparison is made relative to the composition of conven-
tional crops (targeted analysis). This approach involves the
concept of substantial equivalence. Criticisms of this current
‘single-analyte” and ‘whole food’ test strategy are that they
are open to bias and will pick up unintended effects only by
chance or if anticipated. Related to this, there are gaps such
as the availability of: (i) sufficient knowledge of plant biology
and metabolic pathway integration and interconnectivity,
(ii) a comparator with a similar genetic background, and
(iii) ‘miracle’ compounds to describe the complexity (meta-
bolic networks) of crop plants.
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The hypothesis has therefore been formulated that profiling
techniques, based on the innovations within the genomics
area, may assist in addressing these potential limitations. The
new methods envisaged might be necessary for future GMOs,
in which the modifications will be far more complex, and for
which the current methodology sets boundaries to the safety
testing. But the overall aim focuses on demonstrating that
the GM crop is as safe as its traditional counterpart, where
one exists, and as such does not introduce any additional or
new risks to the health of man and animal. In addition, this
scientific challenge provides great advantages for all types of
breeding programmes, independent of whether they have
their roots in traditional, gene-biotech or organic farming.

To that end, the potential value of applying ‘profiling’ or ‘omics’
tools as so-called non-targeted, unbiased screening
approaches, in order to detect unintended effects due to the
insertional mutagenesis process, has been researched. These
technologies include metabolomics (parallel analysis of
a range of primary and secondary metabolites), proteomics
(analysis of polypeptide complement), and transcriptomics
(parallel analysis of gene expression). The findings relating to
the ‘omics’ procedures have been compared to results obtained
by the conventional ‘targeted” analytical approach. This holis-
tic, enlarged comparison shapes the basis on which to focus
further toxicological testing, if required.

The work has concentrated on a range of more than 135 (pre-
market) GM lines in self contained experiments, such as
greenhouse, Tygan netting and polytunnel trials with, for
example, transgenic potato lines modified in their starch
composition, (defective) glycoprotein processing, polyamine-,
sugar-, glycoalkaloid- or lysine and threonine amino acid-
metabolism; transgenic tomato lines with elevated phytoster-
ols and/or isoprenoids (carotenoid) content and, transgenic
Arabidopsis lines impaired in flavonoid contents. Some lines
were evidently phenotypically different (e.g. Mall, SamPAT
(over expression) in potato). The crops were continuously
characterised on sizes of T-DNA, vector backbone integra-
tion, copy number and expression levels. Morphological phe-
notype (i.e. growth, plant architecture, number, shape and
colour of leaves, flowers and tubers, precocity) has been
checked and compared to observations from previous cul-
tures. Crops were grown in quantities to enable inter and intra
plant variation to be assessed.

159

Partners

Arjen LOMMEN
RIKILT-Institute of Food
Safety, Wageningen (NL)

Howard DAVIES

SCRI, Cellular &
Environmental Physiology,
Dundee (UK)

Peter BRAMLEY
University of London, Royal
Holloway and Bedford New
College, School of Biological
Sciences (UK)

Geert ANGENON

Free University of
Brussels-VUB (BE)

Jan PEDERSEN

Institute of Food Safety and
Toxicology. Danish Veterinary
and Food Administration
(VFA), Aarhus (DK)

Friedrich ALTMANN
University of Renewable
Resources and Applied Life
Sciences (BOKU), Institut
fiir Chemie Vienna (AT)

JTan COLQUHOUN

Institute of Food Research,
Food Quality and Materials
Service Division, Norwich (UK)
Jean-Jacques LEGUAY
Départment d Ecophysiologie
Végétale et de Microbiologie,
Cadarache (FR)

Sirpa KARENLAMPI
Institute of Applied
Biotechnology,

University of Kuopio (FI)
Jean-Michel WAL

Lab Ass INRA-CEA
d’Immuno-Allergie
Alimentaire, Service

de Pharmacologie et
d’Immunologie,
Jouy-en-Josas (FR)



160

Main findings and outcome

The results of the targeted chemical analysis did not reveal
any unexpected, significant unintended effects associated
with specific constructs (traits). Similarly, when individual
lines were examined, it was clear that significant deviations
from wild-type control values also occur with vector-only
transformed controls (no target gene) and also with lines that
have been developed using only tissue culture regeneration.
This raises the possibility that somaclonal variation (known
to occur significantly in, for instance, potato depending on
genotype) also introduces significant deviations from the wild-
type metabolite levels on a line-by-line, case-by-case basis.

Profiling or fingerprinting techniques such as genomics (e.g.
potato microarray, highly enriched for stress-related genes;
and a tomato array with genes from different stages of
development) and metabolomics provide a ‘global” overview
of gene expression and chemical composition within the
crops, be they GM or non-GM. On the other hand 2D-SDS-
PAGE proteomics, including a screening for specific IgE
determinants and analysis of N-glycans present in protein
spots (glycomics), offer a means of revealing differences in
protein profiles. This detection of changes in proteins also
improves the ability to do a proper risk assessment by
(i) indicating changes in allergenic and/or toxic proteins, and
(ii) suggesting changes in the pattern of some metabolites
that would not be revealed otherwise. However results also
suggest that environmental conditions and genetic differences
have a large impact on the expression of many proteins, and
this may account for a lot of variation observed in plants
grown in field conditions. Moreover, identification of proteins
from, for instance, potato and tomato is currently hampered
by the limited availability of sequence data and the
performance of mass spectrometric structural confirmation.
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There were no observations of deleterious effects on the phys-
iology of the GM tomato plants, which were modified in their
carotenoid biosynthesis, in which the carotenoid (phyto-
sterol) profiles were significantly changed. But the metabo-
lomics techniques demonstrated that the pleiotropic
metabolic engineering of biochemical pathways reveals
unknown metabolic linkages (i.e. significant differences from
wild-type tomato controls) in GM tomato lines modified in
carotenoids, tocopherols (vitamin E), flavonoids or phytoster-
ols, which may be exploited in the design of engineering
experimentation or conventional breeding for quality traits.
In addition, the degree of phenotype exhibited can change
from one progeny to another.

Enormous quantities of data could be generated from these
holistic methodologies. However subsequent interpretation of
the data is at present rate limiting. For example, microarray
analyses of various Arabidopsis GM lines, down-regulated in
their flavonoid pathway, indicate genes that are differentially
expressed, but which are all identified as stress-induced genes
that vary tremendously, even when the plants are grown under
almost the same conditions. This finding shows that not all
genes may be of any value for a comparative safety analysis. It
also indicates that much more knowledge about the natural
variation of individual genes is needed before any conclusion
can be reached in the context of health impacts. Moreover,
anatural genotypic variation exists in metabolite levels, such
as are found between the fatty acid profiles of the variety
Desirée and Record. The capacity to differentiate risk associ-
ated with specific transgenic events must therefore depend
upon a detailed knowledge (database) of natural variation in
the genes, proteins and metabolites measured, probably also
under a range of (standardised) environmental conditions.

Ideally, only those parameters which fall outside the range of
natural variation will be considered further in a safety assess-
ment. However, there is a lack of information on the natural
variation within and between given plant cultivars for all the
parameters that can be measured now or in the future.
Further research is required to validate the profiling meth-
odologies developed.
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Conclusions

The basics are in place for yielding novel tools that are of
a generic nature and, therefore, may prove to be valuable for
conventional or organic breeding as well. For the time being,
the safety assessment of GM crops should focus primarily on
the intended novel traits - target gene(s) and product(s).
Unintended effects occur in both GM and non-GM crops,
however GM crops are better characterised. Possibly the two
should be treated in the same way in safety assessments, bear-
ingin mind that these assessments are not required for non-
GM crops. Application of a targeted approach still has great
value and has resulted in a healthy and relatively safe food
and feed package. As regards the stage of maturity of the
‘omics’ techniques like DNA microarrays, these should still
be the leading principle when assessing GM-bred crops.

Although the profiling techniques studied should not yet be
an official requirement, their application for instance to GM
tomato lines has demonstrated that:

« the perturbation of one component of a biochemical
pathway can have effects on the balance of metabolites
throughout the pathway;

- perturbations to a specific biochemical pathway can
result in unexpected effects on related and unrelated
pathways;

- the transformation process can result in unintended
effects that appear to be inheritable;

- the expression of a latent non-functional protein can
result in unintended effects;

- itisimportant to perform experimentation on stable
homozygous varieties with appropriate azygous con-
trols, as in stable homozygous lines the number of
transgene inserts appears to have little effect in contrib-
uting to unintended effects.

The novel techniques aim to be unbiased with regard to the
choice of analytes to be profiled, whether they are genes, pro-
teins or metabolites. On one hand, these methodologies are
still in their infancy, but are rapidly developing. On the other
hand, they are not validated and are yet (and may never be)
comprehensive. All current profiling approaches are based
on comparison of GM materials with selected controls in self-
contained experiments. The data generated have a great
potential to increase our knowledge of plant physiology and
metabolic networks, and will improve the targeted analyses
by discovering additional key components. In the case of new
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GM plant lines with no appropriate comparator or history of
(safe) use, application of the new profiling techniques is of
great value for characterisation of their biochemical compo-
sition and functions.

Above all, bioinformatic tools need to be developed to extract
relevant information from the raw data sets. The development
of publicly available databases of crop composition and pro-
files is an absolute requirement, in order to determine the
natural variation of compounds within and between given
plant species. As information is gathered, a benchmark
(expanding) with which to compare new crops could be envis-
aged. These databases would also greatly enhance the robust-
ness of targeted analyses.

Finally the new methodology, based on advanced ‘cell factory
or omics’ technology and used in this project, contributed to
the development of the 6th Framework Programme research-
project SAFE FOODS, where a larger combination of comple-
mentary expertise and resources has been established EU-wide.
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Expression profiles as fingerprints
for the safety evaluation of new
strains, including GMOs used

in bioprocessed food

Background and objectives

Lactic acid bacteria are widely used for the production of fer-
mented food, for example cheese, sausage and wine. Fermented
food producers are continuously in search of new strains to
maintain or improve the quality of their products. Table 1
presents potential sources of new strains and their main fea-
tures. A series of research projects have been undertaken to
decipher genetic traits important for food quality and proc-
esses. These findings could improve the quality of products,
including taste, texture, conservation and possibly, in the
future, nutritional value and health effect. However, these appli-
cations are not developed in the EU, due to the suspicions that

consumers harbour about genetically modified organisms.

Acceptability
Source Genetic characteristics in food

Isolated from a food Defined as belonging Accepted without
product or an to already used food further assessment
environmental source. species. Gene content other than their
Unknown history typically varies 5-25% association with an
until isolation. between individuals already used species

of the same species.

in foodmaking.

Selected in R&D Genetic content Accepted without
laboratories from modified in an uncon-  further assessment
strains already used  trolled manner (eg since considered
in food processes. chemical mutagenesis). substantially
Most often this implies  equivalent to bacteria
punctual mutations, already used in food
deletions and eventually processes.
extensive chromosomal
rearrangements.
Constructedin R&D  Genetic content Varying status
laboratories from modified in a defined depending on country:
strains already used ~ way, but not containing - US: substantially
in food processes, DNA originating from equivalent to
with molecular different species. bacteria already
biology techniques used in food
that may involve steps processes;

realised in different
bacteria and the
transient use of

EU: evaluated as
genetically modified
strains and labelled

genetic information. as such.

As ‘constructed Genetic content Evaluated by specific
variant’, but with modified in a defined procedure. Labelled as
the introduction of way, and containing genetically modified
DNA from different DNA originating from (in EU) or bio-engi-
organisms. different species. neered strains (US).

Table 1.

Source and properties of microorganisms used in the fermented food industries.
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GMO raises various safety issues, such as dissemination of
new genes in the environment, possible impact of these genes
on consumer health (for example by potentially increasing
allergenicity), and possibly still unknown issues due to the
novelty of the technique. It was for example claimed that no
test could really ensure the safety of GMOs, because of the
complexity of living organisms, hampering any reliable pre-
diction. This issue is linked to the possible deregulation of
metabolism and gene expression, following the introduction
of new genes. The present work deals with this issue.

Approach and methodology

Inrecent years, considerable progress has been made in high-
throughput technology, allowing global measures of gene
expression in the cell, for example by proteomic and tran-
scriptomic approaches. Moreover, the information systems
now available for work on living organisms permit the exploi-
tation of the increasing amount of data produced by high-
throughput technology and, more widely, by the whole
scientific community. In this context, microorganisms are
organisms of choice for the development of models, because
of their simplicity when compared with higher-order organ-
isms such as plants and animals. . lactis, a food-borne micro-
organism widely used in the dairy industry was chosen as the
model for this programme. The evaluation test set up during
this work used high-throughput technologies to develop
a methodology applicable to the resolution of safety issues
that might result from the deregulation of the organism by
the introduction of a new gene as illustrated in Fig 1.

More generally, the objective of the Express-Fingerprint con-
sortium is to provide the EU community with a novel tool for
the safety evaluation of new starter strains, including new
natural strains and derivatives of known strains obtained by
classical methods or biotechnology techniques (often named
GMOs). In this respect, the consortium developed:

- expression profiles (proteome and transcriptome) of
different strains of Lactococcus lactis, including natural
strains and derivatives thereof constructed by genetic or
classical technology;

- aset of bioinformatics tools to compare globally the
results and assess their substantial equivalence or not;

- abiological expertise on the potential effects of genetic
modification, especially on effects that were unexpected
from preexisting models;

- afirst proposal for a risk assessment tool based on
expression patterns.
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Fig 1.
Evaluation test set-up.
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Main findings and outcome

Natural strains and modified bacteria evaluated

in the programme:

A collection of 30 different L. lactis natural strains have been
constituted from strains coming from different products and
countries. None of these strains has a similar pattern in pulse
field gel electrophoresis, suggesting that the strains collected
present a wide genetic diversity. Among the natural strains
were derivatives of the L. lactis 11594 strain (isolated in Comté
cheese in 1955) that lost some of its seven natural plasmids.
These plasmids were also sequenced for a better characteri-
sation of their genetic content, since plasmids are often nat-
urally transmitted between bacteria living in the same
environment (including strains from the same and other bac-
terial species). From some points of view, their introduction
could be considered as a natural way to produce genetically
different bacteria.

Moreover, three types of modified strains have been
constructed:

The first set of strains comprises derivatives of an industrial
L. lactis subsp. diacetylactis strain producing an aroma that
contributes to the taste of fresh fermented milk products,
such as buttermilk, fermented cream and cottage cheeses.
Variants of this strain inactivated for the aldB gene and
encoding alpha-acetolactate decarboxylase, were developed.
The modified strains produce more diacetyl, allowing the pro-
duction of a buttermilk with a more pronounced flavour.

The second set of strains comprises phage-resistant mutants.
The GMO was constructed by inserting four extra bases in the
gene encoding the phage infection protein (pip). These strains
are less sensitive to phage attack than their parent, and thus
ensure more reliable processes and product quality.

The third set of strains contains a tRNA-based food-grade
cloning system. The basis of this system is the restoration of
a pyrimidine biosynthesis potential in strains modified by
the introduction of an amber stop codon in the chromosomal
py7F gene by gene technology. PyrF synthesis is restored by
the expression of a modified tRNA gene, supD, that can thus
be used as a selectable marker. Successful expressions of dif-
ferent genes carried by a supD-containing vector were
obtained. The system was initially designed for stably main-
tained plasmids in cell production in milk, since this medium
does not contain pyrimidine.
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Two types of techniques were used to build these strains:

- chemical mutagenesis, which is a classical technique,
not falling under the EU legislation on deliberate release
of GMOs or GM food/feed, thus not requiring a in-depth
assessment; and

- GM techniques (as defined by EU legislation: ‘organisms
in which the genetic material has been altered in a way
that does not occur naturally by mating or natural
recombination”). These strains, if used for production
will lead to specific ‘GMO labeling’ because foreign DNA
has been introduced in one stage of the construction.

Detailed phenotypic and genetic comparison of GMOs, chemi-
cal mutants and their respective parent strains were carried out,
including the sequencing of the mutations in the target genes.

Expression profiles have been performed by proteome and
transcriptome analysis. For this purpose, standardised con-
ditions of experimentation were set up by the partners to
obtain comparable data in all laboratories. In order to develop
a concept of proof, most experiments were carried out from
cells grown in a chemically defined medium. However, a pro-
cedure has been develop to measure expression profiles from
cells grown in milk, the natural medium for food fermenta-
tion of L. lactis.

DNA microarrays containing more than 2 000 PCR probes
corresponding to annotated L. lactis IL1403 genes have been
designed and DNA microarrays produced with the same set
of amplicons are now commercially available. Software has
been developed to allow (i) data mining and (ii) high-speed
processing of the extensive data obtained from expression
profiles and parallel comparison of transcription and statis-
tical analysis of data.

Comparison of traditional and GM technologies

to produce variants:

An important focus of the work was to further define the
effects of genetic modifications on overall gene expression,
and to assess whether the means used to obtain strains has
an impact on their future behaviour. Proteome and transcrip-
tome profiles were performed on the three sets of strains
described above.
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The results of our work show that:

- the extent of modification of the proteomic and tran-
scriptomic profiles is always equal or more important in
‘classical mutants’ than in their GM counterparts. This
result strongly suggests that the way modification has
been produced may influence the transcription pattern,
and that molecular biology techniques are producing
less side-effects than classically used techniques;

- mutations generated by either technique do not system-
atically produce perturbation in the expression of the
other genes of the cell. In particular, no significant
changes were observed in the expression patterns of
aldB and pip mutants. In such cases, it might be pro-
posed that the modified strains obtained by either
technique are substantially equivalent, although the EU
legislation does not allow the application of this concept
for strains obtained by molecular techniques;

- modification of gene expression following genetic
changes could often be simply explained by good biolog-
ical expertise. This is the case for (a) one of the two
chemical mutants for which iron metabolism was
modified, and (b) pyrF strains containing only one copy
of the supD non-sense supressor or which the expression
system was not fully restored.

Taken together, these data support the idea that molecular
biology techniques are valuable tools for obtaining simple var-
iants of natural strains and do not pose a risk when compared
with classical methodologies.

Assessment of natural gene exchange effect

on expression profiles:

The expression profiles of the natural strain IL594 were com-
pared to those of its plasmid-devoid derivative IL1403. Among
plasmid genes, we characterised genes potentially inherited
from horizontal gene transfer from bacteria living in the same
ecological niche, such as Lactobacilli and Enterococci.
Expression profiles showed that half of the 151 plasmidic
genes were expressed in the IL594. Moreover, a significant
number of chromosomal genes where found repressed or
induced, such as genes involved in sugar metabolism, amino
acid catabolism, and prophages. These results show that the
introduction of genes by natural means could significantly
change the expression of cellular genes, and thus cell
metabolism.
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Natural diversity of expression profiles:

The last focus was on the comparison of gene expression var-
iability in natural strains used in food, compared to that
obtained by genetic modifications. Proteomic and transcrip-
tomic profiles of 12 natural strains were compared among
themselves and then with the profiles of the variants previ-
ously studied. The results of this work showed that profiles
in natural strains differ substantially from one another and
that, in most cases, biological expertise could not provide sim-
ple explanations of the observed differences. These data were
further analysed to expertise the level of equivalence of vari-
ants obtained by different technologies and natural strains.
This showed that, irrespective of the techniques used for their
construction, profiles of variants are much closer to that of
their respective mother strain than they are to any other nat-
ural strain or than most natural strains are to each other.

Conclusions

In this work, we have developed a concept of proof for risk
assessment of new strains, with L. lactis as a model. This tool
is based on the measure of expression changes induced by
genetic modifications produced by any means in a set of
strains. It generates lists of genes whose expression is modi-
fied and links genes to the knowledge database. This allows
linking genetic changes to cell function that may be per-
turbed and thus directing expertise for further safety assess-
ment if necessary. Similar procedures could be set up on any
microorganism whose sequence is known. The scientific
results obtained on real case studies strongly suggest that
gene modifications performed by molecular biology tend to
produce less unexpected events than classical methods. In
thisrespect, EU legislation that emphasise the way organisms
have been constructed in order to classify them as GMO may
appear scientifically not relevant and potentially misleading
for consumer choice.
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Development of a capacitance-based
immunodetection analyser for
the assay of GMOs in foods

Background and objectives

The intensive public debate on the application of genetic engi-
neering to the production of food has led to a high degree of
controversy, both among consumers and within industry.
There are two methods in general commercial use today for
detecting GMOs in field crops. One method involves the
detection of proteins that have been produced through bio-
technology in the crop; the other is based on the detection of
DNA sequences inserted in the crop. ELISA and Lateral Flow
Strip methods are used for protein assay and PCR (Polymerase
Chain Reaction) and Southern Blot for DNA.

The aim of this project was to develop a generic capacitance-
based immunodetection analyser for GMO-related proteins.
CP4 EPSPS (CP4-synthase) and Cryl(A)b-protein were
employed as relevant model targets, corresponding to Roundup
Ready (RR)-Soy” and ‘Bt-Maize’ GMOs respectively. To achieve
the overall objective, the production of monoclonal antibodies
(MAbs) specific to the target proteins, the design and fabrica-
tion of a portable analyser able to monitor interactions between
biomolecules, and the development of different impedimetric
electrode architectures were conducted in parallel.

Considering problems associated with the detection of the
target proteins in highly processed foods (e.g. extensive
changes in conformation to the antigens), the development
of antibodies for characteristic peptide sequences — as well
the development of an analyser based on Quartz Crystal
Microbalance (QCM) capable of monitoring the hybridisation
between nucleic acids’ complementary strands - were also
decided on during the early meetings of the project. In addi-
tion, studies on PCR-based methods and the use of new prim-
ers were included in the objectives of the project.

Approach and methodology

To achieve these objectives, development concentrated on dif-
ferent types of capacitive immunosensors based on metal/
metal oxide electrodes, on mixed self-assembled monolayers
onto gold electrodes and on antibody/amphiphile Langmuir
-Blodgett films deposited onto hydrophobic surface of 1-octa-
decanethiol (ODT) modified silver electrodes. The develop-
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ment of MAbs specific to the target proteins was attempted
by following different immunisation strategies:

- antigens were extracted and purified from crude plant
material containing CP4 EPSPS and CrylAb antigens,
by applying consecutive purification schemes consisting
of ion exchange and size exclusion chromatography;

- specific peptides, which describe different families of
Cry-toxins and CP4-synthase were synthesised and
coupled to neutravidin as an immunogenic carrier protein;

- in addition the synthesis of recombinant antibodies
against GMO peptides was pursued. The rational behind
this last approach was the availability of single-pot
libraries and that no immunisation procedures were
required, which essentially saved time.

The design, construction and optimisation of a stand-alone,
low-cost electronic device able to monitor interactions
between biomolecules that may change the capacitance of an
electrode was also carried out. Particular attention was paid
to reducing or eliminating the constant (dc) component of
non-capacitive current flowing through the cell, which is
observed in electrodes characterised by a dielectric layer of
relatively low resistance.

For the development of a QCM-based method for probing
DNA interaction, a commercial QCM analyser, p-Libra, was
employed and the method set up was performed using the
CrylA(b) gene. Using the Bt-176 DNA sequence as template,
a 200-bp fragment of the CrylA(b) gene was amplified and
purified. The yield of the PCR fragment was further cloned
using the pGEM*-T Easy Vector System. After the vector
digestion (EcoRI) and fragment purification, the Cry 1A (b)
gene was labelled with biotin, and used as a probe to func-
tionalise the quartz surface.

Main findings and outcome

The resultant capacitive immunosensors were tested with
pilot antibodies, showing sensitivity with alimit of detection
of ng/mL of the pilot antigen. To reduce the cost per sensor
and in order to create a geometry suitable for in-field meas-
urements in combination with the palm-sized analyser, the
so-called Multipulser, inter-digitised screen-printed gold
electrodes arrays were designed and fabricated.

The applicability of the sensors to GMO-specific proteins was
restricted to the low affinity of the antibodies, which had so
far been produced.
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Fig 1.
Calibration curve for the QCM-
based DNA sensor.

e Blamm

Real-time hybridization between
biotinylated CrylA(b) fragment
and Transgenic Biscuit DNA.

The operation of the Multipulser is based on the repetitive
charging of the electrochemical cell capacitance by applying
a predetermined number of short-duration, low-amplitude
voltage pulses (perturbation pulses). All packets of charge are
accumulated in an analogue integrator whose output voltage
is proportional to the cell capacitance. The Multipulser
features three user-selectable operating modes, each of them
characterised by the shape of the applied perturbation pulses.
‘Mode 3’ seems particular interesting for electrodes
characterised by a dielectric layer of relatively low resistance,
as it effectively reduces or eliminates the contribution of this
dc current component to the measured signal. The Multipulser
was successfully used to monitor the binding of biotinylated
molecules on two different avidin-modified electrode
assemblies, one based on a thiol SAMs on gold and another
based on a Ti/TiO, semiconductor. Measurements conducted
in parallel with a commercial frequency response analyser
gave similar reaction patterns.

The analytical performance of the QCM-based DNA analyser
was evaluated using IRMM-413 certified reference materials.
Total DNA extracted from IRMM products of dried maize
powder with different mass fractions (from 0.1 % to 5%) of
genetically modified MON 810 maize flour have been analysed
by DNA-sensor. The resonance frequency shift versus the dif-
ferent % of GMO maize flour DNA is shown in Fig 1. The appli-
cability of the analyser in real samples was tested by
extracting total DNA from transgenic cookies (certified
genetically modified MON 810 maize flour (Fig 2.).

In the context of this project, a PCR-based method for GM soy
and maize was also developed and validated. For this purpose
a 35S primer set was designed, and the successive procedures
of sample extraction, preparation and analysis were vali-
dated. Validation experiments were performed in various
Certified Reference Materials and commercial samples.
Finally, commercial samples were screened for the presence
of GM Soya and GM Maize. Samples positive for the presence
of 35S were analysed by real time PCR (TagMan") for quanti-
fication of GM percentage.
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Conclusions

This project provided information on the development of
capacitive immunosensors, novel instrumentation for the
monitoring of interactions between biomolecules, and meth-
ods based on QCM and PCR for the detection of GMOs.
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Quantitative risk assessment
strategies for novel foods

Background and objectives

The overall objective of this project is to develop and validate
the scientific methodology necessary for the safety assess-
ment of novel foods in accordance with the EU Regulation
258/97 of 27 January 1997 concerning novel foods and novel
food ingredients, and to communicate the importance of the
approaches to key end-users, including consumers.

The purpose of any safety testing protocol is to enable a pre-
market assessment which provides assurance that the novel
food is safe to eat and nutritionally adequate at the antici-
pated level of consumption, in respect to its contents of toxic
substances and nutritionally important compounds. An
increasing number of novel foods, particularly the so-called
‘functional foods’, are generally marketed with claims of ben-
efits to consumers. The nature of such claims can be broad,
but the efficacy of such benefits needs to be determined.

This project addresses the scientific challenge of developing
state-of-the-art approaches to assessing the safety, nutri-
tional adequacy and efficacy of such novel foods in a compre-
hensive and interlinked set of studies.

The novel approaches deployed are tested on three model
examples which are either already on, or may be introduced
to, the market. The models selected are:

- genetically modified (GM) and conventionally bred
potato tubers with altered content and balance of
inherent toxicants (glycoalkaloids);

- aconventionally bred rice mutated line low in an anti-
nutritional constituent (phytic acid); and

- functional food ingredients of natural origin (phyto-
sterol and phytostanol esters).

The project summary will primarily focus on the GM potato
tubers with altered ratio of the glycoalkaloids solanine and
chaconine.

Approach and methodology

In order to undertake a quantitative probabilistic risk assess-
ment, the GM potatoes were developed, grown and bulked up
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in Scotland, while the pure solanine and chaconine were pur-
chased from commercial companies. Comparative genomic,
proteomic and metabolomic studies of the genetically modi-
fied and parental potato lines were performed by several con-
tractors. Compositional comparisons of the GM and non-GM
potatoes on the contents of proteins, fats, carbohydrates,
fibres, major vitamins and minerals, as well as analyses for
pesticide residues and accidental contaminants, were under-
taken as well.

In vitro toxicity studies of the potato glycoalkaloids and
genomic studies of samples from the in vitro and in vivo stud-
ies were designed to examine the feasibility of gene expres-
sion profiling (transcriptomics) and metabolite profiling
(metabolomics), together with i vitro cell culturing for the
hazard identification of glycoalkaloids and potato extracts
containing glycolalkaloids. For this purpose the human cell
lines Caco-2 and HepG2, derived from intestine and liver
respectively, were used.

For the animal studies, the hamster was chosen as the best
animal model for glycoalkaloid toxicity testing. A 28-day tox-
icity study was carried out with female Golden Syrian ham-
sters given up to 33.3 mg of total glycoalkaloid/kg body
weight in ratios of solanine and chaconine, which can be com-
pared to the ratios observed in a parental and a gene-modi-
fied potato respectively. A 90-day study was performed
feeding female Syrian Golden hamsters a purified diet con-
taining 20, 40 and 60 % of either the GM and non-GM potato.
To increase the sensitivity of the study, pure glycoalkaloids
were spiked to the diet of one group to a total of 33 mg glyco-
alkaloid/kg body weight/day.

Human exposure scenarios for potatoes and solanine/chaco-
nine were developed based upon probabilistic intake studies
using human consumption data. Intake estimates of solanine,
chaconine and total glycoalkaloids were performed using
consumption data collected within Italy and Ireland. Recipe
factors’ and ‘water loss factors  were used to express food con-
sumption data into Raw Agricultural Commodities. Recipe
factors were used to calculate the amounts of potatoes con-
sumed within mixed dishes, whereas the water loss factors
were used to reflect changes in food weights, due to moisture
gains and/or losses, during food preparation. Exposure to
solanine, chaconine and total glycoalkaloids was first
assessed by using a deterministic approach.
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The consumer perception of food-related risks and benefits
in general and in relation to the GM potato was examined.
The usefulness of the NOFORISK data for probabilistic assess-
ments of risk and benefits of the GM potato were also consid-
ered. Finally the overall results from the study were presented
for discussion at a stakeholder/expert workshop in order to
develop conclusions and recommendations from the work
performed.

Main findings and outcome

With regard to the GM potato, southern blot analyses dem-
onstrated the presence of two insertion events of the trans-
formation cassette into the genome of the transgenic potato
line. The detailed compositional analysis of the GM and
parentalline used in the animal studies showed relatively few
significant differences. The microarray data performed as
part of the in vivo studies with pure glycoalkaloids indicated
that these, particularly in the ratio present in the non-GM
potato, increase the expression of many genes involved in cho-
lesterol synthesis.The most prominent finding from the
microarray experiments was the up-regulation of many cho-
lesterol biosynthesis genes in Caco-2 cells. Thus cholesterol
biosynthesis genes may serve as potential early biomarkers
of glycoalkaloid toxicity.

In the 28-day hamster study, doses of up to 33 mg glycoalka-
loid/kg body weight, in the same ratio as present in the wild-
type potato, were more potently toxic than the ratio of the
GM potato. A significant increase in distension of stomach
and intestines, with a clearly dose-response, was determined
upon macroscopic examinations. Data from the 90-day study
in hamsters suggest that the GM potato is as safe as the non-
GM potato, when fed for 90 days mixed in a purified diet in
concentrations from 20-60 %. Various parameters showed dif-
ferences between animals fed 0 or 20 %, compared to animals
fed 40 or 60 % potato. These differences were the result of the
concentration of potato in the diet and not potato type or gly-
coalkaloid ratio.

The levels of consumption for different groups of ‘potato
based food products’ are reported for Italy and Ireland. In gen-
eral, exposure scenarios were found to be below the thresh-
old for human toxicity. Findings from the studies investigating
consumer attitudes towards novel foods showed that con-
sumers tended to see only a few well-defined risks and ben-
efits in the three novel food examples. Interestingly,
consumers were often much more concerned about issues
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outside the scope of current legislation. Moreover, expert par-
ticipants tended to define risk and benefit in terms of detailed
chains of cause-effect relationships between variables, for
which clear definitions and measurement rules exist. Such
a level of detail could not be found in the consumer data.

The consumer studies indicated furthermore that, compared
to other societal issues, novel foods are currently very low on
most consumers’ agendas. Of the three novel food technolo-
gies investigated in the survey, mutation breeding was evalu-
ated most negatively by consumers. Genetic modification was
evaluated slightly negatively, and food enrichment neutrally.
At the same time, consumers felt least certain about their atti-
tudes towards mutation breeding and considerably more cer-
tain about their attitudes towards genetic modification and
food enrichment, suggesting that subjective uncertainty
about a novel food technology may be seen by consumers as
arisk unto itself.

Conclusions

In general, NOFORISK was a very ambitious project both in
terms of concepts and methodologies, complexity and work
to be done in a short time. The work has however led to quite
a high number of peer-reviewed scientific publications and
doctoral theses. However it was not possible to fully address
safety, nutritional adequacy and/or health efficacy in a single
animal study and, secondly, to combine the outcomes of the
hazard/efficacy assessment and exposure assessment in an
overarching probabilistic derived quantitative risk/benefit
evaluation. The answers to these questions are still impor-
tant in a pre-market safety assessment and also of great
importance for consumer attitudes to the societal introduc-
tion of novel foods in the marketplace as can be seen from the
results of the consumer studies.
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Biomarkers for post-market
monitoring of short- and
long-term effects of genetically
modified organisms on
animal and human health

Background and objectives

The function of post-market monitoringis to evaluate poten-
tial nutritional and health effects of authorised GM foods on
mixed populations of human and animal consumers.
Currently, there is little known about predictability of adverse
effects following market release of GM foods. Our approach
is to identify biomarkers, which could be used to predict
harmful GMO effects after product authorisation. Of partic-
ular interestis the speculation by some stakeholders that the
increasing prevalence of allergic diseases in recent decades
might be related to the allergenic potential of new GM foods.
For this reason, the partners decided to focus on the allergic
potential of GMOs in their approach.

The objectives of the GMSAFOOD project are:

- toidentify and qualify biomarkers for an allergenic
prototype GMO for use as a tool for post-market moni-
toring of GMOs;

- torelate these biomarker profiles to developmental stages
including gestation, growth, maturation, and adult-life;

- to use biomarkers to identify the movement and effects
of GMOs in the food chain; and

- to establish biomarkers for GMO-induced immunogenic-
ity and allergenicity in animals and humans.

Approach and methodology

To achieve these objectives, the partners are using a prototype
allergenic a-amylase inhibitor (AAI) GM-pea (Pisum sativum
L.) that expresses the AAI gene normally found in the common
bean (Phaseolus vulgaris L. cv. Tendergreen). The inserted
o-amylase enzyme protects the peas from damage by the pea
weevil (Bruchus pisorum), which is one of the major pests of pea
crops. Importantly, this GMO differs from most commercial-
ised GM plants because the transgenic protein accumulates in
the seed at high concentrations. This new approach to GMO
production may result in the production of transgenic proteins
that are handled differentially in the digestive tract and by the
immune system of animals and humans. Many GM crops being



currently developed with pharmacological biologicals, such as
immunoglobulin, are using this type of methodology and little
is known about their safety. An authorised GMO, namely
Bt corn, will also be tested in this project.

The project aims to extrapolate biomarkers that correlate
potential GMO effects during gestation, growth, and matu-
ration in various animal models with those of humans. It is
studying GMO-fed pigs, salmon, rats, and mice during criti-
cal states in the lifecycle, in addition to the indirect effects of
GM feeding in the food chain by comparing rats fed with
GMOs to rats fed with fish and pork that were fed GMO. To
extrapolate the data to humans, the partners have established
acomparative database with antigenic epitopes and antibody
crossreactivity in legume allergic patients and human-mouse
chimera, in which a human immune system is transplanted
into amouse lacking an immune system. These experiments
will yield data on general health with a specific focus on
allergy and immunology and will establish the basis for an
approach for post-market monitoring for authorised GMOs.
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Bt-corn and alpha amylase
inhibitor peas will be fed to
salmon, pigs, mice, rats and
human-mouse chimera

in addition to experiments to
assess effects in the food chain and
during reproduction. Antigenic
epitopes will be determined and
all data will be collected for
biomodeling and biomarker
identification for post market
monitoring.
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Introduction

Europe has for a considerable length of time discussed crop
improvement based on GMO technology. The skepticism
towards this technology has been more pronounced in Europe
than in any other part of the world. Consumer acceptance of
putting GMO food on the dinner table has remained limited.
However, mainly two factors, namely green house gas emis-
sions, threatening our climate and near depletion of the easily
accessible oil reserves, have accentuated the need for more
environmentally benign and sustainable solutions, based on
biological products and processes, providing new input into
the discussions on biotechnology and GMOs in Europe.
Interestingly, the Danish Board on Technology documented,
through a Consensus Meeting approach, that the Danish peo-
ple remain unwilling to accept GMO plants for food, but were
however, more open to accept in the future GMO plants, pro-
viding for more sustainable and economic production of phar-
maceuticals and improved materials for industrial purposes.

The FP7 portfolio of projects within the field of Biomaterials and
emerging technologies constitutes a new chapter of European
research in emerging technologies applied in plant research. It
focuses on production of human therapeutics in plants and on
providing new plant materials, optimized for use as a basis for
more sustainable biological solutions, substituting fossil based
materials or providing alternatives for other scarce natural
resources. And importantly, in some instances the objective can
be met without designing a GMO plant construct!

The urgent need for improved crops for feeding and fuelling
the soon 9 billion people on earth along with increased molec-
ular understanding of plant biology has led to a new focus in
plant breeding: Can we use GMO as a research tool, applied
to produce new crops which are not GMOs but a result of nor-
mal breeding? The two projects, MEIOSYS and RECBREED
both build on using advanced molecular biology (e.g. studies
of homologue recombination and gene targeting — of both
somatic and meiotic cells) to generate diversity which can be
exploited in crop improvement. This could serve to acceler-
ate traditional plant breeding processes, where the end result
is not a GMO, as no foreign DNA was inserted.

Lene LANGE

Professor and
Dean of Research

Aalborg University
Denmark
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The FP7 project on production of new drugs in plant systems
have focused on the large group of plant metabolites, the
terpenoids. TERPMED has the objective of solving the three
most important obstacles for development and upscaling of
plant terpenoids for human health: poor availability of the plant
material holding the terpenoids in demand; too low
concentration of the compounds in the plant materials; and
inherent difficulties in obtaining pure compounds from the
plant materials. They focus in this work on two types, sesqui-
terpenes and phenolic diterpenes (both groups with high
biological activity). The objective is to improve the production
technologies and also making new discoveries for future
evaluation as novel drugs for human health. The project
SMART CELL focuses on terpenoids for both cancer and
malaria and has the objective of developing new upscaled
amounts of the terpenoids by production in cell and tissue
cultures of periwinkle and in new traits of GMO tobacco plants.

The project PLAPROVA has the objective of improving the
heterologue protein expression in plants. More specifically
they want to refine the transient expression technologies,
enabling cloning and expression of milligram amounts of
novel compounds within only 2-3 weeks. Such technology
would facilitate screening and characterization of series of
novel, hitherto not evaluated products. The compounds in
focus are proteins forming polypeptides complexes/virus like
particles, possibly opening for new lead vaccine candidates.

The FP7 portfolio of new plant materials for industrial use
spans from bioenergy over substitutes for classical rubber to
new production systems for wax esters. RENEWALL has the
objective of identifying traits which give plant cell walls with
increased digestability and hereby optimized saccharifica-
tion levels and therefore also increased biofuel potentials.
ENERGYPOPLAR aims at identifying improved easy to proc-
ess plant materials, with high level cellulose combined with
low level lignin. EnergyPoplar expands the focus to also
ensuring good agricultural robustness, and possibly suitable
for being grown on marginal land.
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The FP7 project EU PEARLS will transform naturally occur-
ring plants, which are not used in the food production, to be
able to act as starting material for production of rubber and
latex. The increased need for such materials, when fossil
based substitutes for rubber will have to be phased outis obvi-
ous. The rubber tree will be overexploited and access to the
amounts needed, will be severely restricted. The ICON project
is based on the hypothesis that known industrial oil crops
can be modified, through insertion of just two enzymes, to
produce wax esters instead of the normal triaglycerols. No
risk of spread to food crops is inherent.

As it appears, the FP7 portfolio of plant science projects
within the field of new materials for industrial and pharma-
ceutical use holds potentials for creating real value for soci-
ety: providing the basis for biological products and biological
processes, thereby contributing to delivering solutions to
important problems.

The portfolio builds not only on advanced plant science. It
constitutes a project portfolio where biologists work together
with engineers as well as medical doctors. Further, it builds
on close collaboration between plant scientists and microbiol-
ogists, using in parallel both plant (Arabidopsis) and fungal
(Sacharomyces cereviciae) model species. Further, and most
importantly, it clearly shows that genomics, metabolomics
and GMO technologies can be used as research tools where
the end product will not necessarily, and only if needed, be
a GMO. The main focus of the activities lies in applying the
most appropriate technology, which could solve the problem,
not on using technology per se. For the entire portfolio bioeth-
ics, safety and sustainability aspects have been taken into
account in an integrated manner, a prerequisite for being con-
sidered for funding. It also indicates that Europe is moving
into a new phase where more sustainable solutions to impor-
tant problems will have to come from plant materials.

FTECHNOI
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Fig 1.
The non-food oil crop Crambe
abyssinica will be used for the
production of added-value
industrial seed oils.
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Industrial crops producing
added-value oils for novel chemicals

Background and objectives

Replacing fossil oil with renewable resources is perhaps the
most urgent need and the most challenging task that human
society faces today. Cracking fossil hydrocarbons and build-
ing the desired chemicals with advanced organic chemistry
usually requires many times more energy than is contained
in the final product. Thus, using plant material in the chemi-
cal industry not only replaces the fossil material contained
in the final product but can also save substantial energy in
the processing.

Plant oils are of particular interest for the chemical industry
since their chemical structures are very similar to the fossil
oil. Plant oils show a great variation in their composition
between different plant species. Many of the oil qualities
found in wild species would be very attractive for the chemi-
calindustryifthey could be obtained at moderate cost in bulk
quantities and with a secure supply. Genetic engineering of
vegetable oil qualities in high-yielding oil crops could gener-
ate such products - and in a relatively short timeframe. The
ICON project aims at developing such added value oils in ded-
icated industrial oil crops. Thus the outcome of the project
will save energy, protect the environment and improve rural
economies. Since the GM technologies to be used in the
project are still met with great scepticism in Europe, the key-
words of communication strategies will be openness and
appreciation of public concerns.

Approach and methodology

ICON will redesign seeds to produce wax ester oils instead of
common triacylglycerol oils. The wax esters are much more
resistant to high temperatures and pressures than triacylg-
lycerols (commonly called triglycerides), making them suit-
able for lubrication applications where other natural oils
decompose. ICON will develop a range of different wax ester
qualities with different melting points and other features to
improve their uses as lubricants.
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In order to minimise the risk of inadvertent mixing with seeds
for food purposes, and to prevent genes for industrial oil quali-
ties from crossing into oil crops intended for food, the project
will not use any food crops in its activities. The partners will
use two non-food oil crops, Crambe abyssinica (Fig 1.) and
Brassica carinata as vehicles for industrial qualities. Neither of
these crops is used for human consumption due to the very
high percentage of erucic acid in the seed oil. They also do not
easily intercross with related Brassica food crops, such as can-
ola (rapeseed) or Brassica vegetables. The project will introduce
into these oil seeds, by genetic engineering, an enzyme named
FAR (Fatty Acid Reductase) that converts some of the fatty
acids to fatty alcohols (reaction A in Fig 2.). A second intro-
duced enzyme, named WS (Wax Synthase) will link the pro-
duced fatty alcohol to other fatty acids, producing wax esters
instead of triacylglycerols in the seeds (reaction B in Fig 2.).

FAR and WS enzymes occur in nearly all types of living organ-
isms, such as bacteria, fungi, plant and animals. They can have
widely different specificities, i.e. they handle different kinds
of fatty acids and fatty alcohols. By using genes for enzymes
with specificities for the kinds of fatty acid and fatty alcohol
required, while also altering the kinds of fatty acids produced
in the seeds, the partners will develop a wide range of func-
tionally different wax esters suited to various applications.
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Enhancing poplar traits
for energy applications

Background and objectives

With the world’s growing energy demand, liquid fuels derived
from lignocellulosic biomass offer an important alternative
to conventional fossil fuels. Biofuels, such as bioethanol, can
minimise energy import dependence, reduce greenhouse gas
emissions and assist agricultural development. Bioethanol
can be produced from cellulose, a sugar present in the cell
wall of woody plants. Trees, and in particular poplars
(Populus), are attractive ‘second generation’ bioethanol crops
that can grow with reduced costs on marginal soils unsuited
to food crops.

ENERGYPOPLAR aims to develop new poplar trees with both
desirable cell-wall traits and high biomass for use as an effi-
cient, renewable and sustainable source of lignocellulosic
feedstock for industrial production of bioethanol. To achieve
this goal, this project will:

- study the genetic mechanisms a) determining optimised
yield in Populus and b) controlling the synthesis of cell
wall polysaccharides and lignin to produce ‘high cellu-
lose/low lignin’ poplars for an improved saccharification
potential (the conversion of lignocellulosic biomass into
fermentable sugars is called saccharification);

- develop high throughput assays for lignocellulosic
quality and lignocellulose saccharification potential;

- establish a platform for rapid gene discovery and testing
to identify novel genes controlling traits of interest;

- create a delivery pipeline for improved poplar trees
carrying traits of interest and start the process of
commercialisation;

- setup tools for environmental sustainability assess-
ments of SRC Populus growing systems with respect to
soil microbial diversity, greenhouse gas mitigation,
water and other inputs relevant to a changing climate;

- actively promote transfer of technology and biological
materials for commercialisation to bioenergy compa-
nies, plant breeders, the European forest-based sector,
scientists, policymakers and consumers.
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Approach and methodology

The ENERGYPOPLAR project will establish field trials under
short rotation coppice culture (SRC) with existing transgenic
poplars that contain less lignin. SRC is a cultivation method
in which the trees are planted at high density to maximise
biomass production (~15000 trees /ha). Since lignin is the
main factor limiting saccharification, the partners have cho-
sen transgenic poplars with reduced lignin content. These
trees carry silenced or anti-sense down-regulated genes
involved in the lignin biosynthesis pathway, such as CAD,
COMT, CCR and CCoAOMT.

The project will also develop new transgenic poplars combin-
ing genes that improve yield with genes that reduce lignin.
An increase in biomass and modifications of lignin polymer
can be achieved independently, following single gene manip-
ulations in transgenic poplars. New transgenic lines are being
obtained by gene-stacking. The genes used are CAD, F5H,
4CL, CCR (lignin modification) and GS, CEL1, GA20-oxidase
(increased biomass).

Finally the project will identify novel genes involved in wood
formation in order to study their biological role by altering
their expression in transgenic poplar and to investigate their
potential for wood quality improvement.

Asresult, ENERGYPOPLAR will:

- improve understanding of cell wall assembly and
develop ‘low lignin/high cellulose’ trees with increased
nutrient-use efficiency;

- develop poplar as a SRC crop system suitable for large-
scale deployment in Europe in areas unlikely to be used
for food agricultural production;

- promote environmental sustainability of novel energy
plantations in Europe.
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Fig 1.
Periwinkle (Catharanthus roseus)
plant in culture.

Rational design of plant systems
for sustainable generation of
value-added industrial products

Background and objectives

SMARTCELL is a four-year large collaborative project that
aims to build on understanding of secondary metabolism in
plants and use this knowledge to create plants that produce
valuable molecules such as pharmaceuticals in a sustainable
manner. More than a quarter of all the active ingredients in
our current medicines originate from plants, and in many
cases they are still extracted from plant material because they
are too complex for chemical synthesis. Unfortunately, the
most useful ones tend to be synthesised in tiny amounts
among many similar molecules, so they are difficult and
expensive to isolate and purify from cultivated plants.

Approach and methodology

The SMARTCELL project will focus on one particular meta-
bolic pathway - the terpenoid pathway — which gives rise to a
wide range of useful molecules, including the anticancer drugs
paclitaxel, vinblastine and vincristine, and the antimalarial
drug artemisinin. By studying how the enzymes and corre-
sponding genes in the terpenoid pathway are controlled,
SmartCell aims to establish novel ways to engineer plant cells
and develop them into Green Factories producing specific val-
uable molecules. To achieve these aims, the project will
develop novel gene discovery, multigene transformation and
cloning methods and will transfer combinations of genes into
plants to equip them for the production of specific
terpenoids.

The engineering component of the project will be comple-
mented by an analytical component, which will use sophis-
ticated methods to evaluate the engineered plants and
determine which metabolites are produced. The project will
focus on two species: periwinkle and tobacco. Periwinkle
plants (Catharanthus roseus) already produce useful terpe-
noids such as vinblastine and vincristine, but at such low lev-
els that tonnes of biomass must be collected to isolate a single
gram of product. Here the aim will be to use cultured cells
and tissues (e.g. hairy roots, which grow indefinitely in cul-
ture) to increase the production of these valuable molecules
and develop large-scale cultures that meet the needs of indus-
trial manufacturing.
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Tobacco (Nicotiana tabacum) does not produce the same ter-
penoids as periwinkle, but the plant grows rapidly and pro-
duces large amounts of biomass in a short time, making it
useful for large-scale production. Here the aim is to introduce
genes that confer upon tobacco the ability to produce new
terpenoid molecules, and then exploit its prodigious growth
to make production economic and sustainable. Tobacco is
also very amenable to genetic transformation and grows well
anywhere in the world, makingit a highly versatile and trans-
ferrable platform.

Aswell as taking metabolic engineering in plants well beyond
the state of the art, SMARTCELL will also generate a com-
prehensive secondary metabolism knowledge-base which will
enhance the competitiveness of European R&D by generat-
ing a positive environment for the accumulation of new intel-
lectual property. SMARTCELL has also set aside project funds
to encourage dissemination and outreach activities in order
to promote the project and an interest in science generally.
The outreach activities include an open-access website
(http://www.smart-cell.org), and initiatives involving the
SAW Trust (http:// www.sawtrust.org), which promotes sci-
ence in schools by teaching children to appreciate science
through art and writing.

Fig 2.

Hairy root culture of tobacco.

Fig 3.
Chemical structure of anti-cancer
compound vincristine obtained
from periwinkle.
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Cereals and other plant crops have played a major role in meet-
ing mankind’s food demands for the last ten millennia. Today,
plants are at the heart of the European food industry with an
annual turnover of more than a trillion euro. Intensive breed-
ing has boosted plant yield, quality and resistance to stress,
but current predictions suggest that, with population growth
and climate change over the next 50 years, we will have to pro-
duce more food than was created over the last 10000 years. To
achieve this, we will need to adopt ever more novel approaches
to plant breeding, including developing crops matched to indi-
vidual world populations. One key to success may be more
effective exploitation of natural genetic diversity.

Meiosis, which underpins sexual reproduction in plants and
animals, is essential for the accurate transmission of chro-
mosomes from one generation to another. We believe devel-
opments in genomics, bioinformatics and systems modelling,
in conjunction with functional analyses, provide a prime
opportunity for a step-change in understanding how meiosis
is controlled in the model plant Arabidopsis and applying this
knowledge to crop species.

The MEIOSYS project is the first fully integrated combina-
torial approach to the analysis of the genes/proteins that
underpin plant meiosis. Bringing together nine European
participants, itaims to enable crop improvement programmes,
domestication of new crops and industrial innovation by
developing — without genetic modification - the most
advanced strategy yet to accelerate traditional breeding.
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Approach and methodology

MEIOSYS intends to build a comprehensive, predictive model
of the gene/protein networks responsible for the controlled
distribution ofhomologous recombination events during mei-
osis in the model plant Arabidopsis thaliana. This data will
form the bedrock for manipulating genetic crossover (CO)
frequency and distribution in barley and brassica — two of the
most important crop species in the EU.

Using an integrated approach based on the complementary
expertise of the consortium members, we aim to elucidate
the gene/protein networks that underpin meiotic recombina-
tion and its control through a combination of systems biol-
ogy and genomic approaches. Our scientists will determine
the functional role of novel meiotic proteins and their inter-
actions with the components of the recombination machin-
ery. The project will investigate the pattern of recombination
hotspot distribution and establish its inter-relationship with
chromosome organisation to achieve a comprehensive, sys-
tems-level model of the gene/protein network controlling the
frequency and distribution of meiotic crossovers in plants.
Members will validate predictions arising from the network
modelling in Arabidopsis in the important EU crops of barley
and brassica. Crop lines showing modified recombination will
then be generated.

The MEIOSYS project intends to deliver the technology nec-
essary to provide an efficient system for modulatiing recom-
bination in crop plants. The benefits of this will include
increasing the competitive edge for crop breeders and
European research, while generating and disseminating
higher scientific understanding of meiotic recombination.
Providing a sound basis for future research in this arena, the
project will also produce significant technological, social and
environmental benefits.

Fig 2.
The MEIOSYS project holds promise for increased
future production of the EU crop of barley.
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Recombination: an old and
new tool for plant breeding

Background and objectives

Plant breeding has always relied on homologous recombina-
tion (HR) for generating the genetic variation needed to
develop new varieties. The objective of the current proposal
is to improve plant breeding by enhancing HR rates in somatic
and in meiotic cells. The expected outcomes of such enhance-
ment are to establish an efficient gene targeting (GT) tech-
nology for precise engineering of plant genomes and to
increase the rate of meiotic recombination between homolo-
gous or homeologous chromosomes.

Approach and methodology

There are many factors of the HR machinery that are com-
mon to somatic and meiotic cells. This enables both objec-
tives to be addressed in a synergistic way. HR can be divided
into different steps: the initiation, by double-strand breaks
(DSBs), followed by chromatin remodelling, invasion of the
homologous sequence and the resolution of the recombina-
tion intermediates. Each of these stages contains a bottleneck
of HR that we will address here.



Work Package (WP) 1 will aim at enhancing GT and meiotic
HR through targeted DSB induction. DSBs will be induced by
zinc-finger nucleases that can be custom-designed for target
sequences anywhere in the genome.

In WP 2, we will test the influence of HR factors involved in
homologue invasion or modulating chromatin structure on
GT and meiotic HR. This includes RAD51 homologues, genes
that affect cytosine methylation, chromatin structure and
mismatch repair, which influences recombination between
divergent sequences.

In WP 3 we will concentrate on factors involved in crossover
promotion and resolvases such as Mus81, Xpf/Erccl and
Xrcc3-Rad51C homologues.

In WP 4 the combined effect of bottlenecks removal as found
in the first three WPs will be studied. Most experiments will
be performed with the Arabidopsis plant model and imple-
mented by the industry partners into crops such as tomato
and corn to guarantee quick applicability for breeding.

A meiotic recombination assay in Arabidopsis

Tester and parental types are red and green
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Meiotic testers were developed to
determine the rate of crossover in
Arabidopsis WT and mutants. GFP
and RFP expressed under strong
seed promoters were transformed
into the Arabidopsis genome and
mapped. Testers were prepared
containing both GFP and RFP linked
in cis. In crosses with these testers,
progeny can be of the parental type,
i.e. seeds fluoresce in both red and
green (1&g on right panel), or do not
Sfluoresce (n) or are of recombinant
types, i.e. seeds that fluoresce only
in red (r) or only in green (g).
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Fig 1.

Major steps of terpenoid biosyn-
thesis. Knowledge is relatively poor
on steps downstream of terpene
synthases.

Plant terpenoids for human health:
a chemical and genomic approach
to identify and produce bioactive
compounds

Background and objectives

Plant secondary metabolites are the source of a large number
of biologically active compounds, in fact many of the therapeu-
tic drugs used today are derived from plants or developed from
a plant lead compound. The TERPMED project is devoted to
plant terpenoids, which are the largest and chemically most
diverse group of plant natural products with over 25 000 com-
pounds identified so far (Fig 1.). This huge chemical diversity is
however hardly exploited for the development of new drugs due
to several reasons such as poor availability of the source plant
material, too low concentrations in the plant material, and dif-
ficulties in isolating pure compounds. This project is aimed at
providing solutions to overcome these difficulties for two
classes of plant terpenoids bearing specific chemical functional
groups, sesquiterpene lactones and phenolic diterpenes. These
two classes of terpenoids have been chosen because of their high
potential as novel human drugs for treating cancer and central
nervous system disorders, and there is evidence that the
y-butyrolactone and phenolic groups are responsible in part for
the biological activity of these compounds.

Approach and methodology

The development of genomic and metabolomic technologies
hasnow made it possible to bring the field of plant natural prod-
ucts into the 21st century and replace serendipitous and hap-
hazard findingbyrational design and discovery. The TERPMED
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project will develop the technology required to achieve this
goal. By using a combination of comparative metabolomics and
genomics (Fig 2.) the project will contribute to the understand-
ing of the biosynthetic pathways leading to the synthesis of the
above-mentioned classes of terpenoids. To this end, the part-
ners will develop efficient and robust analytical screening
methods to detect and identify terpenoids bearing the
y-butyrolactone and phenolic functional groups.

Extraction and purification procedures will be set up at lab-
oratory scale to isolate these compounds for subsequent
structural and functional characterisation. These function-
based screens will lead to the establishment of a comprehen-
sive library of compounds from a subset of selected plant
species and varieties. The most representative compounds
will be tested for biological activity and the most active mol-
ecules will be selected. In parallel, large-scale sequencing of
c¢DNAs from producing and non-producing tissues of
a number of plants selected for their ability to produce the
targeted compounds will be achieved. High throughput cDNA
sequencing, coupled to the comparative analysis of the met-
abolic profiles of targeted species, will be used for elucidation
of the biosynthetic pathways leading to these compounds.

The genes discovered will be used to increase the production of
compounds containing the y-butyrolactone and phenolic func-
tional groups, but also to generate new functional molecules
through combinatorial biosynthesis. Innovative plant produc-
tion platforms using secretory organs such as the trichomes and
organ in vitro cultures will be tested for the efficient production
of the most promising compounds identified. Extraction and
purification procedures at semi-industrial scale will be devel-
oped to isolate the bioactive compounds from these production
platforms. In summary, the TERPMED project will lead to the
improved production of known biologically active molecules
and the discovery of new bioactive molecules. The project will
also generate the technology to produce and isolate these com-
pounds from genetically modified heterologous plant hosts.
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Fig 2.
Overall strategy of the TERPMED
project.
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Improving plant cell walls for use
as a renewable industrial feedstock

Background and objectives

The need for renewable energy and raw materials for industry
and society has become a pressing concern. The dependence
of a burgeoning and rapidly industrialising world population
on fossil fuels is clearly unsustainable, due to dwindling
reserves and the impact of greenhouse gas emissions on glo-
bal climate. Industrial economies are also increasingly con-
cerned about the stability and security of fuel supply.
Transportation fuels derived from petroleum account for more
than 30% of EU energy consumption. Liquid biofuels such as
bioethanol (produced by fermentation of plant-derived sug-
ars) and biodiesel (produced from plant or animal oils) offer
a renewable alternative for liquid transportation fuels and
have the potential to lessen the dependence of EU Member
States on oil imports. Bioethanol production is increasing
worldwide, but expansion of the current production from
sugar cane, sugar beet or cereal grain can put a strain on world
food supplies and prices. Development of ‘second generation’
biofuels that can be made from low-input non-food plant bio-
mass can alleviate dependence on oil in a sustainable carbon-
neutral way without placing further stress on food supply.

Plant biomass (or ‘/ignocellulose’) is one of the greatest
untapped reserves on the planet and is mostly composed of
cell walls. Energy-rich polysaccharide polymers make up
about 75% of plant cell walls and these can be broken down
to produce sugars that can be fermented to produce bioetha-
nol and other products. Even greater value can be added by
using integrated processing systems that allow multiple prod-
ucts to be produced from the same biomass - the biorefinery
concept. However, the complex structure of cell walls, consist-
ing of a network of cellulose microfibrils and matrix polysac-
charides encrusted by the phenolic polymer, lignin, makes
them very resistant to degradation. Improving the ease and
yield of cell wall saccharification (conversion to sugar) repre-
sents the major technological hurdle to overcome before the
full vision of the plant-fuelled biorefinery can be realised.

Approach and methodology

The aim of RENEWALL is to make breakthroughs in our under-
standing of plant cell walls and to use this knowledge to
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develop new strategies for breeding added-value plants with
modified wall properties that are better suited for biorefining,
The project will do this by identifying the molecular barriers
to digestibility, and the genes that can be manipulated to lower
these barriers: these may be plant genes involved in cell wall
biosynthesis or other (often microbial) genes that can modify
wall properties or degrade wall polymers when expressed in
plants. These genes can be directly used in GM approaches to
breed improved plant feedstock for biorefining, or used as
markers toimprove crops by conventional breeding approaches.

The project brings together leading plant cell wall scientists,
along with experts in the area of microbial enzymes for plant
cell wall deconstruction, and crop breeders and genetic engi-
neers with interests in biomass crops. Between them, the cell
wall scientists bring a depth of experience and resources in
the area of cell wall structure and biosynthesis, which has not
previously been focused on the aim of understanding and
improving cell wall deconstruction.

During year 1 the project has developed a set of new analyti-
cal tools with which to measure the digestibility of plant cell
walls. These include a high-throughput robotic system to
identify plants with altered digestibility in large populations
of plants, and a reactor system for the more detailed analysis
of plants with altered digestibility. The partnership has pro-
duced a wide range of plant materials for digestibility analy-
sis, and preliminary data have already identified plants with
modified lignin content that exhibit greater than double the
ease with which sugars are released.
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EU-based production and
exploitation of alternative
rubber and latex sources

Background and objectives

Natural rubber is a widely used raw material essential to
industry, medicine, transportation and defence whose major
source, the rubber tree Hevea brasiliensis, is currently both
sustainable and environmentally beneficial. However,
increased worldwide demand for natural rubber and latex
means that alternative sustainable sources are urgently
required. In order to meet this challenge, the partners have
created a network that links all stakeholders involved in the
development and sustainable use of Parthenium argentatum
(guayule) and Taraxacum koksaghyz (Russian dandelion) as
alternative rubber and latex sources in the EU. The technical
performance and economic potential of latex and rubber
extracted from these plants will be evaluated by producing
specific prototypes, such as surgical gloves and tyres.

Approach and methodology

To guarantee the sustainable development and exploitation
of both crops throughout the value creation chain, the project
includes research into the collection and creation of new
germplasm, biochemistry and genetics, breeding, agronomy,
processing and product development. The entire rubber bio-
synthetic pathway will be analysed, and potential bottlenecks
will be identified and bypassed through targeted conven-
tional breeding. Genes involved in rubber biosynthesis will
be mapped, helping to accelerate breeding strategies in order
to generate plants with commercially viable rubber yields.
Such plants will be tested for efficient growth and rubber pro-
duction in the field under different climatic and edaphic con-
ditions in Europe.

Since it is foreseen that the improvement of multiple traits will
be required to ultimately obtain economically viable produc-
tion systems for both crops, the project includes classical
crossing and novel genomics-based marker-assisted breeding
and targeted mutagenesis (TILLING variant) strategies, rather
than the production of transgenic field-grown crops. Because
ofhigh deregulation costs and EU policy, transgenics will not
be used for the improvement of European rubber crops. This
contrasts with the USA rubber crops programme.
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However, because Russian dandelion can be hybridised with
various other dandelion species, transformation of rubber bio-
synthesis genes into these species is a form of cis-genesis. Cis-
genesis is thus an option for future improvement when
EU-regulations for cis-genesis become less stringent. Traits
to be addressed at some point during the entire crop improve-
ment programme and expected to last for alonger period than
the four years project’s life-time include:
- growth vigour for improved overall biomass production;
- agronomical performance;
- root morphology (Russian dandelion, rubber in roots
only, improved harvestability);
« latex and rubber contents;
- down-regulation of competing pathways (e.g. sterols
or unwanted terpenes);
- rubber polymeric properties and size distribution;
- absence of latex allergenic proteins;
- overcome the necessity of cold-induction of rubber
synthesis (guayule);
- salt tolerance (guayule);
- cold tolerance (guayule).

To support and speed up breeding strategies and to promote
the understanding of rubber biosynthesis the model plant
Arabidopsis thaliana and Baker's yeast Saccharomyces cerevi-
siae are part of the programme to identify and assess the roles
of key genes involved in acetyl-CoA accumulation, in deter-
mining the flux through the mevalonate pathway and, finally,
in the (initiation of) polymerisation of IPP and GGPP units to
long-chain (poly)-isoprenes. DNA sequences concerned will
be used to support breeding strategies for guayule and
Russian dandelion.
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Fig 1.
Taraxacum koksaghyz (Russian

dandelion, left) and Taraxacum
officinale (common dandelion).
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Plant production of vaccines

Background and objectives

The use of plants as bioreactors for the production of phar-
maceutical proteins stands at a cross-roads. On the one hand,
the past five years have seen considerable advances in the
technologies for expressing proteins and extracting them in
an active form from plants. This culminated in 2006 in Dow
Agroscience obtaining regulatory approval for a plant-
expressed vaccine against Newcastle disease in poultry. On
the other hand, most of the recent successes have concerned
the production of well-characterised antigens and antibod-
ies which have already been produced using previously estab-
lished methods such as mammalian cell culture.

From a scientific standpoint, this approach clearly made
sense as it was important to establish the principle that plant-
produced pharmaceuticals are comparable in safety and effi-
cacy to their conventionally produced counterpoints.
Furthermore, given the timelags associated with the produc-
tion oflines of stably transformed plants, it was essential that
proteins with previously characterised pharmacological
properties were expressed, as only a few candidates could be
examined. However, the downside is that the plant-expressed
proteins which are most highly developed and, in some cases,
undergoing clinical testing will be in direct competition with
existing products.

It is now clear that for plants to fulfil their potential as
a means of producing pharmaceutical proteins, it is impera-
tive that methods are developed for the rapid production and
characterisation of plant-expressed proteins. This is particu-
larly important for cases for which it is not currently possible
and/or practical to produce the protein by other means. In
these cases, there is likely to be far less pre-existing informa-
tion available about the efficacy of the final product, and it
will be essential that the properties of a number of variants
can be quickly assessed to determine which are the most suit-
able for further development. Stable genetic transformation
(either nuclear or plastid) is unsuitable for these studies in
view of the time taken to obtain expression.

Approach and methodology

It is one of the major aims of this project to refine transient
expression technologies so that they can produce sufficient
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material in a sufficiently short timeframe to allow pharma-
cological studies of alarge number of vaccine candidate vari-
ants to be undertaken. This permits optimisation of the
methods of antigen presentation of a variety of different
potential immunogens. A particular advantage of the tran-
sient approach is that yields can easily reach 10-30 % of TSP.
Furthermore these high levels of expression can be achieved
in the timeframe of a few days.

Using transient expression systems, the consortium can go from
cloning of constructs to the expression of milligram amounts
of candidate immunogens within 2-3 weeks (Fig 1.). This speed
means that a wide range of vaccine candidates can be screened
inashort time. Thus the PLAPROVA consortium s able to eval-
uate potential vaccines against a number of diseases of great
and increasing importance to both the EU and Russia.

The consortium is concentrating on the expression of pro-
teins which form polypeptide complexes or virus-like parti-
cles. Due to their immunological properties, these are
particularly suitable as candidate vaccines.
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Introduction

Since the publication of the first EC-sponsored Research on
Safety of Genetically Modified Organisms’ book in 2001, the
EUlegal framework on Genetically Modified Organisms (GMO)
has changed substantially. Currently, it mainly comprises of
legislation covering the deliberate release of GMO into the
environment as well as GM food and feed and their traceability
and labeling respectively. As part of the legal initiatives, the
European Food Safety Authority was founded in 2002, which
today is the body responsible for conducting the environmental
and health risk assessment of any GMO to be marketed within
the EU. In parallel to these important changes, considerable
efforts were made and are continuously being made in the EU
to ensure that research addresses the main public concerns
regarding GMOs. The projects within this section provide
insight and tools to tackle challenges related to — amongst
others — the introduction of GMOs in EU markets, which, in
principle, could serve as a basis for future policy making.

The projects described here, deal with biosafety research; risk
analysis; coexistence and regulatory issues; consumer choice
as well as risk/safety communication. In addition, the 7th
Eurobarometer survey of 2010 on biotechnology has received
financial support.

Since virus-resistant GM plants have already been
commercially released worldwide (e.g. Papaya resistant to
Papaya ring-spot virus), it is important to provide the
necessary basis for risk assessment of virus resistance traits
before their commercial release in Europe. Concerning their
potential ecological impact, the project VRTP IMPACT
studied two forms of gene flow, either from plant to virus by
recombination or from plant to plant by outcrossing. Based
on their previous work, using approaches that include
laboratory, greenhouse and field studies, the participants in
the project have made considerable progress in providing the
knowledge that will allow assessment of potential risks linked
with GM virus resistance traits.

In order to promote food safety, a new integrated risk analy-
sis approach has been developed as part of the SAFE FOODS
project. By combining the skills of several natural and social
scientists, representing a broad range of institutions, coun-
tries, and disciplines, the project aimed to contribute to the
restoration of consumer trust in the food chain through the
development of a new integrated risk analysis approach for
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foods. The development of an improved Governance Frame-
work for foods produced by different agricultural and food
processing methods and practices changed the focus of deci-
sion making on food safety from single risks to considering
foods as baskets of risks, benefits and costs that are associ-
ated with their production and consumption, also taking into
account the social context in which decisions are made. The
major outcome of the project is a new Risk Analysis Approach
for foods that integrates assessment of human health aspects,
consumer preferences and values, as well as impact analysis
of socio-economical aspects. The findings of the multidisci-
plinary research approach can contribute to moving the
risk analysis model forward by translating them into best-
practice recommendations and using them to amend the
classical risk analysis model.

Meanwhile, more than 40 countries (including 27 EU Member
States) have introduced traceability and labeling regulations
mainly following either the EU or USA regulatory patterns,
which may differ according to the decision whether labeling
is mandatory or voluntary, and whether there is a tolerated
threshold for the adventitious presence of GMOs. Coexistence
of supply chains incorporating GM products is one of the
issues faced by European agriculture and downstream
processing chains within a frame of different constraints. In
line with these developments, several research projects have
been funded under the fifth and sixth European Framework
Programmes for research, focusing on traceability
(QPCRGMOFood, GMOCHIPS) and coexistence (SIGMEA,
TRANSCONTAINER, CO-EXTRA).

The CO-EXTRA project participants represent a broad exper-
tise in several aspects of coexistence and traceability of GM
and non-GM supply chains. The project examined the prac-
tices of supply chains from seed production to retailers’
shelves with practical implementation (e.g. documentary and
analytical) tools, addressing coexistence issues by multidis-
ciplinary teams embracing supply chains as a whole.
The methods, strategies, tools, and models developed
in CO-EXTRA for GM and non-GM supply chains’ coexist-
ence and traceability might be used in the management
of other supply chains, value added and niche markets, and
for detecting and excluding harmful products. The main
results of the project were disseminated at the biennial
Genetically Modified Crops Coexistence Conferences
(GMCC-07/09) in Seville and Melbourne, the only interna-
tional forum focused on coexistence between GM and non-
GM agricultural supply chains.
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Publicresearch in modern biotechnology aims at solving con-
straints in agricultural production, with regard to health care
and environmental protection. Developments in public
sector research in agricultural biotechnology are closely
dependent on the design and implementation of the regula-
tory frameworks for GM crops at the national, regional and
global level. Modern biotechnology can contribute to human
well-being only if the regulatory frameworks are science
based, predictable, transparent and balanced. To achieve this,
it is crucial that policy makers, regulators and the general
public are better informed about the objectives and progress
in life sciences in agricultural biotechnology. Conversely, the
public research sector itself needs to be informed about and
involved in regulations relating to modern biotechnology and
the implications for research, so as to be better aligned with
broader policy developments for food security, environmen-
tal protection and sustainable development. Therefore, the
SCIENCE 4 BIOREG project has been funded aiming to involve
public sector scientists working in biotechnology research in
international negotiations and policy discussions and extend-
ing the activities of the Public Research and Regulation
Initiative (PRRI). As aresult of the project, public researchers
have become a well-known entity in the international arena
and therole of science in general and of public research in par-
ticular have clearly been set on the negotiating agendas.

Following the 2004 adoption by the EU of compulsory labe-
ling of all food products containing GM in any ingredient, it
was uncertain how rapidly such products would appear on
the shelves of retail grocery stores. Therefore, the EU funded
project CONSUMERCHOICE asks ‘Do European consumers
buy GMO foods?" Several public opinion polls and some focus
groups explored public attitudes to GM-containing food prod-
ucts which showed that a majority of the European public
were somewhat antipathetic to the technology being applied
in agriculture. It is questionable, however, whether attitudes
expressed can be taken as a proxy for behavior. The studies
performed lead to the conclusion that only a small number of
GM labeled products were on sale and being purchased in
several European countries. As the number of GM products
available after the introduction of labeling has declined
significantly due to considerations by large food suppliers
and manufacturers, it can be concluded that European
consumers are restricted in their choice with respect to their
purchases of GM-foods. The findings also suggest that most
people are actually neither really interested in, nor very
alert to, the presence of GM ingredients or products, although
actually being present in the foods purchased. The observations
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underline the fact that what people say differs from what
they do. Though the data obtained are not sufficiently exten-
sive, it may reasonably be concluded that (i) most people do
not actively avoid GM foods while shopping, suggesting
adivergence between their opinions and actual shopping pat-
terns; (ii) linking purchasing data with answers to question-
naires is a more reliable way to establish attitudes than
relying on opinion polls only.

In the foreword of the report of the European Commission on
the EC-sponsored research on safety of GMOs published in
2001, J.E. Beringer cited some comments of opponents of
GMOs: ‘GMOs are unsafe and must never be released into the
environment.” 'We don’t know enough about GMOs to risk
releasing them — what is being done about this?” ‘Why doesn’t
someone do something to understand what the risks of GMOs
are?” According to Beringer, ‘they have encouraged and
exploited public unease very effectively because most people
are unaware that biosafety research is being done and, with
the exception of GM vaccines and other medical uses, there
has been very little direct public benefit to counteract per-
ceived risks.

In this earlier publication, Beringer stated that ‘a decade of
research has been done and millions of Euros have been spent,
but the anti-GM lobby’s agenda has hardly changed at all.
They profess still to be concerned that we have insufficient
knowledge and that no GMO should be released until we can
predict with certainty what it, and the cloned genes within
it, will do in the environment. How far are we ten years later?
Still, the results and even the existence of GMO biosafety
research are often ignored in the public debate on the
biosafety of GMOs. As a consequence, the already established
strong basis for a science-based discussion on GMO biosafety
is not fully explored in Europe or worldwide. In line with the
complex public debate on the use of genetic engineering in
agriculture and food production, the European Commission
has been funding projects supporting science-based political
decisions and improving the communication on ‘green
genetic engineering’ The four projects described in this chap-
ter supported a European initiative to enhance communica-
tion regarding GMO biosafety research (GMO RES COM),
established a Biosafety Research Communication Network
(BIOSAFENET), performed a pilot study on innovative
approaches to public communication oflife sciences and bio-
technology by students and young researchers (BIOPOP), and
provided a GMO communication and safety evaluation plat-
form (GMO-COMPASS).



Although the EC and the EU Member States have invested
considerable means in research on the potential impact of
GMOs, it is clear that these research activities need to be
accompanied by greater efforts to improve communication,
both within the scientific community concerned, and
between scientists and other stakeholders. Therefore, the
project GMO RES COM supported the participation of EU sci-
entists in the biennial International Symposia on the Biosafety
of GMOs (ISBGMOs), launched an international peer-
reviewed scientific journal entirely devoted to GMO biosafety
research, and created a database of GMO biosafety research
projects. For these three communication tools regarding
GMO biosafety research, efforts were made to ensure that
they will continue to function in the future. In the case of the
ISBGMOs, the symposium series is clearly well established,
and there can be no doubt about their long-term continua-
tion. Concerning the peer-reviewed scientific journal on
Environmental Biosafety Research (EBR), there is also little
reason to fear for the journal’s future, since the number of
manuscripts submitted has increased significantly since its
first years. The future of the Biosafety Research Database is
also assured, since, under the name ‘biosafe.res database’, it
is now part of the toolkit of web-based GMO biosafety
resources of the International Centre of Genetic Engineering
and Biotechnology (ICGEB).

The major aim of the BIOSAFENET project was to promote
scientific involvement and its broader perception in discus-
sions of, and decision making in, the biosafety of GMOs.
Therefore, the activities covered information tools, scientific
meetings and logistic support for networking, also strength-
ening the position of European researchers in the interna-
tional arena by exploiting platforms provided by the
International Society for Biosafety Research (ISBR). To achieve
this, the active participation of European scientists at two
ISBGMOs, which are the only internationally recognized sym-
posia in this important field of research, and networking
activities of Scientists in the New Member States and associ-
ated countries were supported. Besides the direct support of
networking, additional communication tools enhanced the
flow of information on biosafety research results. Target
groups were scientists, regulators, decision makers, the media
and the broader public. These activities addressed specific
demands of each group, from information about scientific
projects, compilation of knowledge for the evaluation of criti-
cal (up-coming) biosafety issues and presentations of results
from biosafety research to the general public.
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The project BIOPOP was a mixture of the innovative ideas and
the enthusiasm coming from young scientists, aiming at
setting a new format in science communication and public
participation, by creating a special environment where the next
generation of scientists and citizens can actually meet, and
where they can effectively establish a dialogue and a long-
lasting communication. The entire project was developed in
close contact with professionals from the media. A complex
evaluation system was designed to assess and follow-up the
interaction established between the young scientists and the
public and especially to understand the impact of the new
communication model on both the citizens and the researchers.

The GMO-COMPASS project demonstrated its ability to sup-
port Europeans in understanding GMO policy and regulations
and to inform them of new developments, benefits and the pub-
lic debate on GMO issues. The consumer has been reached by
offering science-based information aligned with the expecta-
tions of laypeople and embedded in a balanced reporting
including counter-expertise and views of non-scientists. Thus,
GMO-COMPASS successfully complemented the existing
information supply of regulators, policy developers, lobby
groups and scientific institutions. The broad interest in the
online discourse shows that such tools are highly suitable for
fostering a serious public debate on GMO issues within Europe.

In line with the complexity of the public debate on biotech-
nology, especially on the use of genetic engineering in
agriculture and food production, the European Commission
has not only funded projects dedicated to biosafety research
as a prerequisite for competent risk assessment and risk
management, but also projects supporting science-based
decision-making as well as improving communication on
‘green genetic engineering. The know-how developed in the
EU during the last ten years could result in substantial
benefits for the environment, consumers and societies at
large. In addition, it strengthened the role of European
scientists and regulators in the international debate on the
safety of GM plants as well as the coexistence of GM and
non-GM agricultural supply chains and supported building
bridges between different interest groups including those that
normally are not involved in the scientific process.
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Virus-resistant transgenic plants:
ecological impact of gene flow

Background and objectives

Virus resistance was among the very first agronomically use-
ful traits to be introduced into plants by genetic transforma-
tion, and several virus-resistant transgenic cultivars have
already been commercially released in the USA. In order to
provide the necessary science-based risk assessment of such
plants before contemplating commercial release in Europe, it
is of use to clarify several points concerning potential ecologi-
calimpact. The most important potential impacts could result
from two forms of gene flow, either from plant to virus by
recombination, or from plant to plant by sexual outcrossing.

Approach and methodology

VRTP IMPACT addressed these two outstanding questions
concerning the potential ecological impact of virus-resistant
transgenic plants:
- will recombination with an infecting virus lead to
the creation of novel virus genomes?
- will transmission of a virus resistance gene to wild
relatives of the modified crop species confer a fitness
advantage on the wild plants?

In the studies of recombinational plant-to-virus gene flow,
the particular targets were two groups of important plant
viruses, the cucumoviruses and the potyviruses. The plant-
to-plant gene flow studies were carried out with two major
crop plants that are known to be able to outcross with wild
relatives, beet and oilseed rape. Since it is known that gene
flow between the crop and wild relatives can occur with these
species, the work focused not on the incidence of gene flow,
but on its outcome. In all cases, potential impact was assessed
relative to studies of these two forms of gene flow in the
absence of transgenic plants.
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Main findings and outcome

There is considerable evolutionary evidence for recombina-
tion between related viruses that have hosts in common.
Thus, only if recombinants are observed in transgenic plants
that are different from those in non-transgenic plants will
there be any reason for concern about recombination in trans-
genic plants being a source for emergence of novel virus
genomes. In order to compare the recombinant viruses
appearing in transgenic and non-transgenic plants, extremely
sensitive molecular tools were developed for detection of
recombinant viral genomes, even when they represent
extremely minor parts of the population of viral RNAs. They
were applied to both doubly-infected non-transgenic plants,
and to singly-infected transgenic plants expressing a viral
coat protein gene. These studies have made it possible to char-
acterise in detail the recombinant cucumoviruses present in
plants infected with Cucumber mosaic virus and the closely
related Tomato aspermy virus. This analysis of recombination
sites on RNA3 in plants infected by two cucumoviruses has
made it possible to identify a variety of hot spots for recom-
bination. This provided the essential baseline information
with which the study of recombination in transgenic plants
expressing a coat protein gene was compared, in order to
determine if novel recombinant viruses occur in the trans-
genic plants. Studies of the biological properties of the recom-
binant viruses observed has shown that the majority of them
are deficient to varying degrees, and would not be expected
to survive in nature.

One of the key limiting factors in virus recombination is that
the viral RNAs must be in the same cells at the moment that
viral RNAs are replicated. In order to determine the extent to
which two related viruses cohabit the same cells in plants
infected with both viruses, novel viral genomes encoding an
additional fluorescent protein were created. When this strat-
egy was applied to potyviruses (Plum pox virus and Tobacco
vein mottling virus), a novel cellular exclusion phenomenon
was observed; related viruses were present only in a small
subfraction of infected cells, at the interface between patches
of cells infected with only one virus. Since in principle the viral
transgene sequences that could recombine are present in all
infected cells in transgenic plants expressing such sequences,
the likelihood of virus cohabitation at the cell level in non-
transgenic plants is a key piece of baseline information.
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Little is known about the prevalence of recombinant viral
genomes in nature. This is why molecular studies of viruses
found in the field were carried out. Viruses that have resulted
from recombination between two strains of either Cucumber
mosaic virus or of the potyvirus Watermelon mosaic virus were
found to be clearly part of natural virus populations. This
confirms that recombination is a normal occurrence, and
that recombinant viruses are part of the natural variability
of virus populations.

Plants encounter numerous types of stress that can affect
their ability to grow and reproduce. Virus infection can be
considered to be an important biological source of biotic
stress. This is why understanding the impact of virus infec-
tion on plant fitness (growth and reproduction) is important
in evaluating the potential impact of a virus resistance gene
on wild relatives of virus-resistant crops. The work carried
out suggests that virus infection can affect the fitness of wild
beet (the same species as sugar beet), and certain wild
Brassica (close relatives of oilseed rape). Although this sug-
gests that the transmission of a virus-resistance gene from
transgenic or non-transgenic crops to their wild relatives can
affect their fitness, the results also showed that the impact
on fitness is highly dependent on the genotypes of both the
host plants and viruses, as well as on the environment.

Conclusions

The two key biosafety issues regarding virus-resistant trans-
genic plants are the impact of plant-to-virus gene flow by
recombination and plant-to-plant gene flow by outcrossing.
Based on their previous work, using approaches that include
laboratory, glasshouse and field studies, the participants in
the VRTP IMPACT project have made considerable progress
in providing the knowledge that will allow assessment of
these two potential risks. Additional work presently under-
way in these labs will further clarify the impact of these two
forms of gene flow.
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Fig 1.

Expression of a viral coat protein transgene confers virus resistance.

The non-transgenic susceptible tobacco plant (right) showns typical mosaic
symptoms when infected with Potato virus Y. The plant expressing the coat
protein of Lettuce mosaic virus (left) is resistant to Potato virus Y.
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When non-transgenic plants are infected with both Cucumber mosaic virus
and the related Tomato aspermy virus, recombined RNA 3 molecules can be
detected by RT-PCR. A: the structure of RNA 3, showing the position of the
movement protein and coat protein genes. B: sites of recombination, shown by
vertical bars on the horizontal lines representing the positions of the RT-PCR
amplification products. (de Wispelaere et al., 2005).

Fig 3.
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When plants are simultaneously infected with Plum pox virus expressing either
a GFP or DsRed gene, the viruses infect separate patches of cells, which appear
green or red in confocal microscopy (left). Where the patches are contiguous,
only a few cells are infected with both viruses (right). (Dietrich and Maiss, 2003).
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Results and perspectives on
the coexistence and traceability
of GM and non-GM supply chains

Background and objectives

Genetic engineering of plants was developed in 1983 by three
different groups, one in Belgium, and two in the USA. Since
that time, plant biotechnology has expanded enormously and
isnow the basis of a major multinational industry. Genetically
modified plants for human consumption or animal feed are
mainly grown in the USA and Canada, with increasing pro-
duction in Brazil, Argentina and China. Europe cultivates only
a small amount of GM crops (mainly GM maize grown in
Spain), though this is likely to increase in the future.

Worldwide regulations on GMOs can mostly be divided into
two completely different types. The first, typified by the USA,
relies on the principle of substantial equivalence and asks the
question whether or not GMO-derived products are substan-
tially the same as their generally accepted non-GMO coun-
terparts. Ifthis is judged to be so, thenlittle further regulation,
other than the food safety requirement, is required. The sec-
ond viewpoint, initiated by Europe, concentrates on the
method of production, arguing that GMOs are produced by
adifferent technology or production process, and thus require
special regulation. Extensive EU legislation, including GMO
detection, traceability and labelling, has been introduced to
support this viewpoint. More than 40 countries (including
27 EU Member States) have introduced traceability and label-
ling regulations. These mainly follow either the EU or USA
regulatory patterns and may differ according to whether
labelling is mandatory or voluntary, and to whether there is
a tolerated threshold for the adventitious presence of GMOs.

The European frame recognises both the freedom of produc-
tion for producers and the right of consumers to choose the
products they wish, be they issued from GMO, conventional
or organic agriculture. Accordingly, coexistence of supply
chains incorporating those products is one of the issues faced
by the European agriculture and downstream chain within
a frame of different constraints such as those of the WTO.
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Several programmes have been launched into the FP5 and FP6
European research frames on traceability (QPCRGMOFodd,
GMOCHIPS) and coexistence (SIGMEA, TRANSCONTAINER,
CO-EXTRA). CO-EXTRA (contract 007158, www.coextra.eu)
has been (2005 - 2009) the largest EC-funded project on coex-
istence and traceability of GM and non-GM supply chains.

Approach and methodology

The CO-EXTRA project addresses for the first time the whole
issue of coexistence of GM and non-GM supply chains, exam-
ining the practices of supply chains from seed production to
retailers’ shelves with practical implementation tools such as
documentary and analytical systems supporting the coexist-
ence of supply chains. This coordinated and fruitful way of
working was possible only due to the size of this kind of pro-
gramme (Integrated project). In this way, the launch of such
large research projects should be favoured; small and frag-
mented research projects should be avoided where possible.

Numerous results show that the coexistence of GM and non-
GM supply chains, even at the farm level, cannot be addressed
by studying separately the different components of these
chains. Coexistence issues have to be addressed by multidis-
ciplinary teams embracing supply chains as a whole.

CO-EXTRA conducted experimental work on corn, rapeseed,
sunflower and tomato, as well studying pollen flow models
over large fragmented landscapes.
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Main findings and outcome

Biocontainment techniques such as corn cytoplasmic sterility
and rapeseed cleistogamy might be used for reducing pollen
flow and thus facilitating coexistence at field level. The final
admixture rate is dependent on conditions and the varieties
used. Accordingly, the long-term accuracy and stability (for
instance some corn CMS types are also highly susceptible to
plant disease) of those biocontainment systems should be
reassessed or, in some instances, still have to be developed.
In the event that a full containment of plants is required,
particularly when considering plants dedicated to non-food/
non-feed GMO cropping, stacking of biocontainment
measures will be necessary. Plastid transformation could be
used for biocontainment, but will impact on analytical
methods. However, the question of compatibility between the
duration necessary for the development of varieties
integrating biocontainment and the schedule of European
coexistence implementation has to be raised. Moreover, the
commercial availability of such biocontainment methods,
already used for producing hybrids, is questionable.

The partners confirmed earlier observations that stakeholders
are using a practical contractual threshold of ca. 0.1 %, well
below the 0.9 % European labelling threshold. This practical
threshold was explained by the sampling (no consensus
sampling plan available) and measurement (the inter-
laboratories variability is ca. 200 % around a value). Using
practical thresholds below a quality or safety threshold is
avery common practicein all sectors dealing with a threshold.
This practical threshold is easily reached in third countries
with large fields. Its sustainability in small-to-medium
European fields will depend on future GMO pressure in the
EU. The observed pollen dissemination over large distance,
and sampling and measurement uncertainties, imply that the
coexistence of open pollinated crops is only possible by using
either large distance of isolation or production of GM and
non-GM products in dedicated areas, as determined by the
models developed in the EC-funded SIGMEA project. The
technical and legal definitions of such dedicated production
areas remain open.

In the absence of pollen dissemination, the final GMO con-
tent is dependant on the initial GM seeds. Seeds purityis thus
a crucial basic factor of coexistence. Any seed threshold
should belargely lower than the labelling to leave enough lee-
way to make coexistence possible at the field level. However
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gene stacking, a growing trend in GMO production, will
reduce by the additional content of GM DNA the ability of
farmers to comply with downstream supply chain requests.
Finally, coexistence cannot exist without sustainable avail-
ability of low-cost non-GM seeds incoorporating the latest
genetic improvements. Farmers using farm-saved seeds
should benefit from the same protection as seeds producers
under contracts with seed companies. In all cases, good infor-
mation systems between farmers should be in place.

Supply chain coexistence on downstream farms is not a new
issue, as segregation between different products, such as
waxy corn or erucic rapeseeds, is already in place. However,
there is little experience in the EU of coexistence between GM
and non-GM products. Empirical studies of several supply
chains were carried out on corn, wheat, soybean and rape-
seed to determine the critical points and develop supply chain
management models. Elevators were identified as the main
source of unintended admixture. Where GM and non-GM
coexist, strategies for handling coexistence are different
between food and feed sectors, due to the current absence of
labelling products issued from animals fed with GMOs.

CO-EXTRA underlined several basic economic and legal facts.
Inparticular, co-existence cannot exist without an economic
valorisation of the whole supply chain which could imply, for
instance, labelling of animals fed with and/or without GMOs.

Three kinds of segregation strategies are possible: plant spe-
cialisation, production line specialisation and time specialisa-
tion. Due to the differences in companies’ size and structure,
the choice of a specific strategy should be taken on a case-by-
case basis and will probably be driven by market demand.
A modelling approach of vertical relationships along the sup-
ply chain was carried out (i) to represent current strategies, (ii)
to identify changes in context and mitigation measures that
would make it easier to handle GM/non-GM segregation and
(iii) to discuss such models or derived decision-support systems
with stakeholders. Such models can also be combined with
models of farm outcomes such as MAPOD, a spatially explicit
gene-flow model. The generic model considers admixture risks
between GM and non-GM products and the resulting conse-
quences, in terms of product compliance with a regulatory
labelling threshold. The simulation model, based on the exam-
ple of the starch corn supply chain, simulates physical flows
from fields to processing. It uses three kinds of batch controls:
simple traceability, automatic downgrading and PCR testing.
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Conclusions

Results show there is a threshold effect and that, from an eco-
nomic viewpoint, there is a tradeoff between the level of com-
pliance of the final product and the number of downgraded
non-GM batches. This tradeoff depends on both the penalty
incurred as a consequence of non-compliance and the non-
GM premium in the marketplace. Downstream farm opera-
tors use stewardship, for instance sampling methods,
involving practical contractual thresholds of GMO content,
for instance through GAFTA agreement, independent of
national legislations. The practical threshold of ca 0.1 % used
in these stewardships drastically impacts field outcome con-
tent and production organisation, but also the value of the
future European seed thresholds for fortuitous and techni-
cally unavoidable content of approved GMO.

The CO-EXTRA project’s empirical and modelling results can
apply to most supply-chains with quality and/or safety
requirements. The methods, strategies, tools, models devel-
oped in the project for GM and non-GM supply chain co-exist-
ence and traceability will be used in the management of
numerous other supply chains, value-added and niche mar-
kets, and for detecting and excluding harmful products such
as allergens and mycotoxin-producing organisms or patho-
gens. Traceability (on both analytical and documentary
viewpoints) is a major segregation tool for coexistence.
Documentary traceability is very largely used by companies
and only a few controls (analytical traceability) are effectively
carried out.

Traceability has been studied from a regulatory viewpoint
and also for its economic and social function: allowing trust
to be established between actors and on activities posing
risks on admixture. CO-EXTRA showed that, at the intersec-
tion of knowledge and risk, legal systems are trying to estab-
lish confidence in a society that links the two.
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Several general societal questions can beraised from such facts
or from basic questions reminded by CO-EXTRA, for instance
should the sustainability of non-GM seeds only be market-
driven or should public institutes be involved in non-GM vari-
eties production? The same may apply to the availability of
biocontainment methods, which may appear necessary, prob-
ably in a stacked way, for increasing the security of field co-
existence but are all owned by companies and will probably
not be easily made available to farmers, except in a few cases
such as containment of small scale fields devoted to non-food
production such as pharmaceuticals. Other general societal
questions or proposals have been made by CO-EXTRA such as
extending liability without fault and compensation schemes,
already in place for farmers in some Member States, to the
whole supply chains thus downstream from the farms.

The putative costs of coexistence measures have to be quan-
titatively and accurately measured and their distribution
assessed to impede unfair charging to some supply chains
and consequently to consumers. Cost benefits of supply chain
coexistence and traceability should be better assessed by tak-
ing into account the application of European Directives and
Regulations impacting on coexistence and traceability.
Generally speaking, the socio-economic aspects of coexist-
ence, from seeds to shelves, need to be better assessed.

The detection methods for analytically tracing GMO are more
and more accurate and able to provide reliable information
to end-users and consumers. Due to the development of
numerous multiplexed detection techniques and the impor-
tant use of documentary traceability by operators, the eco-
nomic impact of analytical controls is estimated not to
increase final costs. However these improvements do not
solve the inter-laboratories reproducibility issues calculated
as being between 50 and 200 % of calculated sample GMO
content, depending on sample grinding, DNA extraction and
the PCR detection methods used, as well as staff training. This
inter-laboratories reproducibility range explains in part, with
sampling issues, the difference observed between the practi-
cal contractual thresholds (ca 0.1 %) used by operators and
the labelling threshold of 0.9 %.
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Some issues - such as (i) how to deal with ‘botanical impuri-
ties in routine analyses (in relation to LLP issues) and (ii) how
technically, economically and legally to manage coexistence
in the field with large isolation distance or dedicated produc-
tion areas — are still pending and should be further researched
from the scientific, technical, economic and legal standpoints.
CO-EXTRA is thus recommending:

- that such large integrated research work on supply chain
coexistence should be continued as all coexistence
issues are interrelated and cannot be addressed
separately;

- such integrated work on coexistence and traceability
should embrace more global issues, not only EU-related
ones;

- more generally speaking, coexistence and traceability of
supply chains, from seeds to shelves, with less specific
focus on the GM aspect be studied;

- coexistence at the field level integrates biotech and
seeds area structures and strategies and their impacts
on commercial availability of usable tools, such as
biocontainment tools;

- greater in-depth study of the dispersal of viable pollen
over large distances on fragmented landscape for several
cropping plants, thus not restricted to the currently
approved GM species (maize) and corresponding models:

- retrieval in a GIS-based (web-interfaced) central reposi-
tory system, preferably operated by the European JRC, of
all coexistence data, including organic farming sustain-
ability in GMO production regions resulting from, for
instance, cropping in Spain;

- the preparation of a GIS-based (web-interfaced) central
repository system, preferably operated by the European
JRC for Post-Market Environmental Monitoring, for both
Case Specific Monitoring and General Surveillance, and
able to integrate data and increase transparency for
citizens;
the ability to have either large isolation distances
between GM and non-GM crops, or to develop dedicated
production areas;
the ability to maintain sources of non-GM seeds, inte-
grating the latest genetic improvements;

- the ability to stack different biocontainment methods
for both food- and feed-dedicated GMOs and GMOs
developed for non-food purposes.
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It is clear that it is necessary to rapidly determine future
research, but probably mostly expertise frames from the fields
for rapid implementation of coexistence from seeds to shelves.
However, before launching new research or expertise actions,
it would be helpful that Competent Authorities took decisions
and make the framework less uncertain: such as determin-
ing the GMO fortuitous presence level(s) in seeds, guidance
on individual vs regional coexistence measures and harmo-
nization, provision for seed production, etc. Some other facts
should also be considered such as the preferred hypothesis of
dedicated production areas versus coexistence using large iso-
lation distances, public funded tools to facilitate non-GM
seed provision and maybe biocontainment publicly available
methods before any additional work on coexistence is done.
It means that is necessary that decisions and harmonisation
of coexistence rules should be taken and proposed to Member
States in order to restrict to a minimum the expertise or
research fields to be further launched. Several decisions taken
in advance by European Competent Authority should pave
the way to coexistence in a rapid, time- as well as in a cost-
efficient way. Keeping too many open issues clearly hampers
the ability to rapidly find solutions to coexistence issues.
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A European initiative to enhance
communication regarding GMO
biosafety research

Background and objectives

Although the European Commission (EC) and the EU Member
States have invested considerable means in research on the
potential impact of genetically modified organisms (GMOs),
it is clear that these research activities need to be accompa-
nied by greater efforts to improve communication, both within
the scientific community concerned, and between scientists
and other stakeholders. The objective of the GMO RES COM
project was to contribute to improvement of communication
in this area. This was implemented primarily through three
tools: 1) support for participation of EU scientists in the bien-
nial International Symposia on the Biosafety of GMOs
(ISBGMOs), 2) launching an international peer-reviewed sci-
entificjournal entirely devoted to GMO biosafety research, and
3) creation of a database of GMO biosafety research projects.

Approach and methodology

The EC, along with the United States Department of Agri-
culture (USDA), was at the origin of the most important ongo-
ing series of international conferences on GMO biosafety
research, the International Symposia on the Biosafety of GMOs
(ISBGMOs), which are now organized by the International
Society for Biosafety Research (ISBR: http://www.isbr.info/).
GMO RES COM has served to enhance the role of European
scientists in the ISBGMOs that were held in 2002 and 2004.

As has been evident over the past decades, one of the particu-
lar features of GMO biosafety research is its highly interdisci-
plinary nature. Also, certain types of important research data,
such as those showing no effect of a GMO, were difficult to pub-
lish in existing scientific journals. For these reasons, with the
support of the GMO RES COM project, a new international
interdisciplinaryjournalin this area was created, Environmental
Biosafety Research (EBR: http://www.ebr-journal.org/).

It was also recognized that it was difficult to have an over-
view of the current state of GMO biosafety research. In addi-
tion to published volumes of project summaries, it was clearly
desirable to set up a public-access web-based database that
would present the current state of research in a dynamic fash-
ion. This was also achieved by the GMO RES COM project.
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Main findings and outcome

The International Symposium on the Biosafety of GMOs
(ISBGMO)

Since the first in 1990, an ISBGMO has been held biennially,
in order to address the scientific basis for biosafety issues
associated with GMOs. The Symposium series is designed for
scientists, policy makers, regulators, non-governmental
organizations, and industry representatives involved in GMO
development and relevant biosafety studies.

Participation in the 7th ISBGMO, 10-16 October 2002,
Beijing, China

The 7th ISBGMO was held in China, in recognition of the
increasingly important role that China is playing in GMO
biosafety research. Thus it was important for the European
research community to be well represented. GMO RES COM
provided travel and subsistence support to all of the public
sector European scientists who were members of the organ-
izing committee, chaired a session, or presented a paper in
aplenary session.

The presence of an important European delegation has also
helped to ensure that European scientists continue to play
a central role in the activities of the International Society for
Biosafety Research (ISBR). For instance, thanks to the
European delegation at the Beijing ISBGMO it was decided
that the 8th Symposium would be held in France in 2004.

Organization of the 8th ISBGMO, 26-30 September, 2004,
Montpellier France

The 8th Symposium, held 26-30 September 2004 in
Montpellier, France, under the responsibility of the ISBR, was
attended by approximately 250 participants. As during the
previous editions, four days of the symposium were devoted
to presentation of research covering selected major themes
relevant to GMO biosafety, with a particular effort made to
project from the current state of knowledge into the future.
The entire symposium proceedings can be downloaded at the
ISBR web site (http://www.isbr.info/). In addition to the usual
four days of sessions, the 8th symposium included two novel
elements. One of these was a special evening event for better
contact between scientists and the public, which was in the
form of a public presentation of the work of the symposium,
including an opportunity to ask questions of participating
scientists. The second was a special North-South workshop.
Here the purpose was to mobilize the GMO biosafety research
community to identify the GMO-related biosafety research
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Fig 1.

A poster used to advertise the Sth
International Symposium on

the Biosafety of GMOs, held in
Montpellier (France), September
26-30, 2004, which was supported
by the GMO RES COM project.

that countries in the South will need in order to evaluate the
development of GMOs for their own uses, and to create
better contacts between researchers in North and South.
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Environmental Biosafety Research (EBR)

A brief history of Environmental Biosafety Research
Environmental Biosafety Research (EBR), the official journal
ofthe ISBR, was born directly from the ISBGMOs. The idea to
launch a new journal reflecting the highly interdisciplinary
nature of the symposia was first discussed at the 5th sympo-
sium (1998). This was followed by several years of discussion
and planning, before the first issue of EBR was released at the
end of 2002. The editorial office, was set up at INRA-Versailles,
and the journal was run initially with three editors-in-chief,
Mark Tepfer (France), Klaus Ammann (Switzerland) and
David Andow (USA), and an editorial board composed of six
European members, six from the USA, and three from devel-
oping countries. For further information, see http://www.ebr-
journal.org/. Particularly during the first years of EBR,
considerable effort was made to enhance its visibility. This
included creating and distributing fliers at numerous scien-
tific meetings, and a real effort was made to have the journal
indexed in the most important online indexing services, such
as the IST Master Journal List and Medline.

Overview of the first years of publication of EBR

EBR has appeared quarterly since the end of 2002. As seen
below, up to the end of 2004, a total of 49 articles were pub-
lished, for a total page count of 575.In the years since the end
of the GMO RES COM project, EBR has continued to publish
a similar number of papers.
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2002
Volume 1
1issue

2003
Volume 2
4 issues

2004
Volume 3
4 issues

Totals

Regular articles 4 9

Review articles 1
Editorials 2
Book reviews

Others

Thanks to the online version of EBR, the journal has a good
level of perception by the scientific community. At last count,
the most downloaded article had received more than 1000 hits.

The GMO RES COM Biosafety Research Database
Creation of the GMO RES COM Biosafety Research Database
This database was designed to become an up-to-date source
of information, fulfiling needs of several stakeholder groups.
It facilitates creating new consortia of research groups for
carrying out biosafety research is an excellent source of
expertise in the various fields of GMO biosafety, and it also
provides greatly enhanced public access to GMO biosafety
research. The database created during the GMO RES COM
project was further improved thanks to support by the
BiosafeNet project (http://www.gmo- safety.eu/en/
biosafenet_navigator/562.docu.html), and is presently housed
at ICGEB (http://www.icgeb.org/~bsafesrv/).

Conclusions

As described above, the execution of the GMO RES COM
project has resulted in the full development of tools for com-
munication regarding GMO biosafety research. Efforts were
made to ensure that they will continue to function in the future.
In the case of the ISBGMOs, the symposium series is clearly
well established, and there can be no doubt about their long-
term continuation. Concerning EBR, there is also little reason
tofear for the journal’s future, since the number of manuscripts
submitted has increased significantly since its first years. The
future of the GMO RES COM Biosafety Research Database is
also assured, since, under the name ‘biosafe.res database it is
now part of the toolkit of web-based GMO biosafety resources
of the ICGEB (http://www.icgeb.org/~bsafesrv/).
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Fig 2.

Covers of the journal, Environmental
Biosafety Research (EBR), launched
with support from the GMO RES
COM project.
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Global involvement of public
research scientists in regulations
of biosafety and agricultural
biotechnology

Background and objectives

The SCIENCE4BIOREG project addresses the growing gap
between life sciences on the one hand and regulatory policies
and public perceptions on the other.

Public research in the modern biotechnology field aims at
solving constraints in agricultural production, healthcare
and environmental protection. Developments in public-sec-
torresearch in agricultural biotechnology are closely depend-
ent on the design and implementation of the regulatory
frameworks for genetically modified crops at the national,
regional and global levels. Modern biotechnology can con-
tribute to human wellbeing only if the regulatory frameworks
are science-based, predictable, transparent and balanced. Not
only the risks that may accompany any technological inno-
vation need to be addressed, the benefits also need to be taken
into account in ensuring good governance. To achieve this, it
is crucial that policymakers, regulators and the general pub-
lic are better informed on the objectives of and progress in
the life sciences of agricultural biotechnology. Conversely, the
public research sector itself needs to be informed about and
involved in regulations relating to modern biotechnology and
the implications for research, so as to be better aligned with
broader policy developments relating to food security, envi-
ronmental protection and sustainable development.



CHAPTER 4 « RISK ASSESSMENT & MANAGEMENT POLICY SU

The objective of this project, focused on public-sector scien-
tists working in biotechnology research, is to involve them in
international negotiations and policy discussions that per-
tain to biotechnology. The SCIENCE4BIOREG project extends
the activities of the Public Research and Regulation Initiative
with the aim of ensuringe that the public research sector will
be at least minimally represented at all relevant meetings.

Approach and methodology

Successful involvement of life scientists in negotiations and
discussions on biosafety regulations requires that they have
an understanding of a regulatory background. For this
purpose the project management regularly organises regional
preparatory meetings where scientists can learn about
existing and planned international and regional regulations.
In addition, scientists are supported in participating in
international discussions and expressing their opinions on
regulatory developments. The target regulations of the project
include the Cartagena Protocol on Biosafety (CPB), the
Convention of Biological Diversity (CBD), the Aarhus
Convention, and EC Directives and Regulations.In addition
to participation in and organisation of international meetings,
the SCIENCE4BIOREG project informs governments,
organisations and other stakeholders on ongoing public
research in modern biotechnology and the concerns of public
researchers regarding specific regulatory developments.
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Main findings and outcome

During the project duration the following outcomes were
achieved:

40 public sector scientists from 21 countries partici-
pated in the Third Meeting of the Parties (MOP3) to the
Cartagena Protocol on Biosafety;

40 public sector scientists from 21 countries partici-
pated in the Fourth Meeting of the Parties (MOP4) to the
Cartagena Protocol on Biosafety;

10 public sector scientists participated in the 8th and
9th Conference of the Parties (COP8 and COP9) to the
Convention on Biological Diversity;

10 public sector scientis ts participated in the
Conferences of the Parties to the Aarhus Convention;
numerous public sector scientists participated in the
many intersessional preparatory meetings of all MOPs
and COPs;

public-sector scientists participated in the various
meetings on biotechnology organised by the European
Commission, Member States, EFSA, and other European
Organisations as COST;

six international and regional meetings were organised
to inform public-sector scientists on existing and
planned international and regional regulations pertain-
ing to biotechnology;

statements on specific items on the agendas of MOPs
and COPs, such as risk assessment and socio-economic
considerations, were prepared in consultation with PRRI
members and submitted to the negotiating parties;

the framework for an online database including public
sector research in biotechnology worldwide was created;
guidance materials for compliance with biosafety
regulations were prepared and made available to public
researchers;

project activities were presented during international
meetings;

newsletters on the outcome of international meetings
and negotiations relevant to biotechnology and biosafety
were disseminated to public-sector scientists worldwide;
letters explaining the relevance of public-sector research
in modern biotechnology were sent to governments and
international organisations.

Details of these activities can be found at www.pubresreg.org
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Conclusions

Public researchers have become a well-known entity in the
international arena and the roles of science in general, and of
public research in particular, have been clearly established
on negotiating agendas.

Experience from the project indicates that a continuous dialo-
gue between life scientists and policymakers can contribute
to the establishment of biotechnology regulatory frameworks.
Transparent, science-based and predictable regulations are
the first prerequisite for liberating the potential of modern
biotechnology from research pipelines and delivering its
benefits to farmers’ fields.

Fig 1.
Participants of the 3 Meeting
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Promoting food safety through
a new integrated risk analysis
approach for foods

Background and objectives

The governance of food safety has long been regarded as the
domain of ‘experts’ and professional risk managers, with min-
imal input from other interested parties, such as consumers.
However, a number of food safety incidents in Europe (GMOs,
BSE, dioxins...) have had a negative impact on public trust in
food safety regulation and management and have exposed
the need for improvements in the current approach to food
risk analysis.

The EU project SAFE FOODS (2004 - 2008) aims to contrib-
ute to the restoration of consumer trust in the food chain
through the development of a new integrated risk analysis
approach for foods. Combining the skills of over 100 natural
and social scientists, coming from 37 institutions in 21 coun-
tries, the project is integrating a broad range of disciplines to
refine risk analysis practice for food safety.

The major objective is to develop an improved governance
framework for foods produced by different agricultural and
food processing methods and practices. The objective of this
framework is to change the focus of decision-making on food
safety from single risks to considering foods as baskets of
risks, benefits and the costs that are associated with their
production and consumption, taking into account the social
context in which these decisions are made.

Questions that have been addressed are:

- the applicability of new informative profiling methods
for identification of emerging risks in food production;

- how information about risk assessment should be
communicated to the public, and how public concerns
can be incorporated into this process;

+ how effective communication and inclusive public
participation in risk management and science and
technology policy can be developed; and

- therole of institutions involved in risk assessment and
management in the light of a broader risk analysis
framework taking into account socio-economical
risk-benefit issues and the consequences of introducing
foods and new production methods.
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The major outcome of the project is a new risk analysis
approach for foods that integrates assessment of human health
aspects, consumer preferences and values, as well as impact
analysis of socio-economic aspects. The strengths of the model
are the transparent and novel method of risk identification and
assessment, and the inclusive approach to risk management
with active involvement of all stakeholders, taking a broad
range of ethical, social and economic factors into account.

Approach and methodology

SAFE FOODS consists of a number of research projects (work
packages) with a high degree of coherence bringing together
multidisciplinary teams of dedicated experts from academia
in many EU countries, including the new Member States:
1. comparative Safety Evaluation of Breeding Approaches
and Production Practices Deploying High- and Low
Input Systems;
. early Detection of Emerging Risks Associated with Food
and Feed Production;
. quantitative Risk Assessment of Combined Exposure
to Food Contaminants and Natural Toxins;
. consumer Confidence in Risk Analysis Practices
Regarding Novel and Conventional Foods;
. investigation of the Role of Regulatory Institutions
in Risk Management;
. design of a New Integrated Risk Analysis Approach
for Foods.

WP1. The primary objective of Work Package 1 was to develop
comparative safety assessment methods for foods produced
by different breeding approaches and production practices.
The methods selected were designed to facilitate large-scale
analysis of gene expression, protein expression and metabo-
lite content using transcriptomic, proteomic and metabo-
lomic techniques linked to relevant frameworks for the
statistical analysis of data. These methods were used to assess
sources of compositional variation in maize kernels and
potato tubers, as examples of important European crops. To
do so effectively required that field trials were performed and
analysed over four growing seasons. In total more than 3 000
samples were analysed.
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WP2. This Work Package’s aim was to explore and develop
methods and tools for the early identification of emerging
hazards, with particular focus on issues that may be associ-
ated with agricultural production methods, namely high- or
low-input agricultural production systems. The following
techniques were used: review of existing early warning sys-
tems and methods; review of literature on emergence of
microbial and chemical food safety hazards; establishment
of a transfer point where experts can exchange information
and of an EU-wide expert database; review of the potential
linkage between food safety and climate change on a global
and European scale, providinge capacity building for
European risk assessors and risk managers on the issue of
emerging hazard identification.

WP3. This Work Package had three main aims:

- development of an electronic platform of food consump-
tion and residue databases, all linked to probabilistic
software via the Internet. This platform will facilitate
pan-European modelling of exposure in which national
and international exposure calculations are performed
in a harmonised way;

- development of a probabilistic integrated risk model in
which exposure to compounds via food is directly linked
to information on possible detrimental health effects.

In this way, more refined and realistic quantitative risk
assessments can be performed, compared to the meth-
ods currently applied;

- the use of this model in situations where consumers are
exposed simultaneously to more than one chemical and
in which the risk manager has either to balance the
effect of the risk (or benefit) of one compound against
another or consider cumulative effects of compounds
with the same mode of action.

WP4. The main purpose of this Work Package was to under-
stand food risk management perceptions in Europe. A series
of studies was conducted in various EU Member States which
attempted to identify the psychological determinants of good
institutional food risk management. The perceived effective-
ness of food risk management practices was explored in
a qualitative study using focus groups comprising members
of the public and food safety experts. The foundations for
a model of the underlying psychological factors that affect
consumer confidence in food risk management practices were
provided by the results of these explanatory studies, which
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were tested quantitatively using structural equation model-
ling. The quantitative study involved an Internet-based sur-
vey conducted in four European Member States — Germany,
Greece, Denmark and the UK - and a telephone survey in
Slovenia. In order to validate the model of consumer percep-
tions of food risk management quality, a series of case study
interviews was conducted to provide ‘proof of principles’
against past food safety incidents.

WP5. The main objective of this Work Package was to outline
and explore some of the major challenges for EU food safety
governance and relate them to potential procedural and insti-
tutional responses. The first phase of the research work was
devoted to investigating some of the major recent institu-
tional rearrangements and procedural reforms in European
food safety regulation and to outlining the legal and policy
bases for these changes and reform efforts. The second phase
involved identifying certain issues that emerge as essential
to the task of changing food safety governance for the better
and to suggest ways of addressing these issues. This was done
by referring to the imperatives identified in the major legal
and policy documents and as emphasised by key stakehold-
ers in the field on the basis of experience since the changes
were introduced.

WP6. One of the main objectives of this Work Package was to
integrate the outcomes of the other Work Packages (1-5) into
the new integrated SAFE FOODS risk analysis framework.
Besides the innovations in risk assessment that were realised
in Work Packages 1,2, and 3, the new approach took stock of
the recommendations for improved risk communication and
institutional organisation on food safety governance that had
resulted from the research of Work Packages 4 and 5 respec-
tively. The new risk analysis framework aims at enhancing
the transparency of the risk analysis procedure, as well as
ensuring stakeholder involvement. Besides risks to human
health associated with food consumption, this Work Package
explored the possibility of assessing the associated benefits
and of including socio-economic factors such as the social,
economic, and environmental impacts, as well as the ethical
implications, in this assessment. Retrospective case studies
helped determine the added value of an improved approach
to risk analysis. A discussion document describing the new
framework was submitted to a broad range of stakeholders
during two workshops, in order to obtain feedback which was
then used to refine the approach further.
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Main findings and outcome

Innovative profiling technique. In recent decades, produc-
ers have been experimenting with different methods (e.g. GM,
conventional, organic) to ensure staple crops, but risk asses-
sors have had a limited understanding of how the different
cultivation methods affect crop composition. Using an inno-
vative ‘omics’ technique, SAFE FOODS analysed the compo-
sition of potatoes and maize of different genetic backgrounds
and grown under different production practices. The project
found that ‘omics’ technology can allow scientists to do
unprecedented analysis of crop composition by measuring
thousands of parameters at once (including genes, proteins
and metabolites). These capabilities allow scientists to deter-
mine whether inserting a new gene in a maize kernel changes
its composition in an unintended way. Although ‘omics’
approaches are not currently required in risk assessments,
evidence shows that the approach provides a much greater
insight into crop composition than the tools now in use. The
new technology is useful in cases where it is imperative for
risk managers to understand how the crop’s cultivation proc-
ess changes the nutritional value of the food on a consumer’s
plate (e.g. nanotechnology, GM, organic).

Holistic approach to emerging risk. It is standard practice
to track food and feed alerts and to maintain an early warn-
ing system which focuses on hazards. Today's early warning
systems are largely reactive, catching the hazard after it has
occurred. SAFE FOODS explored the potential of applying
trend analysis to reports from the rapid alert system for food
and feed, and of combining it with additional data on factors
affecting the food and feed supply chain (e.g. size of farms,
climate, imports/exports, and regulatory change). The project
has identified case-specific and generic indicators and data
sources for detecting microbial and chemical hazards, and
will propose methods to utilise this information for early iden-
tification of food safety risks. This holistic approach, looking
at the internal and external influences affecting the develop-
ment of a hazard in the food chain, has the potential to help
risk assessorsidentify emerging risks proactively. The impor-
tance of the growing number of global factors impacting on
food safety has been recognised and the holistic approach is
currently being explored in the Netherlands.
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Probabilistic modelling tools. Countries collect data on
what people eat and on the toxins to which people are exposed
via food. SAFE FOODS explored the potential of using proba-
bilistic modelling tools to combine consumption and food
residue databases with the aim of allowing risk assessors to
project the exposure of a population to food contaminants
over along period. Risk assessors can then forecast, for exam-
ple, whether vegetarians have a higher exposure to pesticides
than non-vegetarians and at what point their exposure
reaches a critical level. This tool has the potential to facilitate
amore realistic exposure assessment than current practices,
because it allows risk assessors to identify vulnerable groups
within a population.

European consumer views on risk analysis. Consumer per-
spectives of risk analysis have been explored previously at the
national level, but the differences in questions and the meth-
ods used to gather responses have made it difficult to see how
cultural values influence food risk perceptions. An under-
standing of how these cultural differences can influence risk
analysis is of crucial importance in multicultural societies.
SAFE FOODS bridged this gap by conducting a series of sur-
veys, interviews and focus groups in EU Member States that
were regionally representative. The project’s consumer
research provides a view of how European consumers would
optimise the food risk analysis process.

Comparative analysis of food risk governance in Europe:
Food risk governance is structured differently at national and
European levels. For example, in the UK, risk management
and risk assessment are dealt with by separate bodies,
whereas in Hungary these responsibilities overlap. At the
European level, where these tasks are separated, authorities
involved in food safety recognise that they can send clearer
messages to consumers by optimising collaboration. SAFE
FOODS analysed the division of responsibilities for food risk
governance in five Member States and at the European level.
The project extracted best-practice examples from these
country comparisons to contribute to the optimisation of
interaction between risk managers and risk assessors, iden-
tifying when such interaction is helpful.
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Fig 1.

The Work Package 2 training in
Moscow, February 2008.

Fig 2.

Framework developed by SAFE
FOODS.
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A new integrated risk analysis framework for food safety.
Further extending the risk analysis models previously devel-
oped by Codex alimentarius and the European Commission,
SAFEFOODS developed a new integrated risk analysis frame-
work, visualised as a cyclic process involving various stages
including framing, assessment, evaluation, management
(decision-making, implementation, and monitoring), and
review (see Fig 2.). Novelties featured within this approach
include the explicit distinction of framing and evaluation
stages, increased stakeholder involvement, and the inclusion
of other factors besides risks in the scientific assessment stage.

Conclusions

The common thread throughout SAFE FOODS’ multidiscipli-
nary research was to ensure that the findings contribute to
moving the risk analysis model forward. The project trans-
lated the findings above into best-practice recommendations
and used these recommendations to amend the classical risk
analysis model.

The basic structure of the SAFE FOODS model builds on the
three-phase structure developed by the FAO/WHO. It evolves
the classical model into a five-stage process involving fram-
ing, risk-benefit assessment, evaluation, risk management,
and review.

The main objectives in developing this framework for opti-
mal food risk analysis were to:
1. take benefits into account whenever possible and
explore ways of balancing risks and benefits;
2. broaden the aspects of risk to consider ethical,
economic, social and environmental impacts; and
3. ensure formal stakeholders involvement.
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Background and objectives

Following the 2004 adoption by the EU of compulsory label-
ling of all food products containing GM in any ingredient, it
was uncertain how rapidly such products would appear on
the shelves of retail grocery stores. It appeared that, at the
end of 2005, labelled GM foods of one sort or another were on
sale in various countries in Europe.

During the past decade there have been numerous debates and
campaigns focusing on genetically modified crops and their
food products. Several public opinion polls and focus groups
exploring public attitudes to GM-containing food products
showed that a majority of the European public was somewhat
antipathetic to the technology, with views ranging from some
who were vigorously opposed, a proportion enthusiastically in
favour, while most people were essentially disinterested.

These surveys were hypothetical in asking ‘what would you
do if you had the opportunity of buying GM-products?’ since
itis questionable whether attitudes expressed can be taken as
a proxy for action. There were a few small-scale experiments
in which limited numbers of consumers were offered a choice
between identical products with a GM label and without, but
with a price differential in favour of the GM option. However,
no exploration was made of what consumers actually choose
when shopping for food in familiar stores offering food labelled
as containing or being derived from GM ingredients.

The prime strategic objectives of these studies were therefore to:

- determine the discrepancy between measured attitudes
of European consumers towards GM foods and their
actual purchases when they were given the opportunity
to choose between GM and non-GM;

- record GM products offered for sale, how customers
are informed by labelling, price and supplementary
information, and product position and prominence
on the shelves;

- supplement the findings with specific opinion polls and
focus groups;

- provide reliable evidence of genuine consumer GM food
choices to food chain stakeholders in order to help them
in their future planning.
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The CONSUMERCHOICE project ‘Do European consumers
buy GM foods?’ conducted a series of studies which included
the exploration of purchasing choices in the Czech Republic,
Estonia, Germany, Greece, The Netherlands, Poland, Slovenia,
Spain, Sweden and the United Kingdom.

Approach and methodology

In order to make a general assessment of GM-labelled prod-
ucts on the market, the first study used a series of random
shop visits to determine which supermarkets offered these
products over an extended period. In parallel with these vis-
its, a media analysis of GM issues was made to ensure a gen-
eral understanding of the situation in each country, applying
acommonly used method of content analysis to establish the
tone of media coverage. This was supplemented by the iden-
tification of political viewpoints by tracking policy state-
ments on GM issues of the political parties.

Two quantitative studies using questionnaires were also
carried out to identify:
1. whether Polish and British citizens now living in the
United States were aware that GM products do not
have to be labelled in the US;
2. whether they were buying these products; and
3. how they felt about this situation.

A third quantitative study compared peoples’ actual purchases
with their perceptions and attitudes towards GM-labelled
products. This was achieved by comparing purchase data of
GM products with consumers’ answers to a short question-
naire. This data was collected in identical ways in each coun-
try, using questionnaires translated into the national language
using the services of the GfK (Growth for Knowledge) com-
pany. The questionnaire posed questions about respondents’
level of knowledge on the labelling of GM products, and their
perceptions and attitudes towards GM foods. The data was
interpreted using Statistical Package for Social Sciences (SPSS)
software, version 16. Chi-square tests were used to compare
answers given by buyers and related non-buyers.

Finally, a qualitative study was carried out in four European
countries: Sweden, the United Kingdom, Spain and The
Netherlands. This was done through focus group discussions,
using standardised guidelines for group size, set-up, question-
ing and interpretation. The study also further explored con-
sumers’ views on GM-labelled products and on their willingness
to buy these products, together with the implicit value premises
and assumptions underlying their arguments.
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Main findings and outcome

During the period of the project the public debate on GM
issues in Europe was generally relatively subdued, although
markedly more active in some countries at particular times,
such asin the UK in the summer of 2008 and in France earlier
in the year. The tone of the media coverage changed during
the period from negative-neutral to neutral-slightly positive.

The preparedness of supermarket managers to discuss the GM
issue varied between individual companies as well as between
countries. Most large supermarket chains were not willing to
provide sales data on GM-labelled products. Small shopkeep-
ers usually were unaware of the transgenic provenance of some
ofthe products in their stores. However, none of them, large or
small, reported any consumer reactions whatsoever.

We determined that GM-labelled products were on sale in
Estonia, Poland, the Czech Republic, Spain, The Netherlands
and the United Kingdom. In Slovenia, Greece, Germany and
Sweden no GM-labelled products were found on the market
during the period of the project. In those countries where
GM-labelled foods were on sale, most were oils from GM soya
or GM maize sold either as cooking oil or incorporated into
other products such as margarine and crisps. We established
that the number of GM-containing products on offer was con-
siderably lower than before the introduction of the labelling
regulation.

The results of the two questionnaires to Europeans living in
the US showed that most of them (92 %) said they knew what
GM food was and more than half were aware that unlabelled
GM foods are for sale in the US. However this knowledge failed
to prompt most of them (73 %) to make any effort to identify
these products in order to avoid them.

For all the countries with GM-labelled products on sale, 75 %
ofrespondents claimed to know that these have to belabelled
by law. Nearly 60 % said they did not know how to distinguish
a GM-containing product from a conventional one. Although
not everyone read the detailed ingredients list before they
bought a particular food item, 54.1 % of respondents said they
did. There was no significant difference between buyers and
non-buyers in the answers to these three questions. More
than halfthe respondents said they were not careful in avoid-
ing GM-labelled food.
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Comparison of respondents’ actual behaviour with their per-
ceptions revealed no significant difference between buyers
and non-buyers. Half the respondents (49.8 %) said they did
not buy GM-labelled food. Interestingly, 48 % of GM buyers
thought they did not buy GM-labelled food. Conversely, almost
23 % of non-buyers thought they did buy GM-labelled food.
A remarkably high number of respondents (30 %) claimed not
to know.

Focus group studies showed that GM food is not high in peo-
ple’s minds when discussing food purchasing habits. Labelling
was demanded by participants, yet few of them actually looked
at thelabels when buying food. Sceptical arguments were more
dominant than consideration of benefits but it seems likely
that, in the future, climatic and population restraints on food
availability may lead to greater acceptance of GM foods.

Conclusions

Overall these studies lead us to conclude that only a small
number of GM-labelled products are for sale and purchased
in various European countries. As the number of GM prod-
ucts available since the introduction of labelling has declined
significantly, we can conclude that European consumers are
restricted in their choice of purchases, reflecting the lack of
availability of these products in the stores.

That three in four people claim to know that GM-food has to
be labelled, and that two-thirds say that they cannot distin-
guish GM from non-GM products, may reflect the fact that
fewer than 50 % of respondents bothered to read labels before
buying a food item. Alternatively, it may mean that the infor-
mation on the label is misunderstood or misinterpreted.
Another reason may be that people are simply not interested:
this seems to be confirmed by the finding that only 30 % of
respondents are careful never to buy foods with GM
ingredients.

Our findings, including the studies of Polish and British resi-
dentsliving in the United States, suggest that most people are
neither really interested in, nor very alert to, the presence of
GM ingredients or products. Opinion polls elsewhere have
shown a low and declining level of interest in the GM issue
when respondents are asked unprompted to list their con-
cerns about food. It is only when GMOs are brought specifi-
cally to their attention that they show antipathy. This is also
confirmed by the results of the focus group discussions.
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By and large, consumers continue to display a negative atti-
tude towards genetically modified ingredients in food prod-
ucts and gene technology in particular. When asked whether
they would buy GM foods, supposing such benefits as lower
prices, healthier or tastier products, or production under
‘environmentally-friendly’ regimes, most people remained
negative. This is not reflected in the focus group results,
where people seemed more positive about GM foods with
specific benefits. The focus group study leads us to conclude
that genetically modified ingredients are not an issue that
people consider seriously while shopping. Care for the envi-
ronment or quality in proportion to price are more impor-
tant. It would be interesting to explore the reasons for such
differences further.

The fact that GM-labelled products are available and actually
bought shows that there is indeed a market for such products.
Our results may suggest that this market might be even larger
than believed, as 20% of non-buyers thought they were
already buying GM-foods, and around 30 % did not even know
whether or not they were doing so. Interestingly, the data
showed no significant differences between buyers and
non-buyers.

Our observations underline the fact that what people say dif-
fers from what they do. When asked whether they had bought
GM food, half of our respondents said they had not. Yet the
barcode analyses of their purchases showed that half of them
were wrong and that they had indeed bought such products.
Perhaps they did not know what they had bought. Some peo-
ple also thought they had bought GM food when, in fact, they
had not. Our data is not sufficiently extensive to probe more
deeply into the minds of the shoppers but we may reasonably
conclude that:
- most people do not actively avoid GM food, suggesting
that they are not greatly concerned with the GM issue;
- linking purchasing data with answers to questionnaires
is a more reliable way to establish attitudes than just
opinion polls.
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Table 1.

Number of GM labelled products (barcodes) per country found in supermarkets
in 2007.

Would you buy GM food?
W Yes O No B Don't know

Non-buyer

MNon-buyer

Non-buyer

Non-buyer

Non-buyer

Czech
Republic

t t t
0% 10% 20% 30% 40% 50% 60% 70% 80% Q0% 100%

Fig 1.
Answers to the question Would you buy GM food?’ in percentages

differentiated between buyers (n=500) and non-buyers (n=500). A buyer is
a consumer who bought at least one GM-labelled product per year (2007).
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Background and objectives

In the public debate on the biosafety of genetically modified
organisms (GMOs), the results and even the existence of GMO
biosafety research are often ignored. As a consequence, the
already established and solid basis for a science-based dis-
cussion on GMO biosafety is not fully explored in Europe or
worldwide. The major aim of this project was to promote sci-
entific involvement and its broader perception in discussions
of and decision-making on the biosafety of GMO. As such,
BIOSAFENET was not a research project but a networking
initiative for biosafety research.

The activities covered information tools for scientists, deci-
sion-makers, stakeholders and the general public, and scien-
tific meetings and logistic support for networking. A main
aim was to strengthen the position of European researchers
in the international arena. To achieve this, the active partici-
pation of European scientists at the International Symposia
on the Biosafety of GMO (ISBGMO), the only internationally
recognised symposia in this important field of research, as
well as the networking activities of scientists in the new
Member States and associated countries, were supported. The
platforms provided by the International Society for Biosafety
Research (ISBR) were exploited in order to enhance the role
of European experts in the international biosafety debate.
Besides networking, other communication tools enhanced
the flow of information on biosafety research results. Target
groups were scientists, regulators, decision-makers, the
media and the broader public. These activities addressed spe-
cific demands of each group, from information about scien-
tific projects, compilation of knowledge for the evaluation of
critical (upcoming) biosafety issues, and presentations of the
results of biosafety research to the general public.

BIOSAFENET activities were coordinated in the project
‘Global involvement of public research scientists in regulations
of Biosafety and Agricultural Biotechnology (Science4BioReg).
Exchange with other EU-funded projects conducting research
on GMO was also established via the Advisory Board.
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Approach and methodology Partners
Mark TEPFER
The project was structured into four work packages and the  [pternational Centre for
management section (Fig 1.): Genetic Engineering and
« 'WPL. This comprised support for European scientists Biotechnology, Trieste (IT)
to participate actively in the 2006 and 2008 ISBGMO Ervin BALAZS
symposia on biosafety, as well as the organisation of Agricultural Research Center

. . . of Hungarian Academy of
expert seminars on key issues of biosafety research. Sciences, Martonvasar (HU)

Internationally recognised scientists were invited to Kristina SINEMUS
co-organise six expert seminars on prominent biosafety G eﬁiusK(}‘iﬂbH‘, Darmstadt (DE)
issues. BIOSAFENET financed the seminars and organ- Gioreos SAKELLARIS
i o i N 1i01rgos S/ {LLARIS
ised the venue(s) and logistics, with project partners National Hellenic Research
participating actively in these seminars or co-organising  Foundation, Athens (GR)
them. Recommendation reports were/are published on
the issues discussed in the seminars.
- WP2. The project established an interchange with the
International Society for Biosafety Research (ISBR), the
organisers of the ISBGMO symposia, in two respects.
The programme committee and BIOSAFENET coordi-
nated invitations and the activities of European scien-
tists at the symposia. Since ISBR also provides an
international science-based platform for the discussion
and promotion of biosafety issues, BIOSAFENET
together with ISBR established general communication
tools involving European specialists, i.e. a website and
anewsletter. In addition to the link with the ISBR, WP 2
supported scientific networking activities in the Balkans
and Turkey, including meetings with representatives of
other EU-funded projects such as Science4BioReg,
CO-EXTRA, TransContainer and PharmaPlanta.
Another activity was the reconstruction of a biosafety
research database (formerly GMO RES COM), now under
the umbrella of ICGEB and renamed BiosafeRes. The
exchange with other EU-funded projects was fostered
via the Advisory Board.
- WP3 had the task of establishing an Internet platform
for the dissemination of biosafety- related information
to all groups of stakeholders and to the public.
- WP4 was created to inform the media and journalists on
biosafety issues. Information on biosafety research topics
was compiled and edited for distribution to the media.
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Fig 1.

Organisation of BIOSAFENET.

WP = work packages; italics refer to
target groups identified for different
activities.

Main findings and outcome

In September 2006 the project started by selecting scientists
for the European delegation to the 9th International Sym-
posium on Biosafety of Genetically Modified Organisms
(ISBGMO) in Jeju, Korea. Eleven scientists (from six EU coun-
tries) were supported in participating in the symposium as
speakers, chairs or in the organising committees. In 2008 the
10thISBGMO took place in Wellington, New Zealand, and the
participation of 16 scientists (from 10 EU countries) was
funded by the project. Abstracts and reports on both sympo-
sia are available on the ISBR website (www.isbr.info) or will
be published in Environmental Biosafety Research.

Six expert seminars were organised during the course of the
BIOSAFENET project on the following topics:

1. plant viruses and genetic engineering;

2. fitness of transgenic crops;

3. experience on monitoring of Bf-maize;

4. statistics for field trials regarding risk assessment;

5. transgenic insects; and

6. GM plants and abiotic stress tolerance.

BIOSAFENET invited scientists with expertise in their respec-
tive fields to explore the subjects in an open-minded atmos-
phere with a group of up to 20 scientists, in a 2-3 day meeting.
The discussions and conclusions of each seminar were or will
be published as Commentaries in Environmental Biosafety
Research. Several seminars were held back-to-back with meet-
ings of EFSA GMO Panel working groups, providing a direct
and supporting link between biosafety research and environ-
mental risk assessment. The concept of expert seminars will
be adopted by ISBR for further activities.
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BIOSAFENET reconstructed a database on biosafety research
projects. The new ICGEB-managed database, now called
BiosafeRes (http://www.icgeb.org/~gmores/prod/index.php),
provides worldwide and free public access to descriptions of
past and current research projects on GMO biosafety. Target
groups range from scientists to journalists and the general
public. The database will also support researchers in develop-
ing countries anxious to extend their contacts with European
scientists and develop collaborative projects with them.

The website www.gmo-safety.org, edited by a partner, was
supported in part by BIOSAFENET as it provides a forum for
disseminating information on biosafety research to a broader
public. Its services include the Biosafenet Download Centre for
freely accessible papers and publications, and the Biosafenet
Navigator which provides links to relevant websites. The
number of visitors between 2007 and June 2009 rose from
16 000 to approximately 25 000 per month.

In addition, media sets and news on highlighted issues such
as ‘herbicide resistant plants and biodiversity’, ‘the soil eco-
system’ and ‘Bt and butterflies were prepared and distributed
to media and journalists. During the course of the project, 21
media sets were compiled and a list of more than 800
European/international journalists established to receive fur-
ther information on biosafety research.

Several activities of BIOSAFENET also established direct con-
tacts with target groups and stakeholders. In May 2008,
Science4Bioreg and BIOSAFENET organised an information
booth and several side events at the 4th Conference of the
Parties to the Cartagena Protocol, 12-16 May 2008, in Bonn,
Germany. Scientists from Science4Bioreg, BIOSAFENET and
other EU-funded projects introduced their biosafety research
topics, as well as the GMO risk assessment process and
sources of related information, to an international audience.

European scientists working in the field of biosafety were con-
tacted directly at various conferences and seminars to par-
ticipate in scientific discussions on biosafety. In addition to
the active participation of BIOSAFENET partners in regional
and international conferences, seminars and workshops on
risk assessment and biosafety focused on the new Member
States, the Balkans region and Turkey (17 countries), and a list
of 90 experts from these regions was compiled. A continuous
exchange with ISBR, the Pannonian Plant Biotechnology
Association (PPBA) and the Black Sea Biotechnology
Association was maintained during the project.
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The BIOSAFENET project closed with a public conference
held on 29 June 2009 in Berlin. Project partners and repre-
sentatives from cooperating institutions, such as ISBR and
PRRI/Science4Bioreg, reported on their projects, joint acti-
vities and conclusions. The conference concluded with a panel
discussion by scientists, journalists, industry and NGO
representatives on the biosafety research communication,
taking public concerns into account.

Conclusions

The Advisory Board of BIOSAFENET, recognised European
biosafety experts and managing members of other EU-funded
projects, evaluated the activities halfway through and at the
end of the project. The Board highlighted the flexible tools devel-
oped and the overall record of the project, rating the format and
content of expert seminars and recommendation reports as
convincing tools for resolving specific biosafety problems. The
seminar concept will be adopted by ISBR for future events. The
Board also recommended maintaining the database (BiosafeRes)
and website activities (www.gmo-safety.eu), and even translat-
ingtheminto additional EUlanguages. This is essentially in line
with the feedback from the side event at COP/MOP 4, where par-
ticipants stressed the need to gain access to scientific and gen-
eral information in a ‘one-stop-shop” manner. ICGEB will
continue to manage BiosafeRes. The continuation and extension
of the website and related activities, such as editing of collated
information for the media, will depend on future project fund-
ing at the national or European level.

Exchange within the scientific community was most effec-
tively realised through support from existing networks of
organisations like ISBR, PPBA or the Black Sea Biotechnology
Association. In addition, seminars on GMO risk assessment
and biosafety for regional researchers were well accepted and
may increase awareness of the topics discussed. A regional
communication structure reflecting regional needs would
improve involvement, but is not yet well institutionalised in
most of the new Member States or associated countries.

BIOSAFENET facilitated theinitial contacts and meetings of
researchers and interested experts in these regions, but sup-
porting initiatives will be needed to establish routine meet-
ings and foster international integration.
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Pilot study on innovative approaches
to public communication of life
sciences and biotechnology by
students and young researchers

Background and objectives

Take two important cities in different parts of Europe, Italy
and The Netherlands. Imagine, on the one hand, a group of
young scientists freed from their laboratory environment and
anxious to discuss their work and, on the other hand, a group
of men-and-women-in-the-street keen to share their views
and contribute to new roles in science. That's BIOPOP!

This project is aremarkable mix of the enthusiasm and the inno-
vative ideas of five young scientist organisations of the Young
European Biotech Network, led by the Association of Italian
Biotechnologists together with the BtS, Amicale, GeNeYouS, TU
Lodz ASSB, Aethia and Observa Science in Society.

BIOPOP addresses the big issues present at the ‘science and
society interface. Recognising this, the European Commission
agreed to fund this source of fresh ideas, thereby setting
anew record: the youngest age-group of researchers and stu-
dents ever awarded a grant within the FP5 framework pro-
gramme for research and technological development.

By evoking the words ‘BIOtechnology’ and ‘POPular”, associ-
ating them with pop music and the pop movement, the project
aims to establish a new format for communication and pub-
lic participation in science, creating a special environment
where the next generation of scientists and citizens can actu-
ally meet, and where they can effectively establish
a dialogue and long-term communication.

One of the BIOPOP events was the placement of a specially
designed tent in the main squares of these two important cit-
ies, where researchers and passers-by had the opportunity to
meet and establish a unique relationship between society and
science.

The project was developed in close collaboration with media
professionals organised in both countries in ‘media contact
groups - ‘activist’ journalists and communicators who dis-
cussed, compared and reviewed the ideas of these young sci-
entists from various standpoints.
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The first event was held in Bologna in October 2005 and the
second in Delft in April 2006. Four thousand people in Bologna
and more than 2 000 in Delft contributed to an extraordinary
experience that touched on ‘hot issues such as cancer ther-
apy, stem cells, GMO and food safety, and patents in life.

These young scientists discussed such issues openly with the
people they met, shared their feelings and emotions, listen
and gathered reactions, challenging themselves on their own
research topics. At the same time, members of the public were
able to express their views on regulatory initiatives and on
the scientific fields that deserved better funding.

A complex evaluation system was used to assess and follow
up the exchanges between the young scientists and the pub-
lic, and to measure the impact of this new communication
model on both citizens and researchers.

Approach and methodology

The project produced a communication format structured to
match the people participating and the approach they had
been trained in. This was a tailored training, based on a spe-
cifically designed model to ensure communication and using
a new content management system to ensure the young

scientists applied the model correctly.

out of the labs

Af———————
~ back to the labs

ENGAGEMENT

PUBLIC

ENRICHMENT

People

The people involved in BIOPOP were the teachers or anima-
tors but researchers and students in life sciences. The proc-
ess was therefore sui generis, in the sense that the participants
came from their labs to meet the public and, after their
involvement, returned to their daily work in science; they
underwent the special experience of interaction with the pub-
lic while remaining active in science. The aim was to provide
an enrichment process, with expected impact not only, or not
mainly, on the public but on the scientists themselves.

PPO
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Approach

Compared to previous interaction experiences, the model
developed requires scientists to meet the public in a neutral
(i.e. notrole-based) environment, in order to share viewpoints
rather than present positions. The model aims to create peer-
to-peer interaction where it is not a question of scientists
meeting the public, but of a person-to-person interaction
where each has his or her own ‘baggage’ of experience to
exchange.

Training
In order to ensure these features in the communication
model, a special set of training modules was developed with
the specific aim of:
1. deconstructing a role-based and categorised view of the
public;
2. developing an approach to the public based on
experience-sharing;
3. training in a different contents/knowledge management
system, specifically developed under the project.

Context
The main features of the environment in which the commu-
nication was established were:

- youth-based, i.e. inevitably the interaction was going to
be essentially with young people;

- informal, i.e. the meetings, discussions and all the
interactions during the event were open and shaped by
participant contributions;

- science-based: despite the presence of young people and
the informality, it was evident that this was an opportu-
nity to discuss science with scientists. Each experience
was essentially scientific.

Content Management
Specific tools were developed to manage the information

exchange during the event and, thus, establish fruitful inter-
action avoiding the so-called ‘deficit model’.

Fact sheets - knowledge based

general toolset <
Discussion Maps - discussion based

Discussion toolset - topics/tools links

specific tool
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The tools developed linked scientific knowledge to daily life,
thus establishing a process ofknowledge management that was
more complex than any based only on facts, and closer to the
common way of linking different levels of information during
discussion. Moreover, some of the discussion-based tools were
designed to ensure that every exchange was open throughout,
rather than lead to ‘conclusions’ or to fixed positions.

Main findings and outcome

A novel approach to the media was established: journalists and
media organisations not only distributed information about
the events, but were actively involved in the development and
realisation of the communication model and in all the dissem-
ination activities (press releases, advertisement, website).

The innovative communication model worked well and was
readily accepted by all involved. The positive response of the
public to ‘bottom-up’ participation is a sure sign that these
methods are appropriate: the rare opportunities to partici-
pate in such activities therefore tend to be fully taken up by
the most active people, regardless of the level of their daily
involvement in scientific topics. Together with the set-up of
the event, a specific framework was developed to evaluate sci-
entifically the impact of the model on people: the design was
planned ad hoc to measure parameters never measured in
previous experiences based on the ‘deficit model’. This origi-
nal evaluation schemeis another concrete result of the project.

Events like these appear to be very successful, especially at the
level of interpersonal communication between members of
the public and researchers. An active public looking for infor-
mation and willing to engage in individual discussions on bio-
technology seems to be well served with an event like this. The
non-mediated and human interaction provides the possibility
of creating an authentic two-way communication process,
a dialogue between scientists and members of the public.

This Trediscovery of open interpersonal communication could
lead to more trust and less cynicism, maybe more than with
other kinds of mediated interaction on science and technology
in the mass media or in museums. It seems vital that the com-
municators are researchers themselves, in particular young
researchers, and no PR or information officers are involved.



The young age of the scientists involved is a major factor in
facilitating communication, because it makes the dialogue
more informal, in comparison with the relationship between
well-known scientists and the public. The open-laboratory
sections in the tent, the relatively open communication mes-
sage in the ‘big head exhibition’, and the combination of ster-
eotyped and strongly non-stereotyped images produced
a successful environment for interpersonal communication.
Together, all these aspects provided the opportunity to pre-
serve, or restore, a certain degree of complexity to the com-
munication, as is the reality in scientific research.

This kind of communication does not reduce science to black-
and-white statements or true-or-false statements about reality.
It not only demonstrates scientific results but also the process
of biotech research (despite this being a very small part of the
whole) and the societal and ethical questions surrounding this
kind of research. The comparison between the two experiences
provided useful hints in ascertaining the success of the com-
munication approach launched in the BIOPOP project.

Conclusions

On the one hand, if we conclude that this is an innovative and
successful communication model, we invite institutions and
media to exploit the material and methods that BIOPOP has
now made available. On the other hand, however, some
unsolved issues remain from the BIOPOP experience. Without
exception, each of the 150 scientists from all over the Europe
that participated in the initiative experienced the same dif-
ficulties in engaging with the project. Since one of the key fea-
tures was to involve young scientists willing to remain active
in science, the main obstacle for them was to devote part of
their time to communication and training.

It was not only a matter of the time materially available for
these activities. /£ was also a matter of the cultural acceptance
of their engagement within their labs. In almost all cases, lab
directors, and colleagues as well, considered even a small
amount of time devoted to public engagement as a waste of
that time! Instead of being an added value, it was considered
detrimental to benchwork and, in some cases, even as detri-
mental to the person’s career prospects.
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This is the main paradox: at everylevel, European and national
institutions claim a higher social responsibility by scientists
and stress the need for a commitment to the public as part of
the researcher’s duties, especially when activities are funded
from public grants. Committing the scientific community to
a different vision depends by definition on young scientists,
since this implies training on one side (training on commu-
nication and on participatory models) and a cultural evolu-
tion on the other, accompanied by a change in public
perceptions. Thus, the picture emerging on one side is that:

1. institutions call for greater engagement;

2. young scientists should be the main actors involved in

this process,

but on the other side:

1. the culture of the established scientific community
doesn't favour this engagement;

2. there are no incentives or rewards for those scientists
engaging with the public while remaining active in
science;

3. both key issues impact especially on young scientists,
since they'e less autonomous and often hold insecure
positions.

It is evident that there is a need to find feasible proposals to
remove these obstacles, in order to offer incentives to
researchers and their institutions, as well as provided added-
value to careers in the short-to-medium term, and produce
a shift in the cultural dimension in the long term. While the
cultural shift can be partially left to generation change, dif-
ferent methods and solutions have to be experimented with
in the other key aspects.

The second issue emerging from the BIOPOP project is more
closely related to the experiences of scientists while engaging
with the public. It relates to the impact of the public on sci-
entists’ activities when they return to their labs.

Public engagement is just a performance? How do we deal with
the epistemological issue that the debates on biotech high-
light, i.e. the need for a more complex and participative gov-
ernance of research and technological development? These
are questions for which, in order to provide serious answers,
Europe’s young scientists will need concrete incentives.
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GMO communication and
safety evaluation platform

Background and objectives

European consumers expect safe, high-quality foods. However,
they seem to doubt that GMO products can fulfill this require-
ment. Polls make clear that the majority of European consum-
ers regard gene technology in agriculture and food products
with some scepticism. In a Eurobarometer poll in 2005, only
27 % of Europeans expressed a positive attitude to GM food.

Itis also evident that accurate information on GMOs is the key
to ensuring the consumer’s informed choice on topics related
to GM products. National and European polls indicate that
many European consumers have yet to form an ultimate opin-
ion on the topic. According to a Eurobarometer poll in 2007,
the ‘use of genetically modified organisms in farming’ is the
second most common topic for which European consumers
cite a clear deficit of information (34 % of respondents).

Science-based information on the use and safety of GMO
products, as well as on the approval procedure, often fails to
fully reach its target group, the consumer and the general pub-
lic. Likewise, research outcomes concerning safety aspects of
GMOs are hardly known to the public. The public perception
of these facts is selective: signs of safety concerns evoke
amuch larger reaction than science-based explanations. This
intensifies a feeling of uncertainty for many consumers.

Approach and methodology

The Internet platform www.gmo-compass.org was estab-
lished within the EU’s 6th European Research Framework
Programme under Priority 5: Food Quality and Safety from
2005 - 2007. The main objectives were:

- astronger presence and awareness of science-based
facts about food safety and the potential of GM crops
in public debate;

- transparency in the GMO safety evaluation regulatory
practice thus fostering more public trust in GMO food
safety;

- comprehensible information source for knowledgeable
customers;

- adialogue platform for the discussion of green
biotechnology.
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Disseminating and facilitating access to science-based infor- ~ Partners

mation on GMO issues is one of the main objectives of the Gerd SPELSBERG
GMO-COMPASS information portal. Information offersneed  Transgen, Aachen (DE)

to adapt better to demand - this means matching expecta- ;.\ popp

tions, needs, interests and the knowledge background of con-  T(7yNORD EnSys Hannover
sumers. Considerable effort is needed to deliver scientific =~ GmbH & Co.KG (DE)
information on GMO safety aspects and the foundations of

state control to the public in order to ensure the appropriate

perception. This is where GMO-COMPASS contributes by pro-

viding appropriate concepts.

GMO-COMPASS features a consumer-orientated platform
which offers easily comprehensible information on GMO
products, their use and related issues of safety evaluation.
Information on specific GMOs and GMO products is linked
to background information and general topics of relevance.
Political, national, legal and socio-economic aspects along
the food chain are closely linked and presented in the form of
condensed information packages.
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Science-based information: The editorial conceptindicates
that the website is the work of science journalists who exer-
cise journalistic freedom in the selection and presentation of
website content. This ensures credibility, which is an essen-
tial success factor when presenting GMO-related topics.
Using a balanced approach, information is compiled and
transmitted in a way that is factual and relatively easy to
understand. Users who want to learn more can find links to
relevant full-text sources on each page of the website. All texts
are written journalistically and presented in an appealing and
concise design with multiple presentation styles including
reports, interviews, animations, photos and diagrams.

Public dialogue: The GMO-COMPASS website was also
tested as a tool for dialogue processes on GMO issues. In 2006,
GMO-COMPASS initiated an online discourse on ‘The Future
of GM Crops in Europe - Coexistence with Conventional and
Organic Farming’. Online discourses serve as a means for
gathering information and preparing for decision-making.
They were to offer consumers and stakeholders a fair oppor-
tunity to express their needs and wants (information
demands). The discourse was limited to a timeframe of four
weeks and ended on October 8th, 2006. To encourage debate,
the team of moderators came up with three different ficti-
tious scenarios concerning the implementation and results
of coexistence practices in the year 2016.

Main findings and outcome

User statistics of GMO-COMPASS.org have grown continu-
ously, so that it has become one of Europe’s most used inde-
pendent information portals on GMO issues. During the
project period, the website was visited by approximately
250000 people who read around 2.6 million pages. At the end
of the EU-funded project period (February 2007), visitor num-
bers reached an average of some 1 000 visits per day (approx.
30 000 visitors per month). Visitors came from a wide range
of countries (approx.130) within Europe and beyond.

Right from the start, GMO-COMPASS aimed to improve the
dissemination level by cooperating with international news
services in the area of agro-biotechnology. This work has led
to extensive publicity for the website, which is also reflected
in the high number of web pages referring to GMO-COMPASS
(around 8 000 external links).
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Conclusions

The rapid increase of user numbers is the most important
indicator of broad public acceptance and usefulness of this
website and the information it offers. The GMO-COMPASS
website has been kept alive until today and its visitor num-
bers have continued to grow, almost tripling from 2007 to
2009, now reaching around 80000 users per month.

The GMO-COMPASS web project demonstrates that it can
help Europeans understand GMO policy and regulations and
inform them of new developments and benefits and of the
public debate on GMO issues. The consumer has been reached
by offering science-based information aligned with the expec-
tations of lay persons and embedded in balanced reporting
that includes counter-expertise and the views of non-scien-
tists. By this means, GMO-Compass successfully comple-
ments the existing information supply and transparency
measures of institutions and state bodies, as well as the web-
sites of lobby groups and scientific institutions.

The great interest in the online discourse shows that such
tools are very suitable for fostering a serious public debate on
GMO topics and issues within Europe. For future online dis-
courses, it is recommended to consider local issues such as
the debate on GM-free zones or local field trials. Such topics
are believed to add to the interest for the lay person.
Experience suggest that consumers tend to be more active if
they are directly affected by local topics.
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Europeans & Biotechnology in 2010
Findings from Eurobarometer 73.1

Background and objectives

This was the seventh in a series of Eurobarometer surveys on
biotechnology conducted in 1991, 1993, 1996, 1999, 2002, 2005
and 2010. This latest survey was based on a representative
sample of 30800 respondents from the 27 Member States, plus
Croatia, Iceland, Norway, Switzerland and Turkey.

Issues such as regenerative medicine, production of Gene-
tically Modified Organisms (GMOs, both transgenic and cis-
genic), biobanks, biofuels and other innovations such as
nanotechnology and synthetic biology were investigated. In
addition broader issues, such as the governance of science
and the engagement of citizens, were considered. The survey
stands as a contribution to the public and policy debate. This
summary emphasises the findings dealing with GMOs.

Approach and methodology

The questionnaire for this Eurobarometer survey included
key trend questions designed to assess the stability, or
change, in aspects of public perceptions. It also included new
questions to capture opinions and attitudes on emerging
issues in the field of biotechnology. And, as in 2005, there were
questions on nanotechnology, partly because this has been
heralded as the next strategic technology and partly because
of its close links with biotechnology. There were also new
questions on the emerging field of synthetic biology.

Main findings and outcomes

The portrait of European citizens painted in the 2010 survey,
in comparison to earlier surveys, shows that the crisis of con-
fidence in technology and regulation that characterised the
1990s (as a result of BSE, contaminated blood and other per-
ceived regulatory failures) is no longer dominant. Today, there
is a much greater focus on the technologies themselves: Are
they safe? Are they useful? There is no rejection of the impe-
tus towards innovations and commercialisation, and
Europeans are in favour of regulation to balance the market,
reflecting their desire to be involved in decisions about new
technologies when social values are at stake. Overall the
majority of the European public remains optimistic about bio-
technology and genetic engineering.
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The Eurobarometer survey, however, indicates that some con-
troversies persist, and GM food remains the Achilles’ heel of
biotechnology. Concerns about safety remain paramount, fol-
lowed by the absence of perceived benefits. GM food is seen
asunnatural. Interestingly, when the technologyis explained
in more detail in the context of apple production and a com-
parison is made between transferring genes from different
species (transgenics) and those from naturally crossable vari-
eties (cisgenics), the picture becomes more complex. The
majority of the European public considers the cisgenic tech-
nology to be safe and, given the advantage of reduced pesti-
cide use, this approach is seen as acceptable. Even transgenic
approaches receive a somewhat more positive reception than
GM food itself, possibly because of the potential benefits of
lower pesticide use. Thus the survey indicates that objections
to GM food are related to concerns about safety seen in the
context of alack of perceived benefit, and these are objections
which may wane if new varieties offer clear benefits.

The European public is even less supportive of animal clon-
ing for food products, which is seen as unbeneficial, unsafe,
inequitable and worrying. The similarities between percep-
tions of animal cloning and GM food suggest that the combi-
nation of biotechnology and food is an unpalatable recipe.

However, there is also a clear disparity of opinion across
Europe. The survey indicates that there is no majority in any
country in favour of encouraging GM food: the respondents
who think it should be encouraged vary from 44 % in the UK
to only 10% in Greece and Cyprus, and an even lower level
(7 %) in Turkey. However, breaking down the technology into
transgenic and cisgenic approaches gives strikingly different
results. When asked if cisgenic technology should be encour-
aged, Cyprus now comes out highest with 76 % in favour, while
Luxembourg is most sceptical at only 35 %.

Conclusions

The survey shows that European public opinion need not be
seen as a constraint to technological innovation. While GM
food is still opposed overall, Europeans favour sustainable
innovation - for example technologies allowing reducing pes-
ticide use, and the cisgenic rather than the transgenic
approach. There is now also greater trust in industry and in
the regulatory authorities. And while the European public
expects the appropriate regulation, in preference to leaving
issues to market forces, it wants its views to be taken into
account when technology and values collide.
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