Genetically Modified and
Non-Genetically Modified
Food Supply Chains

Co-Existence and Traceability

Yves Bertneau

$WILEY-BLACKWELL



Genetically Modified and
Non-Genetically Modified Food
Supply Chains:
Co-Existence and Traceability

Edited by Yves Bertheau
Research Director
Institut National de la Recherche Agronomique (INRA)
France

%)WILEY-BLACKWELL

A John Wiley & Sons, Ltd., Publication



This edition first published 2013 © 2013 by Blackwell Publishing Ltd.

Blackwell Publishing was acquired by John Wiley & Sons in February 2007. Blackwell’s publishing program has been
merged with Wiley’s global Scientific, Technical and Medical business to form Wiley-Blackwell.

Registered office: John Wiley & Sons, Ltd, The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

Editorial offices: 9600 Garsington Road, Oxford, OX4 2DQ, UK
The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK
2121 State Avenue, Ames, lowa 50014-8300, USA

For details of our global editorial offices, for customer services and for information about how to apply for permission
to reuse the copyright material in this book please see our website at www.wiley.com/wiley-blackwell.

The right of the authors to be identified as the authors of this work has been asserted in accordance with the UK
Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or transmitted, in any
form or by any means, electronic, mechanical, photocopying, recording or otherwise, except as permitted by the UK
Copyright, Designs and Patents Act 1988, without the prior permission of the publisher.

Designations used by companies to distinguish their products are often claimed as trademarks. All brand names and
product names used in this book are trade names, service marks, trademarks or registered trademarks of their
respective owners. The publisher is not associated with any product or vendor mentioned in this book. This publication
is designed to provide accurate and authoritative information in regard to the subject matter covered. It is sold on the
understanding that the publisher is not engaged in rendering professional services. If professional advice or other
expert assistance is required, the services of a competent professional should be sought.
Library of Congress Cataloging-in-Publication Data
Genetically modified and non-genetically modified food supply chains : co-existence and traceability / edited by
Yves Bertheau, Research Director, Institut National de la Recherche Agronomique (INRA), France.
pages cm

Includes bibliographical references and index.

ISBN 978-1-4443-3778-5

1. Genetically modified foods. 2. Food supply. I. Bertheau, Yves, editor of compilation.

TP248.65.F66G4573 2012

664—dc23

2012010718

A catalogue record for this book is available from the British Library.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may not be
available in electronic books.

Cover images (clockwise): © iStockphoto.com/YangYin; © iStockphoto.com/webphotographeer; © iStockphoto.com/
AVTG; © iStockphoto.com/sansubba; © iStockphoto.com/Tupungato; © iStockphoto.com/R-J-Seymour;

© iStockphoto.com/4774344sean; © iStockphoto.com/TommL

Cover design by www.hisandhersdesign.co.uk

Set in 9.5/12 pt Times by Toppan Best-set Premedia Limited
Printed and bound in Malaysia by Vivar Printing Sdn Bhd

1 2013



Genetically Modified and
Non-Genetically Modified Food
Supply Chains:
Co-Existence and Traceability



This book is dedicated to:
Sylvie who illuminates my life and supports me every day,

my parents and grandparents without whom nothing would have been.

Yves Bertheau



List of Contributors

T. Allnutt
The Food and Environment Research Agency, York, UK

F. Angevin
Institut National de la Recherche Agronomique (INRA),
Thiverval-Grignon, France

S. Anvar
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

A. Audran
Arvalis — Institut du végétal, Montardon, France

M. Ayadi
Institut National de la Recherche Agronomique (INRA),
Versailles, France

V. Baeten
CRA-W, Centre wallon de Recherches agronomiques,
Gembloux, Belgium

C. Bahrdt
Eurofins GeneScan GmbH, Freiburg, Germany

N. Bargues
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

S. Baumler
Eurofins GeneScan GmbH, Freiburg, Germany

G. Bellocchi

JRC-IHCP, European Commission Joint Research
Centre, Institute for Health and Consumer Protection-
Molecular Biology and Genomics, Ispra, Italy

G. Berben
CRA-W, Centre wallon de Recherches agronomiques,
Gembloux, Belgium

Xiii

K.G. Berdal
National Veterinary Institute, Oslo, Norway

Y. Bertheau
Institut National de la Recherche Agronomique (INRA),
Versailles, France

J. Bez

FhG-IVYV, Fraunhofer-Gesellschaft zur Forderung
der angewandten Forschung, Institute of Process
Engineering and Packaging, Freising, Germany

A. Blejec
National Institute of Biology, Ljubljana,
Slovenia

M. Bohanec

JoZzef Stefan Institute, Department of Knowledge
Technologies, Ljubljana, Slovenia; University of Nova
Gorica, Nova Gorica, Slovenia

J. Bohlin
National Veterinary Institute, Oslo, Norway

M. Bonin
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

R. Bourgier
Institut National de la Recherche Agronomique (INRA),
Thiverval-Grignon, France

K. Boutilier

Bioscience Business Unit, Plant Research International,
Wageningen University and Research Center,
Wageningen, Netherlands

C. Bgydler Andersen
National Veterinary Institute, Oslo, Norway



Xiv List of Contributors

C. Brera
ISS, National Institute of Health, Rome, Italy

P. Brodmann
Biolytix, Witterswil, Switzerland

Y. Brunet
Institut National de la Recherche Agronomique (INRA),
Villenave d’Ornon, France

M. Buh Gasparic
National Institute of Biology (NIB), Department of
Biotechnology and Systems Biology, Ljubljana, Slovenia

M. Burns
Laboratory of the Government Chemist, Analytical
Technology, London, UK

A.M. Burrel
Laboratory of the Government Chemist, Analytical
Technology, London, UK

K. Cankar
National Institute of Biology (NIB), Department of
Biotechnology and Systems Biology, Ljubljana, Slovenia

G. Canselier
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

Z. Cergan (Deceased)
Agricultural Institute of Slovenia, Ljubljana, Slovenia’

M. Chaouachi
Institut National de la Recherche Agronomique (INRA),
Versailles, France

N. Colbach
Institut National de la Recherche Agronomique (INRA),
Dijon, France

F.C. Coléno
Institut National de la Recherche Agronomique (INRA),
Thiverval-Grignon, France

A. Coll
Institute of Agro-Food Technology INTEA, Universitat
de Girona, Girona, Spain

¥ (deceased).

J. Copeland
The Food and Environment Research Agency, York, UK

M. Costa-Font
CREDA-UPC-IRTA, Barcelona, Spain

H. Darmency
Institut National de la Recherche Agronomique (INRA),
Dijon, France

J. Davison
Institut National de la Recherche Agronomique (INRA),
Versailles, France (retired)

S. Dayau
Institut National de la Recherche Agronomique (INRA),
Villenave d’Ornon, France

R.A. de Maagd

Bioscience Business Unit, Plant Research International,
Wageningen University and Research Center,
Wageningen, Netherlands

M. de Giacomo
ISS, National Institute of Health, Rome, Italy

M. de Vivo
ISS, National Institute of Health, Rome, Italy

M. Debeljak
Jozef Stefan Institute, Ljubljana, Slovenia

S. Delage
Institut National de la Recherche Agronomique (INRA),
Villenave d’Ornon, France

S. Desmoulin
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

M. Desquilbet
Toulouse School of Economics and Institut National de
la Recherche Agronomique (INRA), Toulouse, France

D. Dobnik
Dept. of Biotechnology and Systems Biology,
National Institute of Biology, Ljubljana, Slovenia

S. Dupont
Institut National de la Recherche Agronomique (INRA),
Villenave d’Ornon, France



List of Contributors XV

M. Eeckhout

Department of Food Science and Technology, Faculty of
Applied Bio-Sciences Engineering, University College
Ghent, Belgium

J. Escobar
Laboratoire d’ Aérologie, Toulouse, France

T. Esteve

Centre de Recerca en Agrigenomica (CRAG), Barcelona,
Spain; Consorci CSIC-IRTA and IBMB-CSIC,
Barcelona, Spain

J.A. Fernandez Pierna
CRA-W, Centre wallon de Recherches agronomiques,
Gembloux, Belgium

X. Foueillassar
Arvalis — Institut du végétal, Montardon, France

R. Freyer
Eurofins GeneScan GmbH, Freiburg, Germany

A. Gabriel
Straubing Center of Science, Weihenstephan-Triesdorf
University of Applied Sciences, Germany

D. Garrigou
Institut National de la Recherche Agronomique (INRA),
Villenave d’Ornon, France

G. Ghezan
INTA, Instituto Nacional de Tecnologia Agropecuaria,
Argentina

JM. Gil
CREDA-UPC-IRTA, Barcelona, Spain

E. Glon

Lille University of Science and Technology, Department
of Geography and Town and Country Planning, TVES
laboratory, Villeneuve d’Ascq, France

R. Green
Institut National de la Recherche Agronomique (INRA),
Ivry-sur-Seine, France (retired)

K. Gruden
Department of Biotechnology and Systems Biology,
National Institute of Biology (NIB), Ljubljana, Slovenia

N. Gryson

Department of Food Science and Technology, Faculty of
Applied Bio-Sciences Engineering, University College
Ghent, Belgium

D. Guyon
Institut National de la Recherche Agronomique (INRA),
Villenave d’Ornon, France

M. Gylling
FOI, Institute of Food and Resource Economics,
University of Copenhagen, Denmark

S. Hamels
EAT, Eppendorf Array Technologies SA, Namur,
Belgium

J.K. Hammitt
Harvard Center for Risk Analysis, Harvard School of
Public Health, Harvard University, Boston, USA

M.-A. Hermitte
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

A. Holck
Nofima mat AS, Aas, Norway

A. Holst-Jensen
National Veterinary Institute, Oslo, Norway

A. Hiisken

Julius Kiihn Institute, Federal Research Centre for
Cultivated Plants (JKI), Institute for Biosafety of
Genetically Modified Plants, Braunschweig, Germany

E. Janssen
CRA-W, Centre wallon de Recherches agronomiques,
Gembloux, Belgium

K. Kitta
National Food Research Institute, Ibaraki, Japan

B.A. Koch
Institut fiir Zivilrecht, Universitit Innsbruck, Innsbruck,
Austria

E.J. Kok
RIKILT Wageningen UR, Wageningen, The
Netherlands



Xvi List of Contributors

P. Kozjak
Agricultural Institute of Slovenia, Ljubljana, Slovenia

A. Krech
Eurofins GeneScan GmbH, Freiburg, Germany.

A.B. Kristoffersen
National Veterinary Institute, Oslo, Norway

B.-J. Kuo
National Chung Hsing University, Taichung, Taiwan

B. Kuznetzov
Center Bioengineering RAS, Russia

J.L. La Paz
Centre de Recerca en Agrigenomica CSIC-IRTA-UAB
(CRAG), Barcelona, Spain

C. Lac
CNRM, Météo-France, Toulouse, France

A. Langlais
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

A. Larsen
FOI, Institute of Food and Ressource Economics,
University of Copenhagen, Denmark

V. Laval

Institut National de la Recherche Agronomique (INRA),

Versailles, France

R. Layadi
Conseil Régional de Bretagne, Rennes, France

M. Le Bail

Institut National de la Recherche Agronomique (INRA),

and AgroParisTech, Thiverval-Grignon, France

J. Lecomte

Université Paris-Sud; CNRS, Orsay, and AgroParisTech,

Paris, France

B. Lécroart

Institut National de la Recherche Agronomique (INRA),

Thiverval-Grignon, France

C.-H. Lee
Rural Development Administration, Suwon, Korea

D. Lee

National Institute of Agricultural Botany, Cambridge,
UK

S-H. Lee
National Agricultural Products Quality Management
Service, Korea

S. Leimanis
EAT, Eppendortf Array Technologies SA, Namur,
Belgium

F. Leprince
Arvalis — Institut du végétal, Montardon, France

M. Lgvoll
National Veterinary Institute, Oslo, Norway

A. Lgvseth
National Veterinary Institute, Oslo, Norway

J. Luis La Paz
Consorci CSIC-IRTA and IBMB-CSIC, Barcelona,
Spain

R. Macarthur

The Food and Environment Research Agency, York, UK

M. Maciejczak
Warsaw University of Life Sciences - SGGW, Poland

A. Malcevschi
Department of Environmental Sciences, University of
Parma, Parma, Italy

N. Marmiroli
Department of Environmental Sciences, University of
Parma, Parma, Italy.

M. Mazzara

JRC-THCP, European Commission Joint Research
Centre, Institute for Health and Consumer Protection,
Ispra, Italy

V. Megli¢
Agricultural Institute of Slovenia, Ljubljana, Slovenia

E. Melé
Centre de Recerca en Agrigenomica (CRAG),
Barcelona, Spain



List of Contributors XVii

K. Menrad
Straubing Center of Science, Weihenstephan-Triersdorf
University of Applied Sciences, Germany

A. Messéan
Institut National de la Recherche Agronomique (INRA),
Thiverval-Grignon, France

J. Messeguer
Centre de Recerca en Agrigenomica (CRAG),
Barcelona, Spain

M. Miraglia
ISS, National Institute of Health, Rome, Italy

J. Milanesi
Toulouse School of Economics and Institut National de
la Recherche Agronomique (INRA), Toulouse, France

D. Morisset

Department of Biotechnology and Systems
Biology, National Institute of Biology, Ljubljana,
Slovenia

A. Nadal

Centre de Recerca en Agrigenomica (CRAG),
Barcelona, Spain; Institute of Agro-Food Technology
INTEA, Universitat de Girona, Girona, Spain

A. Nemeth
Eurofins GeneScan GmbH, Freiburg, Germany

C. Noiville
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

R. Oger
University of Parma, Italy

R. Onori
ISS, National Institute of Health, Rome, Italy

E. Palmaccio
ISS, National Institute of Health, Rome, Italy

N. Papazova

Scientific Institute of Public Health (IPH), Section
Biosafety and Biotechnology, Brussels, Belgium; ILVO,
Institute for Agricultural and Fisheries Research,
Merelbeke, Belgium

E. Parlouer
Service Commun des Laboratoires, Strasbourg, France

V. Pelaez
Universidade Federal do Parand, Parana Institute of
Technology (Tecpar), Brazil

N. Pensel
INTA, Instituto Nacional de Tecnologia Agropecuaria,
Argentina

J.-P. Pinty
Laboratoire d’Aérologie, Toulouse, France

M. Pla

Centre de Recerca en Agrigenomica (CRAG), Barcelona,
Spain; Institute of Agro-Food Technology INTEA,
Universitat de Girona, Girona, Spain

D. Plan

JRC-IHCP, European Commission Joint Research
Centre, Institute for Health and Consumer Protection,
Ispra, Italy

V. Planchon

CRA-W, Centre wallon de Recherches agronomiques,
Unit of Biometry, Data processing and Agrometeorology,
Belgium

S. Poret

Institut National de la Recherche Agronomique (INRA),
Ivry-sur-Seine, and Ecole Polytechnique, Palaiseau,
France

E. Prantera
ISS, National Institute of Health, Rome, Italy

T.W. Prins
RIKILT Wageningen UR, Wageningen, The
Netherlands

J. Remacle
EAT, Eppendorf Array Technologies SA, Namur,
Belgium

P. Richl
Eurofins GeneScan GmbH, Freiburg, Germany

R. Rocha dos Santos
UNIBRASIL-QUIS, Parand, Brazil



Xviii List of Contributors

K. Rostohar
Agricultural Institute of Slovenia, Ljubljana,
Slovenia

R.B. Rud
National Veterinary Institute, Oslo, Norway

T. Ruttink
ILVO, Institute for Agricultural and Fisheries Research,
Merelbeke, Belgium

C. Skjaeret
National Veterinary Institute, Oslo, Norway

L-G. Soler
Institut National de la Recherche Agronomique (INRA),
Ivry sur Seine, France

J. Soukup

Department of Agroecology and Biometeorology,
Faculty of Agrobiology Food and Natural Resources,
Czech University of Life Sciences, Prague, Czech
Republic

G.R. Squire
James Hutton Institute, Dundee, UK

M. Stolze
FiBL, Forschungsinstitut fiir Biologischen
Landbau,Switzerland

J. Sustar-Vozli¢
Agricultural Institute of Slovenia, Ljubljana,
Slovenia

M. Tachikawa
Ibaraki University, Ibaraki, Japan

C. Tapia
INTA, Instituto Nacional de Tecnologia Agropecuaria,

Argentina

I. Taverniers

Institute for Agricultural and Fisheries Research (ILVO),

Technology and Food Sciences Unit, Merelbeke,
Belgium

T. Tengs
National Veterinary Institute, Oslo, Norway

R.B. Tranter
School of Agriculture, Policy and Development,
University of Reading, Reading, UK

S. Trapmann

JRC-IRMM, European Commission Joint Research
Centre, Institute for Reference Materials and
Measurements, Geel, Belgium

A. Trouillier
Institut National de la Recherche Agronomique (INRA),
Ivry sur Seine, France

P. Tulet
CNRM, Météo-France, Toulouse, France

G. Ujhelyi
RIKILT Wageningen UR, Wageningen, The
Netherlands

H. Valdivia
Laboratory of the Government Chemist, Analytical
Technology, London, UK

M. Van den Bulcke
Scientific Institute of Public Health, Brussels,
Belgium

G. Van den Eede

JRC-IHCP, European Commission Joint Research
Centre, Institute for Health and Consumer Protection,
Ispra, Italy

J.P. van Dijk
RIKILT Wageningen UR, Wageningen, The
Netherlands

J.C. Varela
Centre de Recherche en Droit des Sciences et
Techniques, Université Paris I, CNRS, Paris, France

J. Vojvoda

National Institute of Biology (NIB), Department of
Biotechnology and Systems Biology, Ljubljana,
Slovenia

B. Vrscaj
Agricultural Institute of Slovenia, Ljubljana,
Slovenia



List of Contributors Xix

W.W. Wilson
North Dakota State University, Department of
Agribusiness and Applied Economics, Fargo, USA

D. Wulff
Eurofins GeneScan GmbH, Freiburg, Germany

L. Yang
Shanghai Jiao Tong University, Shanghai, China

J. Zel
National Institute of Biology (NIB), Department of
Biotechnology and Systems Biology, Ljubljana, Slovenia

D. Zhang'
Shanghai Jiao Ton University, Shanghai, China

D. Zhang’
Groupe d’Etude et de contrdle des Variétés et Semences,
laboratoire BIOGEVES, Le Magneraud, France

H. Zhang
National Veterinary Institute, Oslo, Norway; Shanghai
Jiao Tong University, Shanghai, China

M. Znidarsi¢
JoZzef Stefan Institute, Ljubljana, Slovenia



Foreword

In 1983, three reports from the University of Gent, the
University of Washington, and the Monsanto Company
showed that the Ti plasmid of Agrobacterium tumefaciens
could be used to transfer foreign DNA into the plant
genome, thus producing the first genetically modified
(GM) plants. This discovery had enormous implications
for plant genetics and agriculture. In the last 20 years, plant
biotechnology has grown into a multi-billion dollar inter-
national industry while GMOs are cultivated on about 150
millions of hectares in around 25 countries.

Europe cultivates only a small amount of GM-crops
(mainly GM-maize grown in Spain), though this is likely
to increase in the future. This is particularly due to the
European consumers’ reluctance towards GM-derived
foods. The freedom of choice of European consumers has
been considered by the European Commission and the
Member States through a legislative frame enabling the
labelling of food and feed derived from, or consisting of,
GMOs. In counterpart, the freedom of producers to grow
either GMO, conventional or organic products is main-
tained by co-existence measures along the full supply
chain, that is from seed production to the retailers’ shelves.

To develop accurate product labelling and to determine
a sustainable co-existence framework, several national
and European research projects have been launched. The
European research programs such as QPCRGMOFood
and GMOChips focused first on GMO traceability and
detection methods, then on co-existence issues with
SIGMEA, Transcontainer and Co-Extra.

Co-Extra was for 4.5 years (2005-2009) the largest
European research project on co-existence and traceability
among supply chains. Co-Extra comprised 53 partners
from 18 countries with more than 200 scientists with their
teams. This program embraced technical, legal and socio-
economic issues, starting from seed production, with ques-
tions on the availability of non-GM varieties in the
long-term, to the economic costs of traceability, with

XX1

pollen flow studies and detection of unapproved GMOs as
some examples of the work done. Numerous papers have
already been published by Co-Extra while several more
detailed deliverables are available from the website.

However, after such important research, it was thought
necessary to present an overview of the work done and of
the results obtained through the present book.

Several non-Co-Extra authors were also asked to
provide us with a summary of the results of SIGMEA and
Transcontainer, modelling results not studied in the project,
traceability in non-European countries with labelling
policies as well as their views on, for example, GMO-free
areas. Indeed, Co-Extra results show that the operators use
a practical threshold of 10% of the 0.9% legal labelling
threshold. This changes the paradigm of co-existence,
from a flexible co-existence scheme to a dedicated produc-
tion area co-existence frame. Up to now, this co-existence
scheme has not been completely finalised so that technical,
legal, and societal questions remain unsolved.

It is thus my pleasure to introduce this book where
numerous questions find solutions, even though several
others remain.

To conclude this foreword, I would like to remind
readers that all the issues covered by GM and non-GM
supply chain co-existence and traceability have important
applications in other food and feed chain traceability areas.
For instance, the strategies for detecting unapproved and
unknown GMOs may be used in clinical microbiology or
biodefense while the increase in the accuracy of detection
methods is useful in all other areas such as gene expres-
sion. In this way, the co-existence and traceability studies
of GM and non-GM supply chains contribute to the
improvement of both basic and applied research, as well
as to the safety and quality of food chains.

Guy Riba
Vice-Chairman of INRA
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