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Preface 
 

 
Due to the revolution in molecular biology we 
have arrived at a time when we, knowing the 
genetic information, are able to isolate the 
genetic code of a trait and define its structure, 
moreover, we can introduce such genetic 
material into other living beings, making the 
characteristics manifested. This gene 
technological modification can now be 
performed almost routinely in molecular biology 
laboratories, enabling the creation of genetically 
modified organisms, the GMOs. Interestingly 
enough, while the use of such genetically 
engineered microbes in industrial processes 
(production of detergents) or the 
pharmaceutical industry is not argued by most 
of the societies, the public opinion is divided on 
their application in agriculture. It is undeniable 
that most of the society cannot really 
understand the new technology or they have 
limited information in the field, which generates 
antipathy. Even the middle-aged generation of 
today was not taught in school of the results and 
findings of molecular biology, therefore, the 
aversion for the topic is quite understandable. 
This phenomenon is even more enhanced by 
the sensation-hunting attitude of the electronic 
and printed media. The media focuses mainly 
on shocking events and generalises on the basis 
of individual happenings, and they also tend to 
give misinformation. In an interview, Professor 
Pál Venetianer gave a witty description of the 
media’s position by making the following 
comparison: “the media asks the Hungarian 
King Kálmán “the Book-lover”, the Pope and 
the American Academy of Sciences if witches 
exist. All of them claim that witches do not exist. 
On the contrary, auntie Mary from Oak street 
states she saw one. Thus, the public service-
minded impartial journalist cannot decide on 
the question”. From this behaviour it can be 

clearly seen that the average reader obtained 
information of all sides and can choose which 
viewpoint to accept. It is also well-known that a 
piece of news published in a newspaper is only 
valuable if it increases the number of papers 
sold, irrespective of whether it is true or not. 
This is the reason why the sensational 
announcement that Austrian scientists found 
that the sexual potency of rats fed on genetically 
modified maize decreased was on the cover 
pages of newspapers. However, the fact that the 
government measure taken by the Austrian 
government on the basis of this news had to be 
withdrawn because it turned out that the 
announcement was scientifically unjustified was 
not published even briefly as such information 
was not interesting enough for the media. As a 
consequence, the readers – especially those 
opposing the technology – will only remember 
the original false news which they will then 
unceasingly quote as a fact. Several other 
examples of similar news could be recited. The 
responsibility of science includes the provision 
of accurate and exact information to the society 
on the developed technology. The present 
meeting is intended to serve this aim to discuss 
the controversy in connection with GMOs. This 
publication contains the written version of the 
lectures given. We hope that this helps us accept 
and interpret without sensations and emotions 
the potentials provided by gene technology, 
which we think are also needed in agriculture in 
order to ensure its sustainable development and 
the food safety for future generations. 
 
28 September 2010 
 
 

Ervin Balázs 
Pannonian Plant Biotechnology Association 
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1. GM Techniques and „Exercises” 
 

László Sági 
Agricultural Research Institute of the HAS, Martonvásár 

 
 

1. Introduction 
 
Life scientists often believe that communicating 
technical details on their subject – in this case 
the production of genetically modified (GM) 
plants – is so interesting by itself that it will 
inevitably convince a reluctant or ignorant 
public, and as a result, people will be happy to 
convert to their 'discoveries'. In our situation, 
this would eventually mean mass of people 
purchasing and consuming GM products. 
That this notion has been a failure and wishful 
thinking rather than a reality can be best 
demonstrated by the present anti-GM attitude 
in a number of EU countries as well as by a 
strong 'no' to cultivation, processing and sale of 
GM crops. Hungary (and some of the 
neighbouring countries) is no exception to this 
kind of public reaction, which is partially due to 
the not-so-neutral presentation of GM issues in 
national and local media (see Chapter 4). 
While the dissemination of scientific 
information on the GM subject may not have 
been very successful in the popular media, it is 
definitely justified in higher education of future 
experts in the field as well as in training of skilled 
farmers and plant breeders. 
In this chapter, I will therefore give a concise 
overview on: (i) the major techniques currently 
employed for GM plant generation, and (ii) the 
principles and practice on how to make these 
techniques ever more efficient and acceptable 
for the industry and the public alike. 
Since this review is meant to deal with the 
technicalities of genetic modification, I will not 
touch on further topics like the traits to be 
improved (see Chapter 2), the economical value 
of current GM products (see Chapter 3) or 
public awareness (see Chapters 4 and 5). 
 

 
2. GM techniques and principles 
 
Let me start with pointing to the strikingly 
similar mechanism nature developed and 
science adapted for plants to maintain or 
increase genetic variation by (re-) combination 
of genes. 
In nature, the germinating pollen (male 
gametophyte) bores in the pistil a channel, the 
pollen tube, to the vicinity of the egg cell, which 
is naturally receptive to exogenous DNA. Via 
this channel, a few picograms of DNA are 
transported within a sperm cell into the egg 
(Figure 1). This DNA is distributed in the 
course of the cell cycle into self-replicating 
packages (the chromosomes) that each contain 
a few thousands of genes out of several tens of 
thousands in total. The length of a chromosome 
is in the range of 10-1000 x 106 basepairs (Mbp). 

 
Figure 1. The delivery of DNA in plants via 
fertilization (source: 
www.biologyjunction.com/plant_reproduction.
htm). 
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Scientists do nothing substantially different 
during genetic modification. Since egg cells are 
deeply embedded (Figure 1) and not easily 
accessible at a large number, science relies on 
the inducible totipotency (reversible 
developmental program) of plants. This 
capacity enables many (but not all) types of 
plant cells to reproducibly generate de novo an 
entire differentiated organism under defined 
and controlled (usually in vitro) culture 
conditions. Thus, the range of target cells for 
gene transfer extends beyond egg cells, which is 
also needed as plant regeneration frequencies in 
vitro are comparatively lower than from a zygote 
(fertilized egg cell). The most widespread 
application of this tissue culture technology is 
the mass multiplication (micropropagation) of 
ornamental or herb plants. 
Next, scientists also create by various means an 
entry point in the plant cell for the DNA 
through the cell wall and the underlying 
membrane. This is – just as in nature – a micro-
channel, which can be 'constructed' either by a 
tiny bullet (microparticle bombardment), a 
molecular 'drilling platform' (Agrobacterium), an 
electric impulse (electroporation), or a very fine 

needle (microinjection), just to name a few 
alternatives. Thereafter, another (smaller than 
chromosomes) self-replicative DNA package, a 
plasmid or just a part of it, is integrated into the 
plant genome. Plasmids usually contain a small 
number of well-defined genes and their length 
ranges between 10-1000 x 103 basepairs (kbp). 
 
From a technical point of view, three major 
components of successful gene transfer in plants 
can be extracted from the processes described 
above: 
- regenerable target tissue (i.e. 'where to insert'), 
- functional gene construct ('what to insert'), 
- efficient transfer method ('how to insert'). 
 
Concerning the targets (explants) for gene 
transfer there appears no limit due to the 
referred totipotency of plant cells. From 
protoplasts, i.e. single cells made 'naked' 
enzymatically (Figure 2A), via cell aggregates 
shaken in suspension (Figure 2B) to dissected 
immature embryos (Figure C) or leaf discs 
(Figure D) any tissue type can be genetically 
modified as long as it can be regenerated to 
plants. 

 
Figure 2. Different types of target cells and tissues for genetic modification. (A) Protoplasts freshly 
isolated from cyclamen embryogenic cell cultures (Prange et al. 2010), (B) cell aggregates in cultured 
banana embryogenic suspensions (bar = 200 μm, Strosse et al. 2006), (C) freshly excised immature 
maize embryo (bar = 1 mm, Petrillo et al. 2008), (D) disc pieces dissected from tobacco leaf blade 
(Stone 2002) 
 
However, not only single cells or tissue pieces 
can serve as targets for gene transfer but (in 
some species) intact plants or their organs (e.g. 
flowers) as well. This in planta transformation 

approach eliminates the need for costly tissue 
culture and brings genetic modification out of 
the sterile laboratory to a closed containment 
(e.g. greenhouse) (Figure 3). 
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Figure 3. In planta transformation of Arabidopsis thaliana. Flowering plants (A) are immersed upside-
down into transformation (Agrobacterium) suspension (B), then incubated for 1 day while wrapped in 
plastic film (C), and allowed to mature (D) for 1 month (Zhang et al. 2006). 
 
About functional gene constructs. I focus here 
just on the essence. In order to execute a 
function a gene must have two components. 
The first one is the coding region that carries the 
information for a transcribed RNA and (though 
not necessarily) for a translated protein 
molecule. The second component is a set of 
regulatory DNA sequences that are responsible 
for the start, execution and termination of RNA 
transcription from the coding region and for 
subsequent editing the transcript. These 

regulatory sequences are usually located 
adjacent to the coding region (e.g. the promoter 
and terminator) or are inserted in it (introns). 
The length of a functional gene is roughly 
between 1-100 x 103 basepairs. The structure of 
a gene is analogous to a simple electric circuit: 
the coding region serves as the bulb with its 
function to deliver light and the promoter 
represents the switch that turns on the bulb 
(Figure 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Schematic structure of a gene that consists of a region (working like a bulb) coding for RNA 
(and protein) as well as of regulatory signals (promoter and terminator) acting as a molecular switch. 
The promoter region contains conserved domains (dark blue boxes), which anchor DNA-binding 
proteins (cis-acting factors) required for bending DNA into a functional spatial conformation. 
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Certain 'reporter' genes are really able to trigger 
light emission in plants when connected to a 
suitable genetic switch. Spectacular examples 
are the luciferase (luc) gene from firefly (Figure 

5A) and the green fluorescent protein (gfp) gene 
from jellyfish (Figure 5B), which are used for 
convenient and sensitive detection of transgenic 
plant cells and tissues. 

 
Figure 5. Bioluminescent and fluorescent reporter genes in GM plants. (A) Expression of firefly 
luciferase in the rosette stage of a young Arabidopsis plant (Lopez-Huertas et al. 2000), (B) pattern of 
green fluorescent protein expression in Arabidopsis capsules (siliques) containing seeds (Stuitje et al. 
2003). 
 
The main subject of this chapter, gene transfer 
techniques, is discussed in detail separately in the 
next section. Other essential elements of gene 
transfer, such as selection of transgenic cells and 
definitive proofs for successful transformation 
are also highlighted below. 
 
2.1. Gene transfer techniques 
 
During the three-decade past of GM plants a 
large number of gene transfer protocols have 
been developed or attempted. These methods 
are usually distinguished as direct or indirect 
ones. Direct gene transfer means that a target 
gene (or genes) is introduced as pure DNA in 
combination with a physical or chemical 
treatment aimed at facilitating DNA entrance 
into plant cells. Direct gene transfer can be 
mediated – among others – by microparticle 
bombardment, electroporation, microinjection, 
sonication, silicon carbide fibers or polyethylene 

glycol treatment. In contrast, indirect gene 
transfer is based on intermediate organisms that 
serve as biological Trojan horse for the genes to 
be transferred. Among these vector organisms 
are a number of bacterial species belonging to 
the Rhizobiaceae family (e.g. Agrobacterium sp.) 
in the alphaproteobacteria class or several 
viruses (e.g. barley stripe mosaic hordeivirus, 
brome mosaic bromovirus, tobacco rattle 
tobravirus, etc., for non-integrative expression). 
 
Despite of this wide range of transformation 
tools, routine gene transfer in most plant species 
has been simplified mainly to two techniques: 
microparticle bombardment and Agrobacterium-
mediated gene transfer (thus, representing 
direct and indirect methods, respectively), 
which will be highlighted in the following 
sections. 
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An ideal gene transfer method should fulfill a 
few essential criteria: 
- versatility: simultaneous introduction of 
multiple genes in linked (long DNA insertion) 
or unlinked position (co-transformation for 
subsequent segregation, see 3.3), 
- simple integration pattern and stable gene 
expression in different lines and their progenies, 
- controlled, site-specific integration (gene 
targeting), 
- simplicity, low cost and efficiency, 
- universality: species- and genotype 
independence. 
Both the above techniques satisfy a great deal of 
these conditions, but commonly come short of 
gene targeting. However, this is less of a 
technical nature than an intrinsic resistance of 
higher plants to gene targeting due to an 
unusually low frequency of homologous 
recombination. 
 
2.1.1. (Micro)particle bombardment 
('biolistics', or 'particle gun' or 'gene gun') 
 
The term refers to the high-pressure 
acceleration of micrometer-sized heavy metal 
particles coated with exogenous DNA (plasmid 
or PCR product) into plant cells or tissues. The 
coated microparticles penetrate through the cell 

wall like a bullet and thus carry the DNA inside 
the cell, where – via a largely unknown 
mechanism – it will integrate into the nuclear 
and/or organellar DNA. 
 
Initially, in the late 1980s, the coated 
microparticles were literally loaded into 
modified pistols or guns, but later on several 
sophisticated (Figure 6A) or simplified but 
equally efficient (Figure 6B and 6D) designs 
were developed. Here, particle speed can reach 
Mach 1 (the speed of sound) and acceleration is 
driven by releasing compressed inert gas, usually 
helium or nitrogen, in the presence of partial 
vacuum. 
 
Besides the usual biological factors (such as the 
DNA vector construct, the age and pretreatment 
of plant explants), numerous specific parameters 
need to be optimized with this method: gas 
pressure (in the range of 5-80 bar, depending on 
the design), flying distance (5-10 cm), amount 
of DNA (in the order of 1 μg), type and size of 
microparticles (tungsten or gold, in the order of 
1 μm), particle/DNA ratio, etc. Also, the DNA 
coating procedure has to be reproducible, which 
can be controlled by simple staining with any 
intercalating fluorescent stain (Figure 6C). 

 
Figure 6. Gene transfer via microparticle bombardment. (A) A standard equipment: Biolistic® PDS-
1000/He, (B) scheme of an alternative: home-made particle inflow gun (Sági et al. 1995), (C) DNA 
coating on tungsten microparticles visualized by Hoechst 33258 fluorescent stain (Sági et al., unpubl.), 
(D) ß-glucuronidase (GUS) reporter gene expression in embryogenic cells after microparticle 
bombardment with the particle inflow gun shown above (bar = 300 μm, Sági et al. 1995). 
 
While the relatively high cost (from below 
$1000 to well above $10,000), moderate 

throughput (50-100 shots/day) and the serious 
damage caused to plant explants has turned 
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microparticle bombardment less attractive, its 
relative independence of species and genotype 
makes it especially useful for specific plant 
species and applications (e.g. plastid 
transformation, see 3.1). For these reasons, this 
method will definitely continue to have an 
important role in plant transformation 
technology. 
 
2.1.2. Agrobacterium-mediated gene transfer 
 
A few species of the bacterial family 
Rhizobiaceae are famous natural genetic 
manipulators, which can interfere with 
compatible host plants and 'force' them to enter 
into a symbiotic (several Rhizobium sp.) or 
pathogenic (Agrobacterium tumefaciens, A. 
rhizogenes, A. rubi and A. vitis) interaction. 
Agrobacteria are well-known examples in this 
family as they are able to perform the unique 
feat of interkingdom gene transfer (from 
bacteria to plants, and in fact many other 
organisms with cell nucleus) in combination 
with simultaneous protein transfer. It is 
accomplished by a precisely engineered process 
that consists of five main steps (Figure 7): 

(i) chemotaxis and attachment to wounded 
plant cells, 
(ii) activation of a two-component sensor 
system in bacterial cells to release transfer-DNA, 
(iii) assembly of a 'chunnel' (pilus) for gene 
transfer between bacterium and plant, 
(iv) assembly and transfer of a DNA-protein 
complex into the plant cell, 
(v) transfer of this complex into the nucleus and 
DNA integration into the plant genome. 
 

The genome of A. tumefaciens consists of four 
main elements, two types of chromosomes 
(circular and linear) and two circular plasmids. 
This is still the only species known to have this 
peculiar genome organization. In general, 
chromosomal genes play a major role in 
motility, sensing as well as adaptation, while 
genes located on the plasmids are responsible 
for infection and DNA transfer. Interesting and, 
from our point of view, essential is the task 
division on one of the plasmids (Ti): the 
transferred (T-)DNA region is separated from 
the virulence (vir) genes that orchestrate its 
excision, assembly and transfer. 
 

 
Figure 7. Major phases of the natural Agrobacterium transformation process. Blue cells correspond to 
motile (with a flagellum) or attached agrobacteria that contain chromosomal DNA and the circular, 
tumor-inducing (Ti) plasmid. The green box depicts a plant cell comprising a nucleus (yellow circle) and 
genomic DNA, where the transferred bacterial T-DNA (red fragment) is transported and integrated into 
(Pérez Hernández and Sági, unpubl.). 
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The 'purpose' (in the teleological sense of the 
word) of the above process for agrobacteria is to 
colonize vulnerable plant cells and transform 
them into cellular factories that produce carbon 
and nitrogen resources in the form of modified 
(condensated secondary) amino acids, called 
opines. To this end, on the transferred DNA 
segment (T-DNA) are located genes that 
encode specific enzymes to reprogram the 
hormonal metabolism of plant cells into 
proliferation and other enzymes to catalyze the 
biosynthesis of opines inside the modified cells. 
As a result, a large tumor called 'crown gall' is 
formed on the near- and underground part of 
susceptible plants, which in turn poses a serious 
problem in agriculture, especially in the 
ornamental sector and the viticulture (Figure 8). 

 
Figure 8. Typical Agrobacterium-induced gall 
formation on the collar and tap roots of a rose 
plant (Mullen and Hagan, 1995). 
 
After decennia-long intensive research of the 
Agrobacterium enigma, scientists discovered 
how to turn this natural process in the service of 
mankind. The key to this success was the 
recognition that the T-DNA sequence itself 
does not affect gene transfer, and it is sequences 

outside the T-DNA (such as the vir genes) and 
flanking it (the so-called border regions) that 
are essential and instrumental in this process. 
This means that: (i) the hormone catalytic 
enzyme genes could be removed so that tumor is 
not formed any more, and (ii) opine 
biosynthetic genes could be replaced by any 
other gene(s) that would still be transferred as 
long as they are not expressed or toxic for the 
bacterium. 
 
Technically, the transformation process itself is 
very simple; even a primary school pupil is able 
to execute it. It consists of dipping the plant 
tissue explants (e.g. a leaf piece) into a 
suspension containing culture medium and 
activated bacteria, then blotting the explants dry 
and co-cultivating them for 1-2 days so that gene 
transfer and integration can take place. The 
explants are then placed on antibiotics to kill 
agrobacteria that have done their job and are not 
needed any more; transgenic cells are selected 
(see 2.2) and regenerated in a few steps into 
plants (Figure 9). 
 
Though a complex biological process, 
optimization of a few specific parameters turns 
this method remarkably efficient in the 
laboratory, too. Some of these factors are: 
medium composition for efficient vir gene 
activation, duration and temperature of 
incubation during co-cultivation, bacterial strain 
and plant genotype combination. 

 
Figure 9. Schematic flow of steps in 
Agrobacterium-mediated genetic modification. 
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The main advantage of the Agrobacterium gene 
transfer is simplicity, low cost and efficiency in 
more than hundred plant species. However, 
frequent transfer of non-T-DNA plasmid 
sequences can be regarded as its major 
disadvantage, first of all from a regulatory and 
public point of view. It is not generally known 
that Agrobacterium is also able to insert (part of) 
its chromosomal DNA into plants, albeit at a 
low frequency (ca. 1% of plants transformed 
with T-DNA) yet, which may lay the foundation 
of radically novel transformation procedures in 
the future. 
 
2.2. Selection of transgenic cells 
 
The transfer of recombinant DNA into plants is 
quite inefficient: ca. 1%, i.e. approximately 100 
in 10,000 cells will have the introduced DNA 

integrated and eventually maintain in 
regenerated plants and their progenies. Thus, 
identifying a particular cell with correctly 
incorporated exogenous DNA in an ocean of 
untransformed cells is sometimes akin to finding 
a needle in a haystack. In order to reach and 
regenerate these transgenic cells, a helper gene is 
introduced additionally, which provides 
selective advantage to the cells expressing them. 
These marker genes usually confer resistance to 
antibiotics, such as kanamycin (nptII gene) and 
hygromycin (hph), or to herbicides, such as 
glufosinate (bar or pat) and glyphosate (epsps), 
which all efficiently kill the untransformed cells 
or plants (Figure 10). 
 

 
Figure 10. Selection of transgenic cells and GM plants. (A) Antibiotic selection in vitro: actively growing 
transgenic cell colonies surrounded by dead untransformed cells (Sági et al., unpubl.), (B) herbicide 
selection in the field: resistant GM plants next to untransformed (control) plots sensitive to spraying 
with glufosinate (Miroshnichenko et al. 2007). 
 
For plant breeders, selection – as a long-term 
basic mechanism in evolution – has already 
become an inevitable tool in their programs. 
One can say that the efficiency of the breeding 
process is as low as that of genetic modification: 
only a small fraction of the initially generated 
combinations will enter the phase of advanced 
(C or D) line trials and even less will eventually 

get to registration and commercial production. 
The rest of the material will be discarded and 
destroyed manually and/or mechanically. 
Similarly, in the laboratory only a low number of 
cells will be transgenic and contain the desired 
trait, but it is possible to 'automate' selection by 
eliminating or suppressing untransformed cells 
via chemical treatments (conditional positive 
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selection). Such mechanistic selective tools have 
also been widely employed by breeders, e.g. 
cytoplasmic male sterility in maize, which is 
meant to replace the manual removal of tassels 
during selection of maternal plants for heterotic 
crosses. 
 
Selection marker genes have become an 
important issue for the research and 
development of GM crops. The antibiotic or 
herbicide resistance genes may not be required 
in mature plants, especially when they are to be 
cultivated in field. Several strategies have 
therefore been developed as alternatives and 
tested for the subsequent removal of these genes 
from GM plants (see 3.3). 
 
2.3. Proofs of genetic modification 
 
It is not enough for plant breeders to make a 
series of successful crosses and to select a few 
promising lines, they also have to characterize 
these lines in detail and demonstrate their 
valuable traits. For instance, test inoculations 
with a range of pathogenic races will have to 
reveal which resistance genes are active in the 
candidate varieties. 
Similarly, plant biotechnologists must prove 
unambigously that the gene(s) in their GM 
plants are indeed there and functional, i.e. the 
GM plants exert the desired trait and stably 
maintain it in their progenies. The following 
reliable and multiple proofs are usually required 
to demonstrate successful gene transfer: 
 
- integration (i.e. DNA level), 
- expression (RNA level), 
- activity (protein level). 

GM plants are frequently tested at DNA level by 
the polymerase chain reaction (PCR), which 
multiplies a target sequence to a detectable 
quantity (Figure 11A). It is important to stress 
that classical PCR proves only the presence of a 
specific sequence in the GM plant samples, but 
not its physical integration into a chromosome, 
certainly when surviving agrobacteria can still be 
present within the plants. As to physical 
integration, Southern hybridization and/or a 
modified PCR need to be performed. Southern 
hybridization demonstrates the integration of a 
gene by detecting a (fluorescently, 
immunologically or radioactively) labelled gene 
fragment (probe), which physically binds 
(hybridizes) to the immobilized and denatured 
plant genomic DNA previously resolved by gel 
electrophoresis. The number of detected DNA 
fragments indicates in how many positions the 
exogenous DNA happened to insert in the GM 
plant's genome (Figure 11B). Modified PCR 
methods (e.g. anchored PCR, inverse PCR or 
TAIL-PCR) amplify a flanking (unknown) 
chromosomal region together with part of the 
gene inserted, and the presence of such 'hybrid' 
sequences proves physical incorporation of the 
gene (Pérez Hernández et al. 2006). 
 
As a first step on the road of gene expression, 
RNA transcription of the integrated gene is 
usually shown similarly to as outlined above: 
either by a PCR technique or by hybridization. 
The difference in this case is that total (or 
messenger) RNA is purified either for reverse 
transcription to synthesize cDNA as PCR 
template (RT-PCR) or for binding a labelled 
gene-specific probe (Northern hybridization, 
Figure 11C). 
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Figure 11. Molecular proofs for successful gene transfer in GM plants. (A) PCR: presence of the hph 
antibiotic resistance gene in GM (1-6) and untransformed control (-) banana plants, and in positive 
control (+) plasmid (Sági et al. 1995), (B) Southern hybridization: integration pattern of the GUS 
reporter gene in untransformed control (-) and bombarded GM (1-5) banana plants,  and in positive 
control (+) plasmid (Sági et al., unpubl.), (C) Northern hybridization: (variable) expression of an 
antifungal plant defensin gene in control (-) and GM (1-6) banana plants (Remy 2000), (D) Western 
hybridization: presence of the GFP protein in GM (1-4) sugarcane plants (Schenk et al. 2001). 
 
At protein level, the presence of a translated gene 
product is usually shown by immunodetection 
of labelled antibodies raised against the target 
protein (Western hybridization, Figure 11D). 
Whether the protein is folded in a correct three-
dimensional structure and active is determined 
by biochemical assays (e.g. quantitation of 
enzymatic activity) and/or functional analysis 
(e.g. novel phenotype, disease resistance tests). 
The above steps constitute a routine procedure 
for systematic characterization of GM plants if 
the purpose is the identification of a gene 
function (or a promoter) in a contained 
environment. For open field release or 
commercial applications many more rigorous 
and costly controls are required, which include 
toxicity and allergenicity tests as well as complex 
environmental impact and risk analysis. 
 
To conclude, though the present gene transfer 
procedures are not perfectly refined, they are 
well-characterized, reproducible and efficient 
enough for the mass generation of GM plants on 
a routine laboratory or even commercially viable 
scale. Similarly, none of the current breeding 
schemes are able to deliver ideal cultivars in 
terms of stress adaptation or universal disease 
resistance, yet they are amenable to produce 

improved varieties for commercial cultivation 
and trade. 
Nevertheless, there is plenty of room for further 
methodological advance in plant gene transfer. 
Major bottlenecks still exist, such as removal of 
selection marker genes or use of more 
acceptable alternatives, site-specific integration 
of the target gene(s), etc. Some of these research 
topics will be briefly highlighted in the next 
section. 
 
3. GM practice for technical 
improvements 
 
3.1. A brief terminology 
 
A 'transgenic' plant historically means a GM 
plant containing in its nuclear genome a gene 
(or genes) artificially transferred from an(y) 
other species. However, as the technology 
evolved, various novel GM plant types were 
produced, which called for clarification and new 
definitions. 
In principle, the different elements of a 
transgene (the transferred gene, see also Figure 
4) can come from any organism of unlimited 
evolutionary distance, from viruses via bacteria 
and fungi to animals and related plants or even 
from the actual target species. According to this 
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distance, different classes of GM plants have 
been distinguished (Nielsen 2003): 
- xenogenic, i.e. synthetic or artificial gene 
assembled in the laboratory from diverse 
sources, 
- transgenic, gene is from a phylogenetically 
distant species, e.g. virus, bacterium or insect, 
- linegenic, gene coming from a phylogenetically 
more related species, e.g. a (sexually 
incompatible) different class, 
- famigenic, gene from related species within the 
family, 
- intragenic, gene is exclusively from the same 
(cross-compatible) species. 
 
Since then, the concept of cisgenesis has gained 
widespread familiarity (Schouten et al. 2006): 
cisgenic plants, like intragenic ones, also contain 
genes only from the original (and target) 
species, but this concept is more rigorous. The 
difference is that cisgenic plants have intact 
functional genes moved within the species (for 
instance, a wheat disease resistance gene 
controlled by its own promoter and regulatory 
signals is transferred as a whole from a resistant 
wheat cultivar to a susceptible one), whereas the 
intragenic concept permits free mixing of 
genetic elements into novel functional 
(chimaeric) genes, as long as the source of re-
combined elements remains within the 
boundaries of the same species (for instance, the 
coding region of the above resistance gene 
combined with the promoter of another wheat 
gene to ensure expression of disease resistance 
specifically in the roots). 
 
Obviously, proponents of cis- and intragenesis 
claim that the genetic make-up of these plants is 
not essentially different from that of classically 
bred cultivars, and thus in these cases 
'substantial equivalence' between the two sorts 
of products is perfectly achieved. 

About all these types of GM plants it is assumed 
that the transgene is stably integrated in the 
nuclear genome. However, it is not always true 
because exogenous DNA can also be 
incorporated into different forms of plastids, 
mainly chloroplasts. The standard technique for 
gene transfer into chloroplasts is microparticle 
bombardment (as Agrobacterium targets its T-
DNA into the nucleus), and the resulting plants 
are transplastomic. There are 50 to 100 
chloroplasts in a cell and ca. 100 genome copies 
within a single chloroplast, which amounts to 
about 10,000 copies in a plant cell. Therefore, 
starting from a cell containing a single 
chloroplast with one foreign gene inserted, very 
patient selection is required until all chloroplast 
genomes contain the introduced gene in 
homoplasmic state (Figure 12). 
 
While this tedious selection is still a bottleneck 
for routine production of transplastomic plants 
in crop species, the technology offers valuable 
benefits. Since chloroplasts are transmitted in 
many (though not all) plants preferentially or 
exclusively by the maternal parent, uncontrolled 
escape of the transgene(s) via the pollen is very 
unlikely or completely excluded. Due to their 
huge copy number, expression of the introduced 
genes is usually very strong in transplastomic 
plants, often as high as several percents of total 
soluble leaf proteins. In addition, the stability of 
gene expression is caused by the virtually 
nonexistent recombination in chloroplasts, 
which secures that no structural rearrangements 
of transferred genes will take place in 
transplastomic plants. Also, no silencing of 
(trans)gene expression occurs in chloroplasts as 
the corresponding machinery for RNA 
interference is absent due to the bacterial 
(prokaryotic) origin of plastids in plants.
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Figure 12. The process of generating 
homoplasmic transplastomic plants. A copy of 
foreign gene(s) is introduced into a single 
chloroplast by microparticle bombardment (top 
panel), which upon integration is present only in 
a fraction (about 0.01%) of all chloroplast 
genomes in a cell (top left on second panel). Via 
continuous selection for a marker gene, 
successive enrichment leads to a heteroplasmic 
state (third panel) until all chloroplast genomes 
contain the introduced gene (bottom panel). 
 

3.2. Regulated gene expression 
 

A significant improvement in gene transfer 
technology is the more precise expression of 
transgenes. In first-generation GM plants 
transgene expression has been controlled by 
strong promoters, usually isolated from less 
complex organisms, such as plant viruses. 
 

 A major function of these organisms is fast and 
equally strong expression of their few genes in 
many types of plant cells, hence the 
corresponding promoters are called near-
constitutive. However, this constitutive type of 
control is far from optimal for most (trans)genes 
in GM plants. For instance, a disease resistance 
gene against a leaf pathogenic fungus does not 
have to be strongly expressed in the seed if the 
pathogen is not able to infect seeds. Abundant 
expression may even be contra-indicated in 
certain scenarios, when for example an 
opportunistic pathogen would have a higher 
chance to develop immunity against a particular 
disease resistance mechanism. Also, expression 
of most native plant genes is finely regulated 
during development and thus for a successful 
transgene (certainly in cis- or intragenic plants 
of the future) a similarly precise expression 
control is required. 
 

To this end, plant scientists have been actively 
developing techniques (e.g. promoter tagging, 
activation tagging) for the identification and 
precise characterization of novel plant gene 
promoters and other regulatory signals. As a 
result, a large collection of promoters is now 
available (and ever increasing) for tissue-specific 
and even cell type-specific expression of target 
genes in GM plants (Figure 13). Some of these 
novel promoters are now being tested or already 
reached commercial application in next-
generation GM products. 

 
 
 
 
 
 
 
Figure 13. Transgene expression controlled by specific promoters in GM plants. (A) GFP expression in 
rice caryopses but not in germinating seedlings (www.jic.ac.uk), (B) root-specific ß-glucuronidase 
(GUS) expression in Arabidopsis by a glycosyltransferase gene promoter (Vijaybhaskar et al. 2008), (C) 
GUS expression in Arabidopsis leaves by a pea topoisomerase gene promoter (Hettiarachchi et al. 2003), 
(D) GFP expression in both the generative (arrowhead) and vegetative cell (arrow) nucleus of 
Arabidopsis pollen (Brownfield et al. 2009). 
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3.3. Progress in the forefront of 
selection marker genes 
 
Recent public concern and environmentalists' 
objections to the incorporation of antibiotic and 
herbicide resistance in GM plants led to 
revisions of selection marker gene strategies, 
especially in commercial GM product 
development. Most of the concerns about 
adverse health and biosafety consequences of 
widespread application of these marker genes 
can be considered unsound, and are not 
supported by correctly controlled serious 
experiments. Yet, plant scientists have already 
searched for alternative solutions. Currently, 
several approaches have been demonstrated 
successfully in the laboratory as well as in the 
field. 
A first solution has been the discovery of 
alternative genes that can be used for selecting 
GM plants. In principle, any gene can become a 
selection marker if it provides selective 
advantage to the cells that express them. 

Therefore, these genes do not have to be limited 
to resistance against antibiotics or herbicides. 
Several sugars or sugar analogs (e.g. mannose, 
xylose, arabitol, deoxyglucose) and amino acid 
derivatives (e.g. methyltryptophan, 
aminoethylcysteine) are known to be toxic to or 
not metabolized by most plant cells. A few plant 
and bacterial enzymes (mainly isomerases, and 
hexokinase or decarboxylase), however, are able 
to convert these compounds into modified 
forms (e.g. xylulose in the case of xylose), which 
are then readily utilized by cells expressing the 
respective genes. As a result, transgenic cells can 
grow and differentiate while untransformed cells 
are killed by toxic substrates or just suppressed 
(starving) in case of non-toxic metabolites 
(Figure 14). Thus, the principle remains the 
same (see 2.2) but the main result is deviation 
from antibiotic and herbicide resistance genes. 
In addition, some of the enzymes concerned are 
already widely applied in the food industry (e.g. 
xylose isomerase) and thus are considered safe 
from a regulatory viewpoint. 

 
Figure 14. Alternative selection marker genes. (A) Untransformed banana cells growing in vitro on 
sucrose-containing medium (left) and suppressed in the presence of xylose (right), (B) transgenic 
banana cell colonies (expressing the xylose isomerase gene xylA) actively growing on xylose-containing 
medium (Sági et al., unpubl.) 
 
Despite the availability of several alternative 
marker genes, their complete removal from GM 
plants is even more preferable, because of lower 
costs for safety evaluations and especially as 
regulatory authorities support the elimination of 
any surplus DNA in GM crops. Perhaps the 
simplest marker-free strategy is based on co-
transformation and subsequent segregation of 
unlinked genes. Co-transformation involves the 

simultaneous integration of a target gene (or 
genes) and the selection marker gene into 
distinct, unlinked positions in the plant genome. 
Several gene transfer designs have been tested: 
(i) simple mixing of different transformation 
vectors or pure gene sequences before 
precipitation onto microparticles and 
bombardment, (ii) cocultivation with two 
different Agrobacterium strains each containing a 
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vector, one for the selection marker gene and 
the other for the target gene, (iii) using one 
bacterial  strain harboring two different vectors, 
each with one of the two genes, and (iv) one 
bacterial strain carrying a single vector, with the 
two genes at two independent (unlinked) T-
DNA sites. The advantage of co-transformation 
is that it does not require (significant) 
modification of existing vectors and 
transformation protocols, and subsequent 
segregation in the next generation will yield 
progenies that carry only the transgene but not 
the marker gene. Since co-transformation 
frequencies (the incidence of both genes 
integrated and expressed in the same GM plant) 
are reasonably high (up to 80-85%), this 
approach has been utilized successfully to 
eliminate selection marker genes in several 
crops. However, it is not useful in vegetatively 
propagated plants because sexual reproduction 
is a prerequisite for the segregation of genes. 
Even in sexually propagated plants can the 
selection of desired progenies be laborious 
sometimes (cfr. low seed fertility). 

Another method for generating marker-free GM 
plants is removal by site-specific recombinase 
enzymes. To accomplish this, the selection 
marker gene is flanked by a pair of short DNA 
sequences (borders) specifically recognised by 
an enzyme that cuts out the marker gene 
between these borders. The gene for this 
excision enzyme is also inserted (or crossed) 
separately in the plant, and its expression is 
controlled by a constitutive (or pollen- or seed-
specific) or inducible promoter. When the active 
enzyme is produced, the selection marker gene 
is removed (Figure 15) from the pollen/seed or 
the whole plant or at will when the promoter is 
induced. In addition, when inserted next to the 
selection marker gene, the recombinase enzyme 
also removes its own gene (or otherwise can be 
segregated out after co-transformation or 
crossing), thereby leaving no unwanted DNA 
sequence behind. The only trace left after the 
whole process is one (reconstituted) copy of the 
border sequence (Figure 15). 
 

 
Figure 15. Elimination of selection marker genes by site-specific recombination. The Cre/loxP system 
from bacteriophage P1 is composed of Cre recombinase, which catalyzes an excision reaction between 
two loxP sequences (in green) to remove the DNA sequence (in yellow-blue) between them 
(www.isaaa.org). 
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Site-specific recombinases are equally effective 
in the nuclear as well as the plastid genome and 
thus are suitable for generating marker-free 
transplastomic plants, too. The GM maize event 
LY038 is a good example of technology 
improvement in the field of selection marker 
genes. In this lysine-fortified GM maize the 
kanamycin resistance gene (nptII) has been 
removed from the nuclear genome by the above 
Cre/loxP system, and it has now been approved 
for cultivation in Canada, Japan and the USA, 
and for food and/or feed use in Australia, 
Mexico, the Philippines, and Taiwan. 
 
Further improvements are in progress: scientists 
have described methods to eliminate the 
residual border sequence left at recombination 
sites. Novel marker-free strategies based on gene 
targeting and homologous recombination have 
been reported. Advances on the use of zinc-
finger nucleases and their potential in removing 
transgenes and in targeted gene integration are 
also promising. On the basis of this progress, 
concerns about the uncontrolled distribution 
and spread of antibiotic or herbicide resistance 
genes in the environment might become quickly 
eliminated (similarly to their subjects) in the 
not-so-distant future.    
 
 
 
 

4. Conclusion 
 
It is important to realize for the educated reader 
that the vast majority of GM plants are 
generated in research laboratories and only a 
small poportion is intended for commercial 
product development. The purpose of these 
basic research studies can be very diverse: 
discovery of a gene function, identification of a 
novel promoter, characterization of a metabolic 
pathway or gene interaction, understanding an 
environmentally regulated developmental 
process (e.g. initiation of flowering), or 
development of better transformation vectors 
and improved gene transfer techniques, etc. In 
the postgenomic era of more and more 
sequenced genomes this knowledge is already of 
direct benefit for cutting-edge plant breeding 
programs, e.g. by gene-assisted selection (GAS). 
By a brief summary of the present status of gene 
transfer techniques and principles, this overview 
aimed at demonstrating that these methods are 
perfectly rational, reproducible and routinely 
employed nowadays for diverse applications in a 
broad range of plants. Naturally (in the most 
appropriate sense of the word), there is always 
room for further improvement, and this will be 
really going on as long as science exists. The 
technology itself is mature enough, but the 
question still remains: are we mature enough for 
the intelligent and 'selective' use of it? 
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Introduction 
 
Traditional breeding could, in the past, improve 
performance of crop plants impressively, but we 
had to learn its’ strong limitations as well. 
Transfers of useful traits from remote species,  
 
 
 

 
selection for the segregation of genetically 
strongly linked traits are difficult or practically 
impossible using classical genetic crossings. 
However, gene discovery and gene technology 
may help to circumvent these limitations in 
many cases (Figure 1). 
 

 
 
 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic workflow of how basic research may lead to new crop plants in agriculture. 

 
Our laboratory performs several different gene 
discovery approaches to provide candidate 
genes for the improvement of abiotic stress 
tolerance of cereals. One of the challenges to 
meet nowadays is increased yield stability under 
water-limited conditions that plays an essential 
role in the reduction of economic and social 
consequences of global climate changes. Recent 
advances of molecular physiology and genetics 

may provide new tools and resources to support 
these breeding efforts. 
 
Plants developed a wide range of defense 
strategies to maintain the functional integrity of 
cells and the whole organism as well under 
limited water supply. The rapidly synthesized 
abscisic acid coordinates many of the prompt 
reactions while long term adaptation can rely on 
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extended root growth, translocation of 
metabolites or acceleration of the 
developmental program.  
 
Gene discovery: transcript profiling 
during osmotic and drought stress 
 
In an attempt to shed light on the role of the 
root system in differential responses of wheat 
genotypes to long-term water limitation, 
transcriptional differences between two wheat 
genotypes (Triticum aestivum L. cv. ‘Plainsman 
V’ and landrace ‘Kobomugi’) were identified 
during adaptation to moderate water stress at 
the tillering stage. Differences in organ sizes, 
water-use efficiency and seed production of 
plants grown in soil were detected, and the root 
functions were characterized by expression 
profiling. The molecular genetic background of 
the behaviour of the two genotypes during this 
stress was revealed through use of a cDNA 
macroarray for transcript profiling of the roots. 

The use of barley macro-arrays (Potokina et al. 
2002, Sreenivasulu et al. 2002) developed at the 
Leibniz Institute of Plant Genetics and Crop 
Plant Research (IPK, Gatersleben), highlighted 
gene clusters with characteristic changes in their 
expression pattern. Unraveling genotype 
dependent expression profiles and allelic 
variations of these genes will allow development 
of molecular markers for breeding programs. 
 
We found that the two genotypes (‘Kobomugi’ 
and ‘Plainsman’) differred in root growth rate, 
root/shoot ratio, and adaptation to osmotic 
stress and low soil water content. These 
genotypes exhibit characteristic transcript 
profiles as shown by barley macroarray studies 
using 10,500 unigenes. In our first experimental 
system, effect of PEG-treatment on roots was 
investigated and induced genes that are 
common between the two genotypes were 
searched (Figure 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. The relative transcript levels of four selected genes exhibit induction during osmotic stress in 
wheat roots. Genes of ACC synthase, glutathione-S-transferase and alcohol dehydrogenase were found 
as examples which had similar transcript pattern in ‘Plainsman’ (solid lines, square) and in ‘Kobomugi’ 
(dashed lines, circle). Genes were induced during polyethylene glycol (PEG) treatment (thick lines) 
while remained relatively unchanged in control (thin lines). Transcript levels were normalised to 18S 
rRNA. 
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In order to simulate real drought stress, a second 
experimental system was developed, which is 
based on reduced watering of plantlets for four 
weeks and still allows purification of RNA of 
proper quality. Comparison of transcript profiles 
of PEG-treated and water limitation adapted 
roots of the two cultivars revealed that osmotic 
stress and real drought stress induces largely 
different changes in transcript profile. Only one 
single gene was found (of unknown function), 
which was activated in both genotypes and in 
both experimental systems (Figure 2). 
 
During a four-week period of moderate water 
deficit, a set of up-regulated genes displaying 
transiently increased expressions were identified 
in young plantlets, mostly in the second week in 
the roots of the ‘Kobomugi’, while their 
transcript levels remained constantly high in the 
roots of the ‘Plainsman V’. These genes encode 
proteins with various functions, such as 
transport, protein metabolism, osmoprotectant 
biosynthesis, cell wall biogenesis and 
detoxification, and also regulatory proteins. 
Oxidoreductases, peroxidases and cell wall-
related genes were induced significantly only in 
‘Plainsman V’, while the induction of stress- and 
defense-related genes was more pronounced in 
‘Kobomugi’. Real-time qPCR analysis of 
selected members of the glutathione S-
transferase gene family revealed differences in 
the regulation of the family members in the two 
genotypes and confirmed the macroarray 
results. The TaGSTZ gene was stress-activated 
only in the roots of the ‘Kobomugi’ plants 
(Secenji et al. 2010b). 
 
This study involved different approaches to 
compare two drought stress-resistant wheat 
genotypes by obtaining data reflecting their 
adaptation strategies during moderate water 
stress. Three distinct greenhouse experiments 
were carried out to follow their physiological 
and agronomic parameters in generative phase, 
root development during seedling stage and 
early tillering and transcriptional changes caused 
by water limitation during tillering. The harvest 
index and grain yield showed ‘Plainsman V’ to 

be the better genotype, in accordance with its 
higher photosynthetic activity and water use 
efficiency. 
 
The alterations in the growth characteristics of 
the shoots and roots during water-deficit stress 
resulted in an increased root/shoot ratio for 
both genotypes. Our findings are in line with the 
previous finding that this change is driven by a 
considerable decrease in shoot mass, and not by 
the increase in root mass. However, roots 
subjected to a water deficit may continue to 
elongate due to cell expansion, which demands a 
well-controlled water uptake and irreversible cell 
wall enlargement. In the glass-plate experiments, 
the length of the main roots did not change in 
‘Plainsman V’, but decreased in ‘Kobomugi’, 
though the decrease was below the significance 
level. On the other hand, genes encoding 
proteins involved in cell wall processes (e.g. 
expansins and xyloglucan-endotransglycosylase, 
XET) or components of the cell wall, such as 
hydroxyproline-rich glycoproteins (HPRGPs) 
were found to be up-regulated. Expansins, as cell 
wall-modifying proteins, are involved in the 
rearrangement of the cell wall by making it more 
extensible. This function is important in root 
hair formation, which promotes nutrient and 
water uptake and also anchors the plant in the 
soil. The beta-expansins play the predominant 
role in this. Besides loosening the cell wall by 
cutting and rejoining xyloglucans, the XET 
enzymes strengthen the wall layers and hence 
protect the root cells during water-deficit stress. 
The HPRGPs, which are structural elements of 
the extracellular matrix, include extensins, 
repetitive proline-rich proteins, arabinogalactan-
proteins, solanaceous lectins and some nodulins. 
Proline-rich proteins can be induced by 
hormones or by abiotic stresses such as heat 
shock or wounding. The induction of HPRPG 
genes (which encode extensins and proline-rich 
proteins) were already reported in the root 
apical region of barley subjected to salt stress, 
and presumed their role in the adaptive response 
to mechanical and injury stresses. We 
hypothesize that the maintenance of root 
growth in drying soil may require an enhanced 
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expression of these genes in order to strengthen 
the developing root system. This could be the 
explanation of their up-regulation in drought-
stressed ’Plainsman V’ roots, but not in those of 
‘Kobomugi’. 
 
The extent of the drought stress in experimental 
system applied for the transcriptomics was 
confirmed by following the level of expression of 
L-Δ1-pyrroline-5-carboxylate synthetase gene 
(P5CS). The gene of this key regulatory enzyme 
of proline biosynthesis is frequently induced by 
drought stress. Proline is involved in stress 
protection in several ways, including functioning 
as an osmolyte, scavenging of free radicals, 
stabilization of subcellular structures and 
regulation of the cellular redox status. In light of 
these results, P5CS served as a positive control 
in our experimental system. The 7-8-fold 
increases in P5CS transcript level in the roots of 
both genotypes confirmed the development of a 
moderate water-deficit stress. The highest P5CS 
mRNA level was seen in the third week of stress 
in ‘Plainsman V’, and a similar phenomenon was 
frequently observed in other experiments, 
despite of either a different soil composition or a 
modified water regime. The increase in the free 
amino acid level in the shoots during drought 
stress can be related to the similar patterns of 
expression of the P5CS gene in the shoots and 
roots. 
 
Overall, the physiological differences observed 
between the leaves of the two genotypes (CO2 
fixation, and free amino acid and 
malondialdehyde contents) and the alterations 
in root growth and P5CS transcript induction 
are in agreement with previous experience that 
‘Kobomugi’ tends to feature as an escaper in its 
drought response, while ‘Plainsman V’ is rather 
an adaptive genotype, exhibiting more 
avoidance characteristics. 
 
The macroarray data demonstrated that genes 
known to be affected by short-term desiccation 
stress was found only occasionally amongst our 
candidates. Well-characterized classical stress-
regulated genes (e.g. dehydrins and heat shock 

proteins) exhibited at best moderate increases 
or even decreases in relative transcript level in 
our experimental system. This supports the view 
that long-term drought stress requires changes 
in gene expression and metabolism that differ 
from those described for short-term drought or 
desiccation stress similarly to barley. Not only 
the length, but also the severity of the drought 
stress may account for the gene expression 
differences described in early publications or in 
some of the more recent ones, including our 
own. More detailed transcriptome comparisons 
are needed to uncover the effects of stress 
duration and severity, in place of the currently 
popular “stressed vs. control” type of 
comparisons. Nevertheless, our macroarray data 
do at least shed light on the transcriptional 
differences, which may lie behind the 
physiological and agronomic differences 
observed in the two genotypes during long-term 
moderate water-deficit stress. 

 
Among the known genes either up- or down-
regulated most of them encode metabolic 
enzymes. Some of these genes take part in 
detoxification such as superoxide dismutase and 
ascorbate peroxidase or aldose reductase and  
glyoxalase (Figure 3). Many genes were found 
to encode hypothetical or unknown proteins.  
 
Genes that are up- or down-regulated during 
short-term desiccation stress were found only 
occasionally amongst our candidates. Known 
short-term stress-regulated genes present in this 
selection exhibit moderate increase/decrease of 
their relative transcription level in our 
experimental system. This indicates that long-
term drought stress requires changes in gene 
expression and metabolism different from that 
of short-term (desiccation) stresses. Clustering 
revealed that the transcript profile of the 
common gene set is frequently different in the 
two genotypes. The observed transcription 
differences may provide, at least in part, the 
molecular background of the distinct adaptation 
strategies followed by either one of the two 
genotypes. 
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Figure 3. Several genes encoding detoxifying enzymes involved in oxidative stress are up-regulated in 
‘Kobomugi’ (left panels), but remain unchanged or even repressed in ‘Plainsman’ (right panels). Four-
week long experiments were carried out, with RNA samples taken weekly. Transcript levels were 
normalised to 18S rRNA. 
 
Use of the barley macroarray with these 
wheatderived probes has both positive and 
negative consequences. The heterologous array 
required slightly reduced stringency for 
hybridization. Because of this and the presence 
of cDNA fragments in the array, our 
experimental conditions resulted in a lower 
sequence specificity than that for the long oligo 
chips widely used in recent years. Transcripts 
could therefore be detected even if nucleotide 
mismatches occur due to allelic variations of the 
hexaploid wheat genome or genotype 
differences. Groups of related genes or gene 
families were readily detected in our 
experiments, but a more specific method (e.g. 
RT-qPCR) must be applied to distinguish 
between individual gene variants. 
 
The macroarray results drew our attention to 
the complex GST gene family (Gallé et al. 
2009). Accordingly, we made use of RT-qPCR 
to compare the expression profiles of five GST 
transcripts belonging to three (tau, phi and zeta) 
subfamilies of this protective enzyme family. 
The GST gene family has a detoxification 
function, among others, in plant cells. Some 
members of the family proved to be up-
regulated in ‘Kobomugi’. Elevated transcript 

levels of GST family members subjected to 
drought stress have been reported in 
Arabidopsis, barley, sunflower, and rice, but 
decreased amounts of transcripts have likewise 
been described. In ‘Kobomugi’, elevated 
transcript levels were mainly displayed by the 
tau class members (TaGSTU1B and 
TaGSTU2), while the levels of the phi class 
members (TaGSTF19E50 and TaGSTF6) did 
not change during water limitation. A similar 
result was reported in Arabidopsis subjected to 
low and high temperature. Tau and phi GSTs 
exert glutathione peroxidase activity, utilizing 
glutathione to reduce hydroperoxides of fatty 
acids and nucleic acids to their corresponding 
monohydroxyalcohols. This enzymatic 
reduction plays a pivotal role in preventing the 
degradation of organic hydroperoxides to 
cytotoxic aldehyde derivatives. This 
functionality in GSTs is important in the 
tolerance of transgenic tobacco to chilling and 
salt. The level of the zeta class TaGSTZ mRNA 
was increased by the drought stress in 
‘Kobomugi’. This result seems to be in 
accordance with the findings that the over-
expression of OsGSTZ1 in transgenic rice 
enhanced germination and seedling growth at 
low temperature. This GST isoenzyme has also 
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been characterized as maleylacetoacetate 
isomerase (EC 5.2.1.2) and is a component of 
the phenyl-alanine/tyrosine catabolism 
pathway, through which it may take part in 
nitrogen re-utilization (Gallé et al. 2009). These 
findings leave open the question on the possible 
roles of the zeta class GSTs. In order to assess 
the variances observed between the macroarray 
data and the related RT-qPCR data, we selected 
further tau and phi class-specific RT-qPCR 
primers (for TaGSTU2 and TaGSTF6, 
respectively) and determined their transcript 
levels in the same set of samples. The patterns of 
both tau class GST genes (TaGSTU1B and 
TaGSTU2) indicated similar induction in the 
third week of stress in ‘Kobomugi’, while 
neither of the phi class GST genes 
(TaGSTF19E50 and TaGSTF6) displayed any 
significant change. These results are in 
agreement with the suggestion that the 
macroarray expression ratios should be 
interpreted as indicators of general changes in 
the expression patterns of gene families. 
 
Besides the GSTs, significant increases were 
found in the levels of expression of cysteine-type 
peptidases in ‘Kobomugi’. These proteases 
accumulate when tissues are exposed to abiotic 
stresses such as drought or salt, in consequence 
of the enhanced protein degradation. The 
expression levels of a cysteine protease (AHCP) 
increased more significantly in a drought-
tolerant peanut cultivar than in a drought-
sensitive one. ‘Plainsman V’ also contained up-
regulated transcripts of cysteine proteases, 
which coincide with the drought resistance. 
 
In ‘Plainsman V’, a significant up-regulation was 
observed among the genes encoding enzymes 
with oxidoreductase activity, specifically those 
acting on the CH-OH group of donors with 
NAD+ or NADP+ as acceptors: significant 
increases occurred in the levels of expression of 
dehydrogenases, which mediate NADPH 
recycling during oxidative stress, such as 
glucose-6-phosphate dehydrogenase, 6-
phosphogluconate dehydrogenase, malate 
dehydrogenase and isocitrate dehydrogenase. 

Studies on the activities or levels of expression 
of such enzymes during abiotic stress have led to 
similar results in wheat, rye, olive and pea 
nodules, due to the occurence of oxidative stress 
as a form of secondary stress. 
 
Among the up-regulated genes with an 
oxidoreductase function, the transcript levels of 
UDP-glucose dehydrogenase (UGD) increased 
during the water-deficit stress in ‘Plainsman V’. 
UGD is the key enzyme for the formation of 
matrix polysaccharides in the plant cell wall via 
UDP-glucuronic acid, the common precursor of 
pectins and hemicelluloses. The detection of 
UGD gene expression in growing tissues of 
Arabidopsis coincides with our results in 
‘Plainsman V’: besides the elevated level of 
expression of UGD, a better root growth was 
maintained during the water-deficit stress than 
in ‘Kobomugi’. This result coincided with the 
findings on other up-regulated genes encoding 
enzymes that have a role in cell wall biogenesis, 
such as XET, expansins, and HPRGPs in 
‘Plainsman V’ roots. 
 
Other genes encoding enzymes involved in the 
protection against oxidative stress likewise 
displayed an up-regulated expression level 
during the water-deficit stress in both 
genotypes. In ‘Plainsman V’, different 
peroxidases exhibited significantly increased 
transcript levels; this was confirmed in further 
experiments in our lab. Thus, our results 
indicate that ‘Plainsman V’ activates 
peroxidases, while ‘Kobomugi’ uses mainly 
GSTs in the reduction of hydroperoxides during 
a water-deficit stress. 
 
Along with cysteine-type proteases, several 
genes demonstrated a common up-regulation, 
but different transcript patterns during the four-
week water limitation. The levels of expression 
of these genes increased transiently, mostly in 
the second week, in ‘Kobomugi’, whereas the 
transcript amounts were steadily high in 
‘Plainsman V’ during the experiment. These 
genes encode proteins with various functions, 
e.g in regulation, transport, protein metabolism, 
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osmoprotectant biosynthesis, cell wall 
biogenesis and detoxification. 
 
Overall, the agronomic, biochemical and root 
developmental data clearly reveal that these two 
drought-tolerant genotypes follow distinct 
adaptation strategies. The physiological 
differences are well reflected in the different 
transcript profiles. 
 
Detailed characterization of candidate 
genes: components of the ascorbate 
cycle 
 
When comparing the responses of two wheat 
(Triticum aestivum L.) genotypes, the drought 
tolerant ‘Plainsman V’ and the drought sensitive 
‘Cappelle Desprez’, to reduced amounts of 
irrigation water, we found differences in 
ascorbate metabolism: both ascorbate oxidation 
and transcription levels of enzymes processing 
ascorbate were changed (Secenji et al. 2010a). 
Relative transcript levels of ascorbate peroxidase 
(APX), monodehydroascorbate reductase 
(MDAR), dehydroascorbate reductase (DHAR) 
and glutathione reductase (GR) isoenzymes, 
predicted to localize in distinct subcellular 
organelles, showed different transcriptional 
changes in the two genotypes. Among APX 
coding mRNAs, expression levels of two 
cytosolic (cAPX I, II) and a thylakoid-bound 
(tAPX) variants increased significantly in 
‘Plainsman V’ while a cytosolic (cAPX I) and a 
stromal (sAPX II) APX coding transcripts were 
found to be higher in ‘Cappelle Desprez’ after a 
four-week long water-deficit stress. Examining 
the MDARs, two cytosolic isoforms (cMDAR I, 
II) displayed significant up-regulation of mRNA 
levels in the sensitive genotype, whereas only 
one of them (cMDAR II) did in the tolerant 
cultivar. We found an up-regulated chloroplastic 
DHAR (chlDHAR) mRNA only in the sensitive 
‘Cappelle Desprez’. However, increased 
expression levels of a cytosolic GR (cGR) and a 
chloroplastic GR (chlGR) were detected only in 
the tolerant ‘Plainsman V’. After four weeks of 
reduced irrigation, a significantly lower 

ascorbate/dehydroascorbate ratio was detected 
in leaves of the sensitive ‘Cappelle Desprez’ 
than in the tolerant ‘Plainsman V’. Our results 
indicate that more robust transcription of 
ascorbate based detoxification machinery may 
prevent an adverse shift of the cellular redox 
balance. 
 
We established an experimental system for 
analyzing long-term acclimation of wheat plants 
to mild, prolonged water stress. This kind of 
stress evokes responses in plants at 
physiological, cellular and molecular level which 
are different from the ones caused by more 
severe desiccation stress or the osmotic stress 
applying polyethylene-glycol (PEG) or other 
osmotic agents. Fresh weight data of shoots 
indicates growth retardation caused by the 
limiting water supply and the several fold 
induction of P5CS in both genotypes verifies the 
development of drought stress. P5CS is the key 
enzyme of proline biosynthesis for which 
mRNA level is frequently induced by abiotic 
stresses preceding proline accumulation 
observed in plant cells. Therefore, P5CS is a 
good molecular marker of stress response at 
cellular level. We observed the highest P5CS 
mRNA level on the third week and this 
phenomenon is reproducible: we found the 
same in other cultivars and other experiments, as 
well (data not shown). It is still to be explained 
however it is not the subject of the current 
study. In our view, the experimental system 
applied in this study represents natural water 
shortage better than laboratory conditions 
imposing more drastic water limitations. Our 
plants, even the sensitive genotype could survive 
and adapt to the stress applied. 
 
Oxidative stress is present as a form of 
secondary stress during all kinds of water stress. 
Sensitive responses of various antioxidants to 
stress conditions demonstrate that scavenging 
ROS is crucial for the maintenance of the 
homeostasis of every cell. Ascorbic acid (AsA) 
and glutathione (GSH) are the two main 
antioxidant agents during oxidative stress by 
protecting the plant cells from the harmful effect 
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of superoxide radicals, hydrogen peroxide and 
hydroxyl radicals. In general, the redox status of 
the ascorbate system is shifted toward a 
decreased AsA/DHAsA ratio due to the 
increased elimination of reactive oxygen species 
(ROS). The ascorbate cycle plays an important 
role in this, especially in photosynthesizing 
aerial parts of plants. A large number of previous 
studies focused on components of the AsA-GSH 
cycle, but comprehensive studies on the related 
gene families have not been presented so far 
from a complex hexaploid organism like bread 
wheat. In our experimental system, we studied 
the effects of water limitation on the expression 
of the gene families coding for components of 
the ascorbate cycle as well as on ascorbate 
balance of two wheat cultivars. 
 
Database mining of the available ESTs for bread 
wheat revealed a much more complex gene 
family of APX proteins than the gene families of 
the other antioxidant enzymes. Alignment of the 
available TAs and annotated sequences 
frequently formed closely related groups of two 
to three sequences. The most likely explanation 
is that different alleles are present in the related 
loci of the A, B and D genomes of the hexaploid 
bread wheat. 
 
Numerous studies deal with the increased 
activity of enzymes e.g. SOD, APX, CAT that 
are key enzymes of the ROS eliminating 
systems. Increased enzyme activity of APX often 
correlates with a changed ascorbate redox 
system depending on the severity of the applied 
stress. APX is a multi-gene family including 
isoforms in at least four distinct cellular 
compartments: stromal APX (sAPX), thylakoid-
bound APX (tAPX) in chloroplasts, microbody 
(glyoxysome and peroxisome) membrane-
bound APX (mAPX) and cytosolic APX 
(cAPX). Chloroplast specific forms of APX can 
be targeted to mitochondria as well. During 
abiotic stress, various APX isoforms behave in 
different ways. The transcript level of cAPX 
increased under heat stress conditions while 
APX isoforms localized in other compartments 
did not show any changes. Analysis of mutants 

can point out well the importance of a single 
APX isoform during stress treatments. The 
chloroplast is a focal point of ROS metabolism 
as demonstrated by Arabidopsis mutants lacking 
cytosolic APX1, in which the entire 
chloroplastic H2O2 scavenging system is 
collapsed, H2O2 levels increase, and protein 
oxidation occurs. In our study, the relative 
expression level of cAPX I (likely to be localized 
in cytosol), like APX1 does in Arabidopsis, 
increased significantly in both wheat genotypes, 
while the other cytosolic APX (cAPX II) 
showed up-regulated transcription only in the 
drought tolerant ‘Plainsman V’. Induction of 
cAPXs is coupled with up-regulation of 
chloroplastic APXs. Relative transcript level of 
thylakoid membrane-bound tAPX increased 
significantly in ‘Plainsman V’ while one of the 
stromal APX group (sAPX II) showed induced 
expression level in the drought sensitive 
‘Cappelle Desprez’. Our results correlate with 
findings of others who showed differences in the 
relative expression level of stromal APX when 
subjecting two cowpea cultivars of distinct 
drought tolerance to desiccation. On the other 
hand, previous reports on thylakoid-bound APX 
were less coherent. We did not expect elevated 
expression level because a significant decrease 
was shown in some of the previous studies. 
However, expression level of tAPX was up-
regulated during cold acclimation of near-
isogenic wheat lines. Furthermore, converse 
results have been reported concluding that the 
discrepancy in the regulation of the OsAPX 
genes of rice plants depends on cultivars, plant 
age, organs, and growing conditions.  
 
Beside the up-regulated expression levels, 
‘Plainsman V’ displayed generally higher 
transcript amounts of all APXs compared to the 
sensitive ‘Cappelle Desprez’. Furthermore, the 
drought-induced up-regulation in the latter 
genotype only reaches the mRNA levels already 
present in the tolerant one at control conditions. 
Our results suggest that the drought tolerance 
may correlate with higher basal level of APX 
mRNAs. Elevation of APX activity was 
previously reported in wheat plants subjected to 
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water-deficit stress. The same was observed in 
various species during a range of stresses. In our 
study, the increased expression levels of distinct 
APX isoforms were coupled with significantly 
increased APX enzyme activity only in the 
tolerant genotype whereas the sensitive one did 
not show similar changes. More detailed studies 
of protein isoforms could reveal whether 
translational or posttranslational regulations are 
responsible for the observed phenomena. 
 
MDARs are responsible for the reduction of 
monodehydroascorbate radicals, thereby 
playing an important role in the maintenance of 
ascorbate redox status. In plants, MDARs occur 
in the chloroplast, mitochondria, peroxisome, 
cytosol, and are associated with the plasma 
membrane and cell wall. During the 
construction of a similarity tree of MDARs, we 
took into consideration the specific 
characteristics of protein sequences directed to 
different subcellular compartments. Enzyme 
activities of MDARs are affected by a variety of 
abiotic stresses as described in sorghum, 
sunflower, Arabidopsis, silver maple, and rice. In 
addition, several expression studies presented 
that both cytosolic and chloro-
plastic/mitochondrial MDAR genes are up-
regulated upon various stresses, e.g. salt, 
drought, light, heat or cold. We detected up-
regulation of cytosolic MDAR mRNA levels. In 
drought tolerant ‘Plainsman V’, only the 
transcript level of cMDAR II increased 
significantly, while in ‘Cappelle Desprez’ both 
cytosolic groups of MDARs showed elevated 
expression level under water limited conditions. 
Nevertheless, we did not observe any transcript 
up-regulation in either chloroplastic or 
peroxisome membrane-bound MDARs. 
Peroxisomal MDAR mRNA levels from pea 
showed a significant increase subjected to other 
stress conditions, such as wounding, cold stress 
and the herbicide 2,4-dichlorophenoxyacetic 
acid. Apart from stress conditions being distinct, 
this difference can be explained by different 
localizations of mMDARs in the two plants. 
According to the sequence of pea mMDAR, its 
localization in the soluble matrix of the 

peroxisome can be predicted while wheat 
mMDAR more likely binds to the membrane of 
the organelle due to the presence of an 
anchoring region on the carboxy-terminal. On 
the other hand, an up-regulated chloroplastic 
MDAR mRNA levels were reported in 
Arabidopsis plants subjected to oxidative 
chemical stresses targeted to chloroplast and/or 
mitochondria. Such conditions provoke an 
oxidative stress that may modulate defense 
response different from that of water stress. The 
absence of cross-tolerance between these two 
kinds of stresses could occur. 
 
DHAR is the other enzyme that regulates the 
cellular AsA redox state via regenerating AsA 
from dehydroascorbate. According to previous 
studies, DHAR enzyme showed increased 
activity upon various abiotic stresses, e.g. 
osmotic stress, desiccation. These results 
indicate that DHARs effectively assist the other 
antioxidant enzymes in reducing effects of 
oxidative stress. The increased enzyme activity 
can couple with up-regulated gene expression, as 
well. An increased transcript level of the 
chloroplastic DHAR gene was also detected 
during cold acclimation of near-isogenic wheat 
lines. Furthermore, they have reported an up-
regulated gene expression of a chloroplastic 
APX, too. Similar transcript profiles of these two 
genes were observed in ‘Cappelle Desprez’: a 
3.4-fold and 2.6-fold elevation of mRNA levels 
in the case of sAPX II and chlDHAR, 
respectively, after a four-week-long water 
limitation. On the other hand, we did not detect 
any up-regulated transcript levels of any DHAR 
isoforms in ‘Plainsman V’. Nevertheless, even in 
the absence of stress, this genotype already 
possesses higher transcript amounts of DHARs 
than the sensitive genotype reaches via stress-
induced up-regulation of these genes. These 
results show that, together with APXs, higher 
basal expression of DHAR genes results in more 
efficient ROS elimination due to more intense 
AsA recycling and thus may contribute to the 
drought tolerance of ‘Plainsman V’. 
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GRs provide the reduced glutathione supply for 
several redox enzymes including DHARs. The 
two GR isoforms showed higher expression 
levels in ‘Plainsman V’ compared to ‘Cappelle 
Desprez’. In addition, increased relative 
transcript amounts were measured on the third 
week of the treatment in the tolerant cultivar. 
Drought tolerant wheat genotypes showed 
higher reduced glutathione content than 
sensitive ones in a field drought experiment. 
Furthermore, this was accom-panied with higher 
GR activities in the former ones. We also 
reported similar results when PEG-stress was 
applied on the same cultivars. 
 
Comparing two wheat genotypes with different 
drought tolerance, we found a lower 
AsA/DHAsA ratio in the drought sensitive 
‘Cappelle Desprez’ which denotes a significant 
difference between the two cultivars during the 
adaptation to water-deficit stress. This shifted 
AsA/DHAsA ratio in ‘Cappelle Desprez’ is not 
the result of an overall decrease in the total 
ascorbate pool as observed by other authors, but 
because the AsA pool became more oxidized. It 
indicates that our experimental conditions 
imposed a form of oxidative stress on plants but 
not a severe one. 
 
Comparing the expression data with the 
ascorbate redox status, mRNA levels of stromal 
APX increased in the sensitive ‘Cappelle 
Desprez’ which resulted in a shifted 
AsA/DHAsA ratio in the absence of the up-
regulated transcript amount of stromal MDAR. 
According to a computer simulation based on 
known enzyme properties and concentrations in 
the chloroplast, the majority of 
monodehydroascorbate radicals are reduced by 
MDAR. Furthermore, the specific activity of 
MDAR is ten times higher than DHAR in 
chloroplasts of tomato. Hence, the elevated level 
of stromal DHAR mRNA after a four-week 
treatment indicates compensation for the shifted 
AsA/DHAsA balance in the sensitive genotype. 

On the other hand, the tolerant ‘Plainsman V’ 
generally possesses a high amount of transcripts 
of each isoform coupled with a parallel up-
regulation of mRNAs of cytosol localized APX 
and MDAR. Therefore, the balanced ascorbate 
redox status is maintained. The applied water 
deficit was successfully compensated via up-
regulation of some of the genes encoding 
various antioxidant isoforms in ‘Plainsman V’. 
On the other hand, induction of these genes was 
insufficient to prevent the unfavorable changes 
in the AsA/DHAsA ratio in ‘Cappelle Desprez’. 
The slight increase in TBARS amount in 
stressed ‘Cappelle Desprez’ is also an early 
indication that the AsA-GSH cycle may be close 
to saturation in this cultivar. These results 
indicate that more robust transcription of 
ascorbate-based detoxification machinery in 
‘Plainsman V’ may serve to avoid the adverse 
shift of the cellular redox balance. Comparison 
of these two wheat genotypes also demonstrates 
the importance of complex transcriptional 
regulation in the adaptation to abiotic stresses 
like limited water supply. 
 
Proof of concept: functional tests of 
aldo-keto reductases 
 
The aldo-keto reductases (AKRs) can detoxify 
lipid peroxidation products (4-hydroxynon-2-
enal) and glycolysis-derived reactive aldehydes 
(metylglyoxal) that contribute significantly to 
cellular damages caused by variety of 
environmental stresses such as drought, high 
light intensity, UV-B irradiation, and cold. 
Overproduction of AKRs in transgenic tobacco 
or wheat plants provides considerable stress 
tolerance and resistance to methylglyoxal. 
Molecular and physiological characterization of 
transgenic material will allow using AKR-based 
detoxification systems in the improvement of 
stress adaptation of crop plants. 
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Figure 4. Effect of methylglyoxal treatment on the photosynthetic activity of leaf discs of MsALR 
overproducing plant (ALR1/5) and its nontransformed control (SR1). 
 
Medicago sativa derived MsALR overproduction 
has wide range of beneficial physiological effects 
on tobacco plants: 
 
- protection against lipid peroxidation under 
chemical and drought stresses, 
 
- protection during drought and UV-B stresses 
(Hideg et al. 2003), 
 
- transgenic plants showed higher tolerance to 
low temperature and cadmium stress (Hegedűs 
et al. 2004), 
 
- increased tolerance to the effects of high 
temperature and high light intensity (Horváth 
and Hideg, unpublished). 
 
In collaboration with the Cereal Research 
Nonprofit Co. Szeged, the MsALR 
overexpression gene construct was introduced 
into wheat. Several independent transformants 
were regenerated and subjected to molecular 
and physiological characterization. Presence and 
expression of the transgene were proven and 
synthesis of the MsALR protein was also 
verified. Preliminary data indicate improved 
methylglyoxal tolerance of MsALR producing 
transgenic offsprings.   

 
Based on the promising results with the alfalfa 
cDNA, rice homologues of MsALR were cloned 
and analyzed. Expression studies revealed 
differential response of the members of rice 
AKR gene family to abscisic acid treatment in 
cell suspension. Enzymatic activity and substrate 
specificity of E. coli produced rice AKR proteins 
are investigated to find functional orthologue of 
the MsALR gene. 
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Introduction 
 
The commercial cultivation of genetically 
modified (GM) crops began in 1996 and has 
been continuously expanding ever since, both in 
industrialised and developing countries. By 
2009 it had reached a global area of 134 million 
hectares, cultivated by 14 million farmers in 25 
countries [James, 2010]. However, acceptance 
of GM crops is very heterogeneous. Public 
opinion in Europe is mostly seen to be critical 
(whether because of a lack of perceived personal 
benefits, ideologically motivated judgements, 
emotional responses or diffuse mistrust of 
governments and the media), while most people 
in the rest of the world are rather indifferent or 
(if they are farmers) increasingly in favour of 
GM crops [Brook Lyndhurst, 2009]. 
 
Differences also exist regarding both the number 
of GM crops authorised in different countries 
and the timing of their authorisation. The major 
GM crops – soybeans, maize, cotton and 
rapeseed – are also those crops that are the most 
heavily traded internationally, providing vital 
export revenues for many countries and 
industries but also providing a crucial supply of 
cheap feed and fibres for many importing 
countries, including the member states of the 
European Union (EU). For climatic and 
agronomic reasons, the EU is unable to produce 
most of the oilseed meal and other protein-rich 
feedstuffs required to feed its livestock. In fact, 
the EU imports about 80% of its protein needs. 
Protein-rich soybean meal, as well as Corn 
Gluten Feed (CGF) and Dried Distillers Grain 
with Solubles (DDGS), are needed by livestock 
producers in the EU to achieve a balanced diet 
for their animals, especially as far as protein is  
 

 
concerned. There is no prospect for developing 
large scale domestic production of protein rich 
plants. Even with the increased land sown to 
oilseeds for biofuels and stepping up production 
of protein crops such as field peas, field beans 
and sweet lupins to provide alternatives to 
soybean, at most they could only replace 
between 10-20% of EU imports of soybeans and 
soybean meal. Without an adequate supply of 
these feed ingredients, the EU’s livestock 
production will lose competitiveness and 
European livestock producers will lose market 
share. All EU imports of meat are produced 
from animals which may legally be fed with GM 
plants not yet authorised in the EU [EC, 2007]. 
The supply chain of commodity crops (e.g. soya 
and maize) is complex. The EU livestock sector 
uses imported soybean, soybean meal and maize 
by-products as animal feed. Countries exporting 
these crops are growing both EU-authorised and 
non-EU-authorised GM crops, as well as non-
GM crops. The EU decision-making regime for 
GM products is relatively slow in comparison 
with the rest of the world (asynchronous GM 
approvals). The supply of non-GM commodity 
crops is decreasing as a consequence of an 
increase in the volume of GM crops being grown 
and the potential for non-EU authorised GM 
varieties to enter the non-GM supply chain as 
adventitious presence is becoming greater. 
Combined with the EU’s zero tolerance for 
unauthorised GM products, this threatens to 
create a situation where traders are reluctant to 
import any commodity into the EU (GM or 
non-GM) that might have a trace level of 
unapproved GM material. Organic livestock 
farmers are legally required to use non-GM feed. 
Brazil has been the main source of non-GM 
soya, for which a variable price premium has 
applied over recent years. There is concern 
within the EU feed and food sectors that it is 



 33

becoming increasingly difficult and costly to 
maintain a non-GM supply chain, and that it 
may become unsustainable at some point in the 
future. 
 
1. Global status of commercialised GM 
crops in 2009 
 
Since 1996, when the first GM soybean was 
harvested, biotechnology and its adaptations by 
the food industry have become one of the most 
controversial and most disputed topics. 
However, the adoption of GM crops is occurring 

at a rapid pace. The global area planted to GM 
crops in 1996 was approximately 1.7 million 
hectares. GM crop production has increased 
each year since then, with an estimated 134 
million hectares of GM crops planted in 2009. 
The United States is the leading producer of 
GM crops accounting for 64 million hectares of 
the total GM crop area. Brazil is second, 
producing GM crops on 21.4 million hectares. 
Argentina had 21.3 million hectares of GM 
Plant area in 2009. Brazil displaced Argentina to 
become the second largest grower of biotech 
crops in the world (Table 1). 

 
Table 1. Area of GM crops by country (2009)[Million hectares] 

 
Country Area GM crops 

USA 64.0 Soybean, maize, cotton, canola, squash,, papaya, alfalfa, sugarbeet 
Brazil 21.4 Soybean, maize, cotton 
Argentina 21.3 Soybean, maize, cotton 
India 8.4 Cotton 
Canada 8.2 Canola, maize, soybean, sugarbeet 
China 3.7 Cotton, tomato, poplar, papaya, sweet pepper 
Paraguay 2.2 Soybean 
South Africa 2.1 Maize, soybean, cotton 

* 8 biotech mega-countries growing at leat 2 million hectares of GM crops 
Source: James [2010] 

 
Figure 1. GM crop plantings 2009 by crop. 
Note: * base area: 133 million hectares; additional GM crop plantings accounted for 1 million hectares  
Source: James [2010] 
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In 2009, GM crops were cultivated on about 14 
million farms in 25 countries. The main 
producers of GM crops are, with the exception 
of the United States and Canada, all developing 
countries, i.e., Brazil, Argentina, India, China, 
Paraguay and South Africa. Developing 
countries have continued to increase their share 
of global GM crops by planting 61.5 million 
hectares, or 46% of the global area of 134 
million hectares. In 2009, of the 27 countries in 
the European Union, six – Spain, Czech 
Republic, Portugal, Romania, Poland and 
Slovakia – planted Bt maize on 95 thousand 
hectares compared with a 2008 total of 108 
thousand hectares. The decrease was associated 
with several factors, including the economic 
recession, decreased total plantings of hybrid 
maize and disincentives for some farmers due to 
onerous reporting of intended plantings of Bt 
maize. 
Despite the severe effects of the 2009 economic 
recession, record hectarages were reported for 

all four major biotech crops occupying 133 
million hectares. For the first time, biotech 
soybean occupied more than three-quarters of 
the 90 million hectares of soybean globally, 
biotech cotton almost half of the 33 million 
hectares of global cotton, biotech maize over 
one-quarter of the 158 million hectares of global 
maize and biotech canola more than one-fifth of 
the 31 million hectares of global canola. In terms 
of the share of total global plantings to these 
four crops, biotech traits accounted for 77% of 
soybean plantings. For the other three main 
crops, the biotech shares in 2009 were 49% for 
cotton, 26% for maize and 21% for canola 
(Figure 2). In November 2009, China issued 
biosafety certificates for biotech varieties of rice 
and corn. As rice is the most important food 
crop globally, feeding half of humanity, and 
maize is the most important feed crop in the 
world, these biosafety clearances can have 
enormous implications for future biotech crop 
adoption in China, Asia and the world.

 

 
Figure 2. Share of GM crops in global plantings of key crops in 2009*  
Note: * base area: 133 million hectares; additional GM crop plantings accounted for 1 million hectares Source: James [2010]
 
 
 



 35

Table 2. Adoption rate of GM crops in the leading exporting countries of maize and soybean (2009) 
 

GM crops Country 
Adoption rate 

(%) 
USA 91 

Argentina 98 Soybean 
Brazil 71 

Canola Canada 93 
USA 85 

Argentina 50 Maize 
Brazil* 30-53 

Notes:* In Brazil the cultivation of GM maize (MON 810, Liberty Link) was approved in February 2008 (adoption rate in 
2009: summer: 30%; winter: 53%) 
Source: USDA [2010], ISAAA [2010] 

The economic benefits of genetically modified 
(GM) crops are undeniable and with adoption 
only likely to increase, and the commercial 
pipeline suggests that product quality traits will 
be increasingly prominent if seed companies are 
going to maintain decent margins from the 
technology. The claim by GM critics that yield 
increases over conventional varieties are not 
there, thus undermining their economic 
benefits, is too simplistic. The economic gains 
are not necessarily in direct yield gains, they 
come from easier agronomy, better protection 
from insects and lower input costs. If you had 
30% loss from insects, then you add protection, 
there is your gain. The economic bottom line is 
undeniable. The economic gains worldwide split 
almost equally between developed and 
developing countries as the latter have caught up 
in terms of adoption. But there is a significant 
premium in seed prices too [Brookes and 
Barfoot, 2010]. 
 
2. Effects  on  the feedstuff market 
in the EU 
Maize and maize-byproduct imports 
 
The United States grows about 40% of the 
maize world production (around 800 million 
tonnes a year). Other major maize producing 
countries include China, the EU, Brazil, Mexico, 
India and Argentina. The United States is not 
only the world's top maize producer, but also 
the top exporter. On average, about 20 percent 

of U.S. corn is exported. The United States, 
Argentina and Brazil are the the world’s three 
largest maize exporters with above 80% share 
of world maize trade. The U.S. share of global 
maize trade is around 60%, Argentina with a 
small domestic market is the world’s second 
largest maize exporter. In the last several years, 
Brazil has targeted the EU’s demand for non-
GM maize. This marketing situation is assumed 
to decline as Brazil continues to expand the 
planting of GM maize varieties (Table 3). 
In fact, the EU has not been able to import 
maize from the United States since 1997 
because there has not been a harmonisation of 
approvals in the EU and the United States. 
Other countries, primarily Argentina, have 
provided a substitute for the previous exports 
from the United States. However, in 2007 there 
were also substantial problems with the 
importation of maize from Argentina for the 
starch industry as well as for the feed sector due 
to a GMO trait (event GA21 or ”Herculex”) not 
approved in the EU. Until this trait was 
approved in 2008 maize could only have been 
exported from Argentina to the EU if the 
Argentinean authorities had issued an analysis 
certificate for each shipment confirming the 
absence of GA21. This time demand for maize 
in the EU was concentrated on maize from 
Brazil, which has intensified the acceleration in 
prices on the feedstuff market. The compound 
feed producers in the EU had to pay up to 50 €/t 
more for maize from Brazil. 
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Table 3. Global maize trade [Million tonnes] 
 

 2009/2010 2010/2011* 
Global trade 86.0 88.5 

Exporters 
USA 49.5 50.8 
Argentina 12.0 13.0 
Brazil 7.5 7.0 
Ukraine 5.0 5.0 
South Africa 2.5 2.5 

Importers 
Japan 16.3 16.3 
Mexicó 8.0 9.1 
South Korea 7.8 8.6 
Egypt 5.0 5.4 
EU-27 2.5 2.5 

*Forecast, Source: USDA [2010] és Toepfer International [2010] 
 
The EU used to import significant quantities of 
maize by-products from the USA for use as 
animal protein feed (CGF and DDGS). 
However, this trade declined sharply from 2007 
because the USA adopted new GM maize crops 
before they were cleared for EU import. This 
was the first example of an asynchronous GM 
approval problem for the EU feed and livestock 
industries. The reduced import of US maize by-
products has been replaced by the use of other 
feed materials, at a cost to feed compounders 
and livestock farmers, especially in the ruminant 
sector. 
 
Protein feed imports 
 
Many countries with limited opportunity to 
expand oilseed production, such as China and 
some countries in South Asia, have invested 
heavily in crushing capacity in recent years. As a 
result, import demand for soybean and other 
oilseeds has grown rapidly. China’s expansion of 
crushing capacity changes the composition of 
world trade by raising global import demand for 
soybeans rather than for soybean meal. 
Argentina, Brazil and the United States account 
for 90% of world export of soybean and soybean 
meal. 

The USA, Brazil and Argentina dominate 
soybean cultivation worldwide accounting 
for 80 to 85% of global production (250 
million tonnes a year). Other significant 
producing countries are India, with an output of 
7 to 8 million tonnes (3%) and the People’s 
Republic of China with 16 million tonnes (7%) 
a year. China is not at all of significance as an 
exporting country; it is instead by far the leading 
soybean importing country. Imports into China 
amounted to 46 million tonnes in 2009/2010, or 
54% of world soybean trade. While China has 
generally no exports, India exports 3 to 4 million 
tonnes of soybean meal a year mainly to the 
Asian region. Thus, there are no real 
alternatives to imports from the three large 
producing countries. Soybean global trade is 
about one third of its total production. The 
USA, Brazil and Argentinia contribute 90% of 
total world soybean exports. Besides China 
and India, all the other soybean and soybean 
meal producing and exporting countries have for 
the most part switched the cultivation of 
soybeans to the GMO varieties (Table 4). 
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Table 4. Global soybean trade [Million tonnes] 

 

 2009/2010 2010/2011* 
Global trade 85.4 87.9 

Exporters 
USA 39.6 36.7 
Brazil 28.4 28.9 
Argentina 7.5 12.5 
Paraguay 5.4 4.8 

Importers 
China 46.0 49.0 
EU-27 13.0 12.6 
Japan 3.6 3.6 
Mexico 3.5 2.5 
Taiwan 2.5 2.3 

*Forecast 
Source: USDA [2010] és Toepfer International [2010] 

Soybean meal is the most used vegetable protein 
feed as an animal feed ingredient. Soybean meal 
is considered premium to other oilmeals due to 
its high protein content. The USA, Brazil, 
Argentina and India are the world’s major 
producers and exporters of soy meal. The 
USA is the biggest producer but Argentina is the 
leading exporter followed by Brazil and the 
USA. The United States also has a big domestic 
demand whereas Argentina has limited local 
demand. Soybean meal world production was 
161.6 million tonnes in 2009/2010. Generally, 
the United States, Argentina and Brazil 
contribute 55% of the world soybean meal 
production, while China imports soybeans from 
these countries in huge and increasing quantities 
for crushing. In recent times China has 
overtaken the U.S. in soybean meal production.  
  
Soybean meal world trade is around 56 million 
tonnes, which is approximately one third of its 
total production. Argentina, Brazil and the 
USA, the world's first, second and third largest 
meal exporters, account for 85 to 90% of total 
world soybean meal exports. Argentina 
exports around 98% of its soybean meal 
production. No real alternatives exist to 
imports from the three large producing and 

exporting countries since South East Asian 
countries are major markets of Indian soybean 
meal. India has a freight advantage over 
American countries for supply to Asia (Table 5). 
 
EU-27 imports more than 40% of the soybean 
meal available in world market. Though China 
is a biggest consumer of soybean meal it does 
not directly import meal but beans for crushing. 
EU-27 is the major destination for Argentinian 
and Brazilian soybean meal. The EU imports 
soybeans and soybean meal from the three 
large soybean producing countries. Of total 
imports in 2009 the amount of 12.9 million 
tonnes of soybeans, 8.9 million tonnes came 
from Brazil (69%), 2.2 million tonnes from the 
USA (17%) and just 0.1 million tonnes from 
Argentina (1%). The remaining 1.7 million 
tonnes were imported mainly from other South 
American countries. Dominating soybean meal 
exports into the EU is Argentina and Brazil. Of 
total imports of 20.7 million tonnes, 11.2 million 
tonnes (54%) came from Argentina and 8.7 
million tonnes (42%) from Brazil. The USA 
supplied only 0.3 million tonnes (Table 6).

 
 



 38

 
Table 5. Global soybean meal trade [Million tonnes] 

 

 2009/2010 2010/2011* 
Global trade 56.0 56.6 

Exporters 
Argentia 26.0 29.3 
Brazil 12.0 11.8 
USA 10.2 8.0 
India 2.2 3.1 

Importers 
EU-27 22.5 23.5 
Vietnam 2.6 2.7 
Indonesia 2.5 2.6 
Thailand 2.2 2.2 
Japan 1.9 1.9 
South Korea 1.9 1.9 

*Forecast  
Source: USDA [2010] és Toepfer International [2010] 

Table 6. EU-27: Imports of soybeans and soybean meal, by country 

Megnevezés 2007 
(million tonnes) 

2008 
(million tonnes) 

2009 
(million tonnes)  

2009 
(%) 

Soybeans 15.1 14.4 12.9 100 
thereof: Brazil 9.5 8.5 8.9 69 

           USA 3.3 3.7 2.2 17 
           Argentina 0.3 0.3 0.1 1 

Soybean meal 23.6 23.2 20.7 100 
thereof: Argentina  14.6 13.2 11.2 54 
             Brazil  8.5 9.1 8.7 42 

           USA 0.2 0.5 0.3 1 
Source: Eurostat [2010] 
 
The world’s largest producer of GM-free soy is 
still Brazil. In 2009, 29% of Brazilian soybean 
production, or 17 million tonnes was cultivated 
as GM-free. Of this quantity, 9.4 million tonnes, 
or 16.3% of the Brazilian soybean harvest, of 
soybeans certified as GM-free (N on -GMO-
Standard) – i.e. with guaranteed traceability 
with respect to origin and purity – were 
available. The discrepancy between the 
quantities of soybean cultivated as GM-free and 
the quantities of GM-free certified soya is a 
result of the fact that products that have 
undergone the certification process are more 
costly and only if traders are certain that they 
can pass on the price surcharge to their 
customers will they subject their harvest to such 
a process. If there is no specific demand for GM-

free soya, then it may simply be mixed with GM 
soy and sold as genetically modified. How much 
GM-free soy is actually delivered to the EU 
depends on local needs, i.e. on European 
producers of animal feed and food, on food 
retailers and on demand from farmers and 
consumers [Céleres, 2008]. 
 
Besides grain, oilmeals also play an important 
role for the feedstuff supply. In total, 56 to 58 
million tonnes of protein-rich feedstuffs are used 
in the EU in a marketing year. To a large extent, 
the oilmeals are not produced in the EU but 
rather imported from third countries. Of this, 
soybean meal alone amoonts to 30 million 
tonnes, or 53%. Around 21 million tonnes are 
imported directly as soybean meal, while 13 
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million tonnes come from the processing of 
soybeans into soybean meal and soy oil in the 
EU. The use of rapeseed meal is also expected to 
increase further from the current 12 million 

tonnes. In addition, 7 million tonnes of 
sunflower seed meal is used as feed in the EU 
(Table 7). 

 
Table 7. EU-27: Feedstuff balance [Million tonnes] 

 

 
Total domestic 

use 
2008/2009 

Total domestic 
use  

2009/2010 

Imports 
2008/2009 

Imports 
2009/2010 

Total oilmeals, grain byproducts, citrus, 
beet, pulp pellets, pulses, tapioca 

82.6 85.0 35.6 34.7 

Oilmeals 56.2 57.8 30.4 30.4 
Grain byproducts (CGF, DDGS, 
corngermmeal, wheat bran) 

12.6 13.8 0.5 1.0 

Citrus/Beet pulp pellets  5.3 5.9 1.4 1.3 
Pulses (peas, feedbeans, lupins) 2.4 2.4 0.3 0.2 
Molassis 5.9 5.2 2.8 1.8 

Source: Toepfer International [2010] 
 

Hungary is a large exporter of maize without any 
imports. Presently, no GM crops are produced 
in Hungary due to the introduction of a 
moratorium on the production of GMOs in 
2005. Most of the protein feed used in Hungary 
is imported. Soybean meal accounts for 0.7 

million tonnes a year (Table 8). Demand for 
non-GM soybean meal is negligable (petfood 
producers are the only customers of a small 
quantity of non-GM meal) since the premium of 
50 US$/t is not paid by the market. 

 

Table 8. Hungary: Imports of feedstuff [Tonnes] 
 

 2007 2008 2009 
Bran, sharps etc from working cereals and leg plants (2302) 420  1 031 2 964 
Residues of starch mfr or sugar mfr or brewing etc (2303) 22 024 25 785 42 676 
Ssoybean oilcake and other solid residue, wh/not ground (2304) 831 571 796 139 654 648 
Oilcake etc nesoi, from veg fats and oils nesoi (2306) 92 441 54 730 74 408 
Cereal groats, meal and pellets (1103) 374 1 463 2 176 
Flour and meal of oil seed & olea fruit (no mustard) (1208) 5 390 4 183 3 979 
Rutabagas, hay, clover and other forage products (1214) 3 743 3 708  796 

Source: Hungarian Central Statistical Office [2010]

As can be seen from the example of ”Herculex“ 
(GA21), delays in the approval process have 
already had significant effects on the feedstuff 
supply in the EU. Due to the delayed approval 
process for ”Herculex“, imports into the EU of 
CGF and DDGS started to decline dramatically. 
While 2.6 million tonnes of CGF and 0.7 million 
tonnes of DDGS had been imported in the 
2005/2006 marketing year, it was only around 
0.5 million tonnes of CGF and 0.5 million 
tonnes of DDGS in 2009/2010. The products 
imported were those produced from maize 

grown in 2006 and exported from the US to the 
EU until December 2007 (Table 8). Another 
example was the new herbicide-tolerant soybean 
(MON89788, known as Roundup Ready 2 or 
RR2 soybean), which was submitted in 2006 for 
approval to U S and EU authorities. Problems of 
asynchronous approval in soybean imports with 
significant increases in feed expenditure costs 
were expected for the case of RR2 soybeans. 
Thus in order to avoid the expected problem of 
low-level presence in soybean imports to the 
EU, RR2 was authorised by the European 
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Commission rather quickly at the end of 2008 
[EC, 2008]. 
 
Together with the Corn Refiners Association in 
the USA, the exporter and importers created an 
action plan that attempted to ensure that no 
Herculex GMO would be found in any delivery 
of CGF and DDGS into the EU. However, in 
two thirds of all samples tested, Herculex corn 
was found. This confirms the high sensitivity of 
the specific testing method (basically a single 
changed gene in a sample is sufficient to result in 
a positive signal) and that in spite of the greatest 
possible separation of the flow of goods, 
absolute zero tolerance cannot be 
guaranteed. In addition to CGF and DDGS, 
rapeseed meal also could not be imported into 
the EU in 2008 because the approval had not yet 
been received for a trait that was cultivated in 
Canada. In the past, the EU imported up to 0.6 
million tonnes of rapeseed meal from Canada 
[Toepfer International, 2008]. 
 
In the case of CGF and DDGS, it will be 
possible to once again import larger volumes in 
2010 following the approval of three maize 
events by the EU Commission in November 
2009. The volume of imports depends heavily 
on the competitive pricing of these 
commodities. The amount of feedstuff imports 
to the EU will also depend in the future on 
further developments in the area of green 
genetic engineering. In particular this affects 
maize and soybean imports from North and 
South America. Since 2006, genetically modified 
maize events have been grown in the USA and 
Canada which until November 2009 were not 
approved in the EU. Thus importing maize and 
maize byproducts (corn gluten and DDG) from 
the USA was only possible until this time at high 
risk. With the approval of three maize events 
(MON 89034, MON88017 and MIR604) in 
October and November 2009, imports of corn 
gluten and DDG once again became possible 
[Toepfer International, 2010]. However, new 
events, for example “stacked" event (a 
combination of multiple events) will be available 
in the future for cultivation that have not yet 

successfully passed the EU approval procedure. 
The rule on complete zero tolerance continues 
to apply to such GMOs that have not yet been 
fully approved in the EU so that even the 
smallest, non-quantifiable traces of non-
approved GM events result in a marketing ban. 
That was the case in 2009 when traces of the 
CDC Triffid linseed event were proven to be in 
Canadian linseed. 
 
Against this backdrop, European associations in 
the food and animal feed chain have asked the 
EU Commission to come up with a proposal for 
a technical solution as soon as possible. 
Otherwise, trade distortions and competitive 
disadvantages once again threaten the EU's 
agricultural and food industry. In addition, the 
approval procedure, as originally provided for in 
the legislation, must be placed on a purely 
scientific basis in order to speed up the approval 
process and achieve greater harmonisation with 
approvals in the export countries. Binding 
regulations on the existence of minor traces of 
GM materials (low-level presence) are also 
urgently needed. This is the only way of 
sustaining the EU agricultural and food industry 
in the long term and of maintaining the highest 
possible level of domestic food production. 
 
3. The authorisation process in 
practice 
 
The problem with GM is the way it has been 
introduced, primarily as a way of maintaining 
the sales of pesticide companies. In less than 
three decades, a handful of multinational 
corporations has engineered a fast and furious 
corporate enclosure of the first link in the food 
chain. The concentration of corporate power in 
commercial seed and agrochemical production 
is unprecedented, as is its crossover with the 
powerful US-based commodity trading 
corporations Cargill, ADM and Bunge. In 2007, 
intellectual property rights have been applied to 
67% of the global seed market (Table 9). Three 
companies – US-based Monsanto, DuPont and 
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Swiss-headquartered Syngenta – controlled 
nearly half of the total global market in 
proprietary seeds. Just six companies – the 
above three plus Bayer, BASF and Dow 

AgroSciences – control over two-thirds of the 
global agrochemical market [ETC Group, 
2008].

 

Table 9. World’s top 10 seed companies 
 

Company 
2007 seed sales 
(US$ millions) 

% of global proprietary 
seed market 

1. Monsanto (USA)  4,964                                23 
2. DuPont (USA)  3,300                                15 
3. Syngenta (Switzerland)  2,018 9 
4. Groupe Limagrain (France) 1,226 6 
5. Land O’ Lakes (USA)                               917 4 
6. KWS AG (Germany)                                702 3 
7. Bayer Crop Science (Germany)                               524 2 
8. Sakata (Japan)    396                                <2 
9. DLF-Trifolium (Denmark)     391                                <2 
10.Takii (Japan)     347                                <2 
Top 10 Total                          14,785  67% 

Source: ETC Group [2008] 

Every GMO that is allowed to be placed on the 
market in the EU is required to be labelled if it 
contains more than 0.9% GMO. If it has less 
than 0.9% GMO, it does not have to be labelled, 
provided that this amount is either adventitious 
or technically unavoidable. In the USA, Canada, 
Japan and Taiwan, food with a content of up to 
5% of approved GM material can be classified as 
“non-GM”; however, in Australia, New Zealand, 
South Africa, Brazil or China, all food with more 
than 1% approved GM material has to be 
labelled as “GM” [Ramessar et al., 2008]. 
Although the approval process for a GMO is 
subject to clear rules and regulations, time and 
again these rules and regulations are again more 
or less overridden. This does not apply to the 
scientific risk assessment. Article 18, Section 1 
of Regulation 1829/2003 stipulates that the 
EFSA (European Food Safety Authority) should 
attempt to give its opinion within a period of 6 
months from receipt of a valid application. 
However, the EFSA does at times take an 
extremely long time to complete the risk 
assessment. There have also been cases in which 
delays were due to incomplete applications 
received from the companies. However, to a 
large extent it is the EU Member States that are 
contributing to the delays in the approval 
process. An example of this is the “Herculex” 

corn: The Commission granted the approval for 
“Herculex” corn (DAS 59122-7) effective 
October 24 2007, i.e. two years and nine months 
after the application had been filed [DG AGRI, 
2007]. The EU GMO approval system takes 
more time than in other countries (average of 
over 30 months compared to 15 months for 
example in the USA (Table 10). 
The commercialisation of GM crops is a 
regulated activity, and countries have different 
authorisation procedures. New GM crops are 
not approved simultaneously. This 
asynchronous approval in combination with a 
zero-tolerance policy towards low-level presence 
of nationally unapproved GM material in crop 
imports is of growing concern for its potential 
economic impact on international trade. There 
is an obvious difference between traces of 
nationally unapproved GM material due to 
asynchronous approval and isolated foreign 
approval or due to the accidental presence of 
research events: in the former two cases the 
source of the traces is a GM crop that – 
somewhere – presumably has passed some kind 
of safety evaluation and has been authorised for 
commercial use. By contrast, traces of research 
events necessarily come from crops that are not 
authorised for commercial use anywhere [Stein 
and Rodríguez-Cerezo, 2010b]: 
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Table 10. Asynchrony of first approvals of GM crops for any use between the United States 
and the EU (2009) 

GM crop USA EU Delay (years) 

Roundup Ready soy (MON 40-3-2), Monsanto 1994 1996 2 

Bollgard cotton (MON531), Monsanto 1995 1997 2 

Roundup Ready cotton (MON1445), Monsanto 1995 1997 2 

NaturGard KnockOut maize (Bt176), Syngenta 1995 1997* 2 

LibertyLink maize (T25), Bayer 1995 1998 3 

YieldGard CB maize (MON810), Monsanto 1996 1998 2 

Agrisure CB maize (Bt11), Syngenta 1996 1998 2 

Agrisure GT maize (GA21), Syngenta 1997 2005 8 

LibertyLink canola (T45), Bayer 1998 1998 0 

LibertyLink soy (A2704-12), Bayer 1998 2008 10 

Roundup Ready canola (GT73), Monsanto 1999 1996 -3 

InVigor canola (MS8xRF3), Bayer 1999 1999 0 

LibertyLink rice (LLRICE62), Bayer 2000 Assessment Current AA 

SeedLink canola (MS1xRF1), Bayer 2002 1996* -6 

SeedLink canola (MS1xRF2), Bayer 2002 1997* -5 

TOPAS19/2 canola (HCN92), Bayer 2002 1998* -4 

Roundup Ready 2 maize (NK603), Monsanto 2000 2005 5 

Herculex I maize (1507), Dow/Pioneer 2001 2006 5 

Bollgard II cotton (MON15985), Monsanto 2002 2003 1 

YieldGard RW maize (MON863), Monsanto 2002 2006 4 

LibertyLink cotton (LLCotton25), Bayer 2003 2008 5 

Widestrike cotton (210-23x24-236), Dow 2004 Assessment Current AA 

Herculex RW maize (59122), Dow/Pioneer 2005 2007 2 

Roundup Ready sugar beet (H7-1), KWS/Monsanto 2005 2007 2 

YieldGard VT maize (MON88017), Monsanto 2005 Assessment Current AA 

Roundup Ready Flex cotton (MON88913), Monsanto 2005 Assessment Current AA 

Mavera High Value maize (LY038) Renessen/Monsanto 2006 Assessment Current AA 

Roundup Ready 2 soy (MON 89788), Monsanto 2007 2008 1 

Agrisure RW maize (MIR604), Syngenta 2007 Assessment Current AA 

Amylase maize (3272), Syngenta 2007 Assessment Current AA 

YieldGard VT PRO maize (MON89034), Monsanto 2008 Assessment Current AA 

Optimum GAT maize (98140), Pioneer 2008 Assessment Current AA 

Optimum GAT soy (356043), Pioneer 2008 Assessment Current AA 

3 events in soy and cotton Submitted Submitted (0) 

1 event in potato (BASF’s amflora) Not submitted Approved 

7 events in maize, soy, cotton, and alfalfa Submitted Not submitted 

>60 events in maize, soy, cotton, canola, potato, rice, and sugar beet Approved Not submitted 

 
 

Isolated foreign approvals 

Notes: (i) Apart from asynchronous approval (AA) and isolated foreign approval of GM crops between the United States and 
the EU, there is also a rising number of GM crops from other countries (China, India) that contribute to this issue. 
(ii) Differences in approval time can also be due to the timing of the submission of the respective dossiers by the developer. 
(iii) Approvals in the EU that are marked with an asterisk (*) have already expired and no renewal has been sought by the 
developer. 
(iv) In the case of canola, which is of less importance in US agriculture, there are also cases where the event was approved in 
the EU first. 
Source: Stein and Rodríguez-Cerezo (2009b) 
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1. There can be “asynchronous approval”, 
i.e., at least one cultivating country has 
already authorised a GM crop while 
other (importing) countries have not. 

2. There can be “isolated foreign approval” 
(or “asymmetric approval”), i.e. a 
cultivating country has authorised a GM 
crop but its developer does not seek 
approval in (potential or unattractive) 
importing countries. 

3. There can be “low-level presence” of 
research events, i.e., a country has 
authorised the cultivation of a GM crop 
in field trials only but, due to accidental 
admixture, traces end up in the 
commercial crop supply. 

 
Another question is what level of nationally 
unapproved GM material constitutes a "low" 
level that, depending on the country, may be 
tolerated in crop shipments or not. In the 
United States, for instance, GM crops as such 
are not regulated; it is rather their use (e.g. as 
food or as pesticide) that may require their 
approval. As long as a GM crop is similar to a 
conventional crop, no authorisation is needed 
for its cultivation or use; only if the crop fulfils, 
for example, the function of a pesticide (as 
insect-resistant or herbicide-tolerant crops do) 
does it need to be regulated as such. Hence, if 
traces of a GM crop are detected that has not 
been submitted to the regulatory agencies, the 
latter determine on a case-by-case basis whether 
the GM crop could pose a risk and take 
proportionate measures [USDA, 2007]. In 
Switzerland traces of unapproved GM material 
of up to 0.5 per cent are tolerated in food if the 
respective GM crop is already authorised in 
another country where comparable procedures 
are followed or if a danger to human health can 
be excluded after an ad-hoc science-based 
evaluation [Federal Authorities of the Swiss 
Confederation, 2008]. 
 
And even in the EU the unintentional presence 
of other substances is treated differently. For 
instance, for certain chemical substances that are 

present in the environment as pollutants, levels 
higher than zero have been set to protect public 
health [EC, 2006]. However, there are no 
tolerance thresholds for the presence of 
unapproved GM events, and in practice low-
level presence of unapproved material is 
associated to the detection level of laboratory 
tests. Recently the introduction of a technical 
solution for the allowance of measurement 
errors has been suggested by Fischer Boel, the 
former EU Commissioner for Agriculture to 
instill confidence into the detection methods 
and to avoid false positives [Fischer Boel, 2009]. 
At present any traces of unapproved GM 
material above the detection level are 
considered to represent low-level presence. 
 
Strict regulations in politically powerful or 
economically relevant countries may have a 
detrimental impact on the development of 
potentially welfare-enhancing crops. If 
developing countries even have to fear the loss 
of markets for economically important export 
crops because of possible but unavoidable traces 
of unrelated GM crops, these countries may 
become still more hesitant to adopt GM crops 
for domestic use that could potentially enhance 
productivity and farmers' welfare [Graff et al., 
2009]. 
 
Low-level presence problems can be expected to 
intensify when more new GM crops are 
commercialised in the coming years in more 
countries. By 2015 there could be over 120 
different transgenic events in commercialised 
GM crops worldwide – compared with over 30 
GM events in commercially cultivated GM 
crops in 2008 (Table 11). Although the 
commercialisation of the crops shown may be 
technically possible by 2015, the practical – or 
rather regulatory – feasibility may be more 
questionable (e.g. for rice in particular), given 
that in some of the developer countries no GM 
(food) crops have been authorised so far [Stein 
and Rodríguez-Cerezo, 2010b]. 
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Table 11. Events in commercial GM crops and in pipelines worldwide, by crop 
 

Crop 
Commercial  

in 2008 
Commercial 

pipeline 
Regulatory 

pipeline 
Advenced 

development 
Total by 

2015* 
Soybeans 1 2 4 10 17 
Maize 9 3 5 7 24 
Rapeseed 4 0 1 5 10 
Cotton 12 1 5 9 27 
Rice 0 1 4 10 15 
Potatos 0 0 3 5 8 
Other crops 7 0 2 14 23 
All crops 33 7 24 61 124 

Notes:* The total number of GM crops by 2015 represents an upper limit, given that by then some of the current GM crops 
may have been phased out. 
Source: Stein and Rodríguez-Cerezo [2009a] 
 

Another development with GM crops is the 
emergence of more players. While currently 
private companies from the United States or 
Europe develop most of the GM events and 
crops (which are generally first authorised and 
cultivated in the United States), over the next 
few years more GM crops will be supplied by 
private and public entities from Asia in 
particular from China and India (Table 12). In  

 

the longer term, even more developing countries 
may commercialise GM crops [FAO, 2009]. 
Hence, while in the past GM crop adoption 
spread from North America to other parts of the 
world (with asynchrony of approvals following 
the same path), in the future the adoption 
pattern may change fundamentally, with more 
new GM crops being adopted first in Asia and 
then potentially spreading from there. 

 

Table 12. Events in commercial GM crops and in pipelines worldwide 
by region of origin 

 
Developer 
country* 

Commercial in 
2008 

Commercial 
pipeline 

Regulatory 
pipeline 

Advanced  
development 

Total by 
2015 

United States/ 
Europe 

24 7 10 26 67 

Asia 9 0 11 34 54 
Latin America 0 0 2 1 3 

Source: Stein and Rodríguez-Cerezo [2009a] 
 

This changing pattern, with more new GM 
crops coming from Asia, has consequences for 
the issue of low-level presence. In Asia, GM 
crops are usually developed for domestic 
consumption and not for export and therefore 
the respective events are less likely to be 
submitted for approval in the EU or the United 
States. Hence, incidents due to isolated foreign 
approval or asymmetric approval could become 
more common (Table 13). However, as has 
been seen in the recent cases where traces of 
GM maize in soybeans led to the rejection of the 
soybean shipments, under certain regulatory 
settings (in particular zero tolerance towards 
low-level presence) the cultivation of one type 

of crop may even affect the marketability of 
other types of crops. This means that if third 
countries want to authorise GM varieties of 
crops that are welfare-enhancing for their 
societies, in future they may also consider the 
potential impact of cross low-level presence in 
different, but export-relevant, crops. The extent 
to which this situation shapes the approval and 
development of future agbiotech innovations 
remains to be seen. Unfortunately, past 
experience with the use of GM crops shows that 
irrational fear of export losses represents a 
significant impediment to biosafety 
policymaking [Stein and Rodríguez-Cerezo, 
2010b]. 
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Table 13. Asynchronous and isolated foreign approvals as potential sources for low-level presence 
 

Crop Asynchronous approvals* Isolated foreign approvals# 
Total sources for low level 

prsence 
Soybeans 2 1 3 
Maize 6 5 11 
Rapeseed 0 1 1 
Cotton 3 9 12 
Rice 1 4 5 
Potatoes 0 2 2 
Other crops 0 8 8 
All crops 12 30 42 

Notes: * Number of individual events authorized for commercial use in at least one country worldwide, and submitted but not 
yet authorised in the EU. 
# Number of events not submitted for authorisation in the EU but already in the regulatory pipeline in at least one country 
worldwide. 
Source: Stein and Rodríguez-Cerezo [2009a] 
 
By 2009, there were already more than 40 
individual GM events that may become 
potential sources of low-level presence. And 
although some of the major exporters of 
agricultural commodities – like Argentina and 
Brazil – so far have considered trade 
implications when authorising new GM crops, it 
is by no means guaranteed that this situation will 
last. Other countries, like China could gain 
importance as importers of these commodities 
(of soybeans in particular), or the advantages of 
cultivating certain new GM crops in exporting 
countries could simply outweigh the potential 
loss of sensitive markets. Moreover, increasing 
biotechnology know-how in emerging 
economies themselves can strengthen “South-
South” technology transfers, which could boost 
the acceptance and adoption of GM crops in 
cultivating countries. In this case, the number of 
alternative suppliers of non-GM crops 
decreases, thereby making it more and more 
difficult to simply redirect trade flows by 
matching exporters of GM crops with “easy” 
importing countries and letting the remaining 
exporters supply the more sensitive markets 
[Vaidyanathan, 2010]. 
 
In the early days there was no concept of using 
GM to improve product quality; this would be 
the way for the future, including traits that 
improve water use, nitrogen uptake, salt and 
drought tolerance, as well as better nutritional 

properties such as omega-3 or fat profiles. In 
addition to the increasing number of new GM 
events, there is also the tendency to generate 
new products by combining different GM traits 
in one plant, i.e. through the stacking of already 
approved GM events. When individual 
authorised GM events are “stacked” by 
conventional crossing, the resulting new plant 
may have a different regulatory status in 
different countries. For instance, the EU 
requires each stacked GM crop to go through 
the regulatory system as a new GM crop, 
irrespective of whether the parental GM events 
were already authorised or not. Given the 
increase of individual GM events that are to 
come to market in the next years, eventually 
hundreds of combinations of these events can be 
quickly developed by stacking – meaning that 
the number of GM crops that could be 
submitted for approval could increase 
dramatically. 
 
4. How real is the threat of a 
major feed supply problem? 
 
The profitability of livestock production is 
influenced by many factors. While its success 
depends in part on the demand for the produced 
products, the operating costs influence the 
success or failure of production. Operating costs 
refer mainly to feedstuff costs but also to 
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transaction costs such as environmental 
regulations, labelling and animal welfare 
requirements. In 2008, 200 thausand tonnes of 
conventional animal feed – mainly soy and 
maize – were refused entry to the EU when they 
were found to contain small amounts of GM 
maize varieties. Then linseed from Canada was 
found to contain traces of a GM variety named 
CDC Triffid that was withdrawn from 
commercial sale in 2001. Following a ban on 
linseed more than 100 shipments were rejected, 
but trade is slowly resuming. The rejected 
volume is only a fraction of the 35 million 
tonnes of feed imported each year. But it leads 
to delays to subsequent consignments, higher 
prices and a reluctance by importers to risk 
further shipments. 
 
Although the EU depends much less on imports 
for maize than for soybeans, the experience with 
Bt10 and the Herculex maize has shown that 
low-level presence in maize can still have 
considerable economic repercussions 
throughout the EU’s supply chain. Following 
the detected presence of GM maize variety Bt10 
(not authorised in the EU) in imports from the 
USA in 2005, and more recently the potential 
for the accidental presence of the unauthorised 
GM maize Herculex, the feed industry has 
stopped importing CGF and DDFS from the 
USA. Where cargoes have been rejected due to 
the presence of unauthorised GM varieties these 
have been re-directed to other markets. 
Alternative cereal proteins have been sourced 
but at an additional cost to livestock producers. 
Moreover, especially for maize the stacking of 
events can quickly generate more crops that are 
considered new GMOs under the EU’s 
regulatory framework. 
 
A possible situation of asynchronous approval of 
RR2 soybeans was avoided by their approval by 
the European Commission before first 
commercial plantings took place. Soybean 
imports are vital for the EU agrifood sector: 
more than 90% of the soybeans used in the EU 
are imported, and more than 80% of these 
imports come from only two suppliers, namely 

Brazil and the United States. Therefore, 
asynchronous approval in soybeans could not 
only result in economic losses for traders and 
users of soybeans, but in combination with zero 
tolerance towards traces of unapproved GM 
material, it could pose a real threat to the EU 
supply of food and feed. However, the approval 
of the RR2 soybeans has not solved the problem 
of asynchronous approval in soybeans in the 
long run as there are several new GM soybeans 
in the regulatory pipeline and much more in the 
advanced R&D pipeline worldwide. Future 
problems due to low-level presence in soybeans 
cannot be excluded. 
 
In 2007, the first approvals were granted in the 
USA for the planting of the second generation 
of transgenic soybean, namely Roundup 
Ready 2 (RR2). The farmers had shown a great 
deal of interest in the new varieties. These 
imports were at risk because the three traits had 
not been approved in the EU until the end of 
2008. Consequently, a large part of the protein 
feedstuff needed in the EU would have been 
absent but also the supply of soy oil and lecithin 
as raw materials for the food industry would 
have been severely endangered. Significant 
increases in feed expenditure costs were 
expected for soybeans but the problem was 
solved by the timely authorisation of RR2 
soybeans by the European Commission [EC, 
2008]. 
 
With the continued increase in GM soya 
cultivation in the main exporting countries 
(Argentina’s production is already 98% GM, the 
US’s cultivation is about 91% while that of Brazil 
is 71% and rising) and this is being used in large 
volumes as a compound feed ingredient in the 
EU. The EU feed and food sectors are worried 
that it will become impossible to maintain the 
current non-GM soya supply chain. The 
situation is of more immediate concern for parts 
of the animal feed industry due to the volume of 
soybean and soybean meal imported for feed 
use. Certified non-GM soya costs more than 
GM, with the premium varying according to the 
supply and demand situation It has been 
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anywhere from US$5/tonne to US$80/tonne in 
recent years. At the beginning of 2010, the 
premium was around US$50-60/tonne. 
Demand for non-GM soybeans and maize for 
human consumption fell in Japan and South 
Korea as well where threshold levels of up to 5% 
have been set. 
The adoption of GM technology by commodity-
exporting countries, particularly in North and 
South America, means that imported feed 
materials will contain an increasing proportion 
of GM-derived products. The demand for non-
GM feed has been decreasing with parts of the 
EU livestock industry moving away from organic 
or identity preserved conventional feed. It was 
estimated that over 90% of compound feed fed 
to livestock in the EU contains one or more GM 
events. According to surveys of Toepfer 
International around 3 million tonnes of 
soybean meal are used that are not subject to 
required labelling [Toepfer International, 
2008]. Soybean meal not requiring labelling 
thus has a share of approx. 8.5% of total soybean 
meal consumption in the EU, so that this can 
still be referred to as a niche market. This 
soybean meal is used almost exclusively in the 
broiler sector. 
 
There will be sufficient supply to cover the 
demand for soybeans not requiring labelling as 
long as the premium requested by the Brazilians 
is paid. A prerequisite for this, however, is the 
authorisation without delay of the new traits of 
transgenic soybeans in the EU for placing them 
on the market and processing them. If a non-EU 
approved GM feed crop is being grown in a 
supplier country at the same time as non-GM 
and/or EU-approved GM varieties, the use of 
strict segregation and Identity Preservation 
systems can reduce the risk of feed supplies 
being affected by finding non-approved 
material, but they cannot eliminate the risk 
completely. 
 
Economic theory also suggests that changes in 
price differentials would militate against the use 
of non-EU approved GM soya lines by Brazil 
and Argentina. Adoption of non-EU approved 

varieties would be expected to create two 
distinct markets, for EU-approved and non-EU 
approved material respectively. As the price gap 
for soya products between the EU and the rest 
of the world widens there would be a strong 
incentive not to switch to non-EU approved 
crops, and to invest in Identity Preservation 
systems to enable EU export sales to continue 
and to benefit from the much higher prices for 
EU-approved varieties. In contrast to the above 
it is highly likely that Brazil and Argentina will in 
future adopt new types of GM soya before EU 
clearance is in place. Since developing countries 
like China have a big and increasing demand for 
soya imports, the EU is no longer such a crucial 
market for suppliers, and therefore the EU 
market demand may no longer dictate what 
Brazil and Argentina choose to produce. Even if 
it is unlikely that there will be an asynchronous 
GM approval problem directly in relation to 
soya supplies from Brazil and Argentina there is 
still a risk that as soon as a new GM soya variety 
is used in the USA it might lead to trace levels 
being detected in supplies from other countries, 
because of the possibility that a bulk cargo vessel 
is used to ship material from both North and 
South America. 
 
In addition, the EU’s significance in world 
soybean and soybean meal trade is declining. 
Imports of 2009 into the EU in the amount of 
around 13 million tonnes of soybeans and 21 
million tonnes of soybean meal represent only 
one fifth of world trade – a declining trend that 
is continuing due to sharply increasing demand 
from the Asian region, primarily China. Soybean 
imports into China in 2009 alone represented 
54% of world trading volume. Biosafety 
certificates for GM rice and maize issued by the 
Chinese Ministry of Agriculture in 2009 
represents one of the most high-profile 
challenges to China's aggressive policy for the 
adoption of transgenic crops. Prices will be 
higher in the future owing to a growing market 
for American farmers selling crops to China, 
which accepts mixed shipments. Increasing 
numbers of GM crop varieties are on the way, 
making screening trickier than ever.  
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In addition, livestock production, especially in 
Brazil but also in Argentina, is growing rapidly. 
Demand for feedstuffs, particularly for soybean 
meal, will increase and domestic consumption is 
therefore likely to rise. With international 
demand for meat growing rapidly at the same 
time, Brazil and Argentina will attempt to use all 
advances in production in order to expand the 
production of soybeans and soybean meal 
correspondingly. This includes the speedy 
introduction of new varietes of transgenic 
soybeans. The supply of non-GM soya to the 
EU market could be reduced as exporters switch 
to supplying the rapidly increasing demands in 
the Chinese and Indian markets. 
 
If low-level presence problems have already 
occurred in the past, when worldwide only 
about 30 events were marketed, these are not 
likely to disappear over the next several years 
when there may be more than 120 events in the 
global market. More and more countries will 
plant GM plants regardless of the length of time 
necessary for the approval process in the EU. 
Individual ad-hoc measures like the quick 
approval of one new GM crop or the other will 
not and cannot address the underlying structural 
problem of low-level presence, as has been 
shown by the recent cross low-level presence of 
GM maize in soybean shipments. Inevitabley 
more trade disruption will come from the 
differences in approval processes in the EU and 
the rest of the world [Hornby and Felix, 2009]. 
 
Strict laws designed to keep the European 
Union free of unauthorised GM crops and 
products are not working, and are posing 
problems for the EU's €150 billion livestock 
industry (production of animal farming in the 
EU was worth nearly €150 billion in 2008). 
Under Europe's "zero-tolerance" laws on GM 
contamination, introduced in 2007, the 
presence of even a few seeds of unauthorised 
GM material will rule out an entire shipment. 
Proposed solutions cover the need to replace the 
EU’s current zero tolerance towards traces of 
unapproved GM material by practical low-level 
marketing thresholds above the detection limit. 

A more pragmatic screening approach is setting 
a threshold – say 0.5 per cent – beneath which 
GM contamination is tolerated since such 
"tolerances" operate for other contaminants, 
including pesticides and heavy metals. So why 
not for GM material, much of which has been 
cleared for human consumption elsewhere in 
the world? Moreover the need to address the 
current situation is also highlighted where the 
official testing of imports takes place only once 
the shipments have already reached the port of 
destination (thus increasing the economic risks 
of the rejection of the shipment). Other 
solutions proposed include the streamlining of 
the regulatory systems, mutual recognition of 
risk assessments of new GM crops and the 
implementation of Codex Alimentarius 
guidelines. 
 
EU livestock farmers are less dependent on CGF 
and DDGS feed imports from the USA but 
much more dependent on soybean and soybean 
meal feed imports from Brazil, Argentina and 
the USA. These three countries supply about 
90% of EU soybean and soymeal imports. Soya 
is the most favoured vegetable protein feed 
because of its nutritional efficiency and 
competitive cost. If this supply chain were 
disrupted due to asynchronous authorisations it 
could have serious adverse effects on the 
livestock sector (and potentially on consumer 
prices). A significant reduction in EU livestock 
production could also have a range of 
consequential effects on land use and the 
environment. It is however difficult to predict 
these with any certainty or precision. The 
precise impact would depend on the extent and 
duration of the shortfall in soya imports. If soya 
imports were halted from Brazil and Argentina, 
there might be scope to secure alternative 
supplies of soya from non-GM producer 
countries like India, but this would not be 
expected to cover a significant shortfall in the 
current supply (total EU imports of soya 
commodities in 2009 were 34 million tonnes, 
whereas total production in non-GM exporting 
third countries was about 25 million tonnes). 
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There is potential for a shortfall in soya imports 
to be replaced in part by imports of alternative 
protein crops like oilseed rape from countries 
such as Russia and the Ukraine, although this 
would be of a lower nutritional value involving 
higher costs and reduced productive efficiency. 
There would be limited scope to replace the use 
of imported soya by increasing domestic 
production of other protein feeds – for example 
co-products from bio-fuel production – in order 
to reduce the EU feed industry’s dependence on 
imported soya. However, the feed industry’s 
research has shown that EU protein production 
could only replace 10-20% of the protein 
supplied by imported soya. What is clear is that 
soya remains the most important source of 
protein in animal feed at present. If soya product 
imports were halted or reduced soya feed would 
have to be replaced by the use of other, less 
effective and more costly feed materials. This in 
turn would impact negatively on the productive 
capacity and profitability of the livestock sector. 
The pig and poultry sectors would be affected in 
particular. 
 

5. General conclusions 
 

Consumer concerns regarding GM technology 
tend to fluctuate with time and may increase 
particularly in response to increased media 
coverage. There is a legal requirement to label 
both GM food and feed ingredients. Consumers 
therefore are able to make an informed choice 
regarding GM food ingredients (if these are 
being used). Many consumers are unaware of 
the extent to which GM feed is used as there is 
no legal requirement to label products from 
animals fed on GM feed. Retailers have differing 
stated policies regarding the use of the terms 
‘GM’, ‘non-GM’ and ‘GM-free’, which can lead 
to confusion for consumers. Regardless of 
retailers’ policies regarding animal feed for EU 
livestock, animal products imported from 
outside the EU are likely to have received GM 
crop varieties that have not been through the 
EU approval process in their feed since there is 
no legislative requirement in the EU to label 
products from animals fed GM feed. Some 

products from animals (e.g. meat) imported 
from third countries, where non-EU authorised 
GM crops were fed to livestock would undercut 
EU producers, thus distorting competition. 
Consumers are unable to distinguish between 
sources of products from animals and are likely 
to be unaware that GM feed is widely used. 
Country of origin labelling would not tell 
consumers if animals have been fed GM feed. 
Consumers may feel that they are being misled. 
 
Most people in Europe may be surprised to 
discover how far GM has already penetrated the 
food supply. Every year millions of tonnes of 
soya enter the food chain. About 80% of soya 
imported into the EU is genetically modified 
[Céleres, 2008]. The vast majority of this comes 
from the United States, Brazil and Argentina 
and is used as animal feed, although most people 
remain unaware. Shipping in GM soya is 
perfectly legal so long as the varieties imported 
are ones that have been authorised by the EU. 
With so much imported GM soya in the system, 
it seems increasingly unlikely that food on the 
shelves in the EU is free of GM. There is just so 
much GM coming in, the probability is that, if 
one tested food from the supermarket shelf, one 
would find traces of GM in it. 
 
Costs of maintaining non-GM supply chains are 
currently absorbed mainly by farmers and feed 
compound producers rather than being passed 
on to consumers. However, in the longer term 
these costs may result in increases in the price of 
products from animals (e.g. milk, meat and 
eggs) for consumers. The rise of the premium 
for non-GM feed for would eventually restrict 
consumer choice as products from third 
countries would be cheaper. The use of non-GM 
feed by EU producers could therefore be driven 
out by market forces. It may be timely to inform 
consumers of the issues surrounding GM and 
non-GM supply chains so that they have a clear 
understanding of current science, the status of 
the non-GM market being reliant on only a few 
exporting countries, and the steady increase in 
GM production. 
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There will always be a niche [market] that 
wishes to consume non-transgenic soybean, but 
today more than three-quarters of the 
population in these countries is consuming GM 
soybean and have been doing so in a steady form 
for the past ten years. People mostly consume 
soybean in the form of meat from livestock that 
has been fed with compound feed. This 
consumption has not grown even higher only 
because of a trend of stabilisation or slight 
decline of compound feed production in the EU, 
which was accompanied also by an increase of 
meat imports from third countries, including 
from Brazil. 
 

The EU is dependent for more than 80% on 
imports of vegetable proteins for which there are 
no substitutes in the short term. GM and non-
GM-soya as a source of protein is imported from 
the USA, Argentina and Brazil. Demands from 
the EU differ to those from third countries with 
respect to the GM varieties grown, and which 
are authorised for import into the EU. This 
could potentially cause problems where low 
level adventitious presence of non-EU 
authorised GM varieties in imports of GM and 
non-GM feed would result in the entire 
consignment being illegal under the EC 
regulatory framework. This presence is likely to 
arise from material which is being grown as part 
of field trials. This could cause supply problems 
for the animal feed industry, and ultimately 
supply of food to consumers. 
 

While the absence of CGF and DDGS could be 
absorbed by rapeseed meal, palm kernel meal 
and grain (at a higher price, however), soybean 
meal can only to a very small extent be 
substituted by other protein feedstuffs. The 
availability of other protein sources on the world 
market is nowhere near enough to substitute to 
an appreciable extent for soybean meal. This is 
true for the animal protein feedstuffs, fishmeal 
and meat and bone meal, as well as for the 
alternative plant protein feedstuffs, such as feed 
peas, field beans, lupins and also rapeseed meal. 
Also from a nutritional perspective, soybean 
meal can be substituted only to a small extent 
because of the optimal composition of essential 

amino acids. Moreover, it cannot be expected 
that other countries will be able to provide the 
substitute for the exports from the South 
American countries. First of all, the necessary 
climatic conditions for soybean limit the 
number of countries where soybean can be 
cultivated. Secondly, it can be assumed that 
because of the increasing competition between 
grain and oilseeds (especially soybean) for 
hectareage worldwide, soybean cultivation 
surface will grow only relatively moderately. 
This makes it all the more important to achieve 
higher yields on existing crop land. This, too, 
makes it seem improbable that Brazil and 
Argentina will make allowances for the EU when 
it grants the approvals for the new traits of 
transgenic soybeans. 
 
Asynchronous approval of new GM crops across 
international jurisdictions is of growing concern 
due to its potential impact on global trade. 
Different countries have different authorisation 
procedures and, even if regulatory dossiers are 
submitted at the same time, approval is not 
given simultaneously (in some cases, delays can 
even amount to years). For instance, by mid-
2009 over 40 transgenic events were approved 
or close to approval elsewhere but not yet 
approved – or not even submitted – in the EU. 
Yet, like some other jurisdictions, the EU also 
operates a zero-tolerance policy to even the 
smallest traces of nationally unapproved GM 
crops (so-called low-level presence). The 
resultant rejection of agricultural imports has 
already caused high economic losses and 
threatens to disrupt global agri-food supply 
chains. 
 
The risk that feed supplies could be affected by a 
low-level presence of non-EU approved GM 
material could be resolved if the EU allowed a 
tolerance for this, rather than operating a strict 
zero tolerance as now. The Commission has 
undertaken to come forward with a non-
legislative technical solution to address the 
difficulties created by a strict zero tolerance 
policy. To what extent this would be helpful will 
depend on the nature of the proposed solution.
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As soon as recombinant DNA technology was 
born (in the seventies of the last century), it 
provoked a comprehensive social-political 
debate with a scope far larger than the scientific 
community, primarily in the USA. It was soon 
found, however, that none of the risks raised in 
the debate came true, whereas many of the 
useful and beneficial applications did, thus the 
debate petered off and is now no more than a 
historical curiosity. One of the most significant 
promises of the new technology, namely 
agricultural application was first realized only in 
1996 and it rekindled the debate, this time 
mainly in Europe. This conference is about this 
debate. Before addressing the subject of my talk, 
which is an analysis of the underlying causes of 
all the antagonism and high emotions elicited by 
GM technology, let me first clarify and 
distinguish the three possible targets of criticism 
(something that the opponents of GM 
technology never do): 
 
1. GM technology itself (i.e. the idea that the 
technology per se is dangerous and should be 
banned or restricted, irrespective of the 
properties of the plant or product created). 
2. The new trait created by GM technology (e.g. 
Bt toxin production, glyphosate resistance etc.). 
3. Economic, political, legal etc. factors 
associated with the adoption of GM technology 
(monopolies, intellectual property rights, 
aggressive business policies of multinational 
companies etc.). 
 
I consider this distinction important, because 
out of the three targets it is only the first one 
whose conceptual scope is identical with the 
object of criticism, i.e. GM plants and food 
products. The second target,  namely  the  newly  

created traits could in exist both  theory and 
practice without the involvement of GM 
technology, and the variety of the often real 
problems they raise is so large that any claim to 
assess them on a common basis is unrealistic. 
The third target (which is probably one of the 
most important motivating factors) only 
partially overlaps with GM technology and all of 
its components are also existent without GM 
technology.  

 
Thus, since only the first target, i.e. the 
technology itself appears to fully overlap with 
the object of criticism, our discussion will 
mainly deal with this one target. And in this 
respect it should be declared straight away that 
this type of criticism has no factual scientific 
basis whatsoever. Not a single scientific 
argument, piece of experimental evidence or 
theoretical consideration supports the idea that 
the technology itself (independently of the new 
traits created) represents any kind of hazard. 

 
After this introduction let us examine those 
social factors and groups whose anti-GM 
motivations are worthy of analysis. 

 
1. The farmers 
2. Certain scientific opponents (anti-GM 

scientists) 
3. Certain political parties, civil 

movements 
4. Political decision makers 
5. Mass communication media 
6. The general public, consumers  

 
Of course, this classification is somewhat 
artificial – the groups listed do not represent 
separable sets, since mass communication has a 
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determining effect on public opinion, and – at 
least in democratic countries – political decision 
makers are also under the influence of the 
media. 
 
Because of its importance, the first factor to be 
examined will be the one with the largest impact, 
i.e. the media. The main reasons for the hostility 
of the media are the following: 

 
1. Prejudice on the part of media workers, 

the majority of whom have been 
educated in the humanities (green 
activists are “good guys”, technocrats are 
“bad guys”) 

2. An unambiguous, emotionally 
overheated statement will pass the 
threshold of the media easier than the 
pondering “on the one hand – on the 
other hand” argumentation of scientists. 

3. Bad news is news, good news is no news. 
4. The principle that if two opposing 

standpoints exist, they should be treated 
equally. 

5. Inclination to exaggerate certain 
“fashionable” dangers. 

 
The first two items in the above list need no 
further explanation: these statements have been 
verified by my own personal experience in a 
number of public TV and radio debates and in 
reports and interviews for the printed press, the 
only exceptions from this rule being professional 
scientific journalists. 
 
Item #3 is also quite obvious. Anybody can see 
that whenever a piece of news on the hazards of 
or the damages caused by GM plants is 
published anywhere in the world, it is adopted 
without criticism and will be headline news 
globally. If this hazard is refuted in any number 
of publications, that makes no news, it is not 
worth even a correction in a hidden corner of a 
column. 
 
As to item #4, one would think journalists are 
taught that, in case if there exist two 
contradictory points of view concerning any 

given issue, impartiality requires both of them to 
be presented in a balanced fashion. In other 
words, the opinion of a member of the Academy 
of Sciences or that of a Nobel Prize winner has 
the same value as the views of a far-left (or far-
right) activist lacking the most elementary 
knowledge of the issue discussed. In our case, 
the large body of experimental evidence on 
GMOs on one side is of the same account as the 
collection of various speculations, suspicions 
and concerns on the other side. 
 
Regarding item #5, let me quote an aphorism of 
Sandman, a risk communication consultant: 
“The risks that hurt people, and the risks that 
upset people are almost completely 
unconnected”. The same phenomenon is 
demonstrated by the following table (Figure 1.) 
that lists the number of reports published in the 
New York Times in two consecutive years on 
various hazards and harms and the number of 
victims these harmful events actually demanded. 
The table does not include the GMO issue, but 
it is easy to imagine what the ratio of the number 
of news published would be to that of the 
harmful effects that actually took place. 

Figure 1.News items published in the New York 
Times in two years, and the number of victims 
 
As I have already emphasized, the prejudices of 
the media discussed above, have a determinant 
role in moulding public opinion as well as the 
attitude of policy makers. Before embarking on 
this line of thought, however, let us first examine 
some minor social groups featuring in the first 
list, which can be considered as stakeholders in 
the GMO debate.  
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As regards farmers, the professionals of 
agriculture – I do not know the distribution of 
standpoints among them either in Hungary or in 
Europe in general. It is a fact, however, that in 
nearly all countries of the Americas as well as in 
most of Southern and Eastern Asia the 
overwhelming majority of farmers are 
enthusiastically using GM seeds, and in many 
countries the very possibility of GM crop 
production was enforced by the farmers against 
the resistance of political leadership. Obviously, 
there is no similar mass demand or pressure in 
Europe. The primary reason for this probably is 
that, whereas in GM-tolerant countries 
agricultural production is ruled by market 
determination, i.e. by purely economic 
efficiency criteria, European farmers produce for 
a protectionistic, subsidized market, where the 
objective of a basically politicized competition is 
mainly the acquisition of subsidies rather than a 
larger share in the global market. 
 
Another group of stakeholders, low in numbers 
but carrying significant weight are scientific 
researchers taking a stand against GMOs. When 
considering them, it must be taken into account 
that – contrary to what the layman thinks about 
science – in the world of science full agreement 
hardly ever exists on anything. Thus, the fact 
that anti-GMO scientists (in fact very few) do 
exist, does not mean that the scientific 
community is basically divided in this question. 
There are, without doubt, significant differences 
between the standpoints of scientists working in 
different disciplines. The overwhelming 
majority of molecular biologists, geneticists and 
biochemists are pro-GMO. The anti-GMO 
attitude is much more common among 
ecologists, botanists and zoologists, but it is still 
not a majority. GMOs are also unambiguously 
accepted by the majority of agricultural research 
scientists and breeders. Those who reject GMOs 
– a minority in all disciplines – are obviously 
driven by a wide variety of motivations. There 
must be those whose standpoint is determined 
by their ideological views and political 
commitments. Others that we may call born 
heretics enjoy confrontation with the majority – 

this attitude has often played a positive role in 
the history of science. Yet others may be 
motivated by a better chance, compared to those 
representing the opposite standpoint, of gaining 
publicity and opportunities for public 
appearances and playing the role of a hero or a 
martyr. And, finally, there must certainly be 
scientists who take an anti-GMO stance after 
having obtained experimental results distorted 
by simple error or incorrect interpretation of 
some observations. The latter are everyday 
occurrences in the field of science; in the case of 
the highly publicized GMO issue, however, the 
author may easily find himself/herself with the 
alternative of either facing humiliation and 
disqualification well out of proportion, or 
defending the erroneous results with paranoid 
persistence to the bitter end and undiscerningly 
dismissing all criticism. And it may also happen 
that a scientist is turned against the technology 
as a whole by valid results indicating cause for 
concern in a given particular application. 
 
The third, well-defined social group comprises 
political parties and non-governmental 
organizations that take an explicitly anti-GMO 
stance, such as various “green” movements and 
“green” parties. Since the production of 
numerous GM crops and/or certain associated 
agricultural technologies raise apparently well-
founded concerns regarding environmental 
protection and biodiversity even in professional 
scientific discussions, the caution and concerns 
of the green movements are understandable. 
Unfortunately, however, the majority of these 
parties and movements do not adopt prudence, 
caution and case-by-case evaluation, but choose 
the policy of dogmatic rejection (clearly, this is 
the easier way, since the majority of the activists 
and leaders of these parties and movements 
cannot and probably do not even want to fully 
understand these problems); they are for radical 
censure and banning even in those cases where 
GMO production has obvious environmental 
benefits. 
 
Another group of anti-GMO parties and 
movements is motivated not so much by the 
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protection of the environment or biodiversity 
but by anger against globalization, multinational 
companies, the USA and capitalism. Crowds 
demonstrating against GMOs at the locations of 
various world economic forums are primarily 
mobilized by these political sentiments – they 
probably know nothing about gene technology 
and do not realize that they could demonstrate 
with equal reason against the pharmaceutical 
industry, the infocommunication sphere, the 
chemical industry, car manufacturing giants or 
the large seed companies using traditional plant 
breeding techniques. GMOs just represent an 
easily defined and identifiable, risk-free scape-
goat, since it is easier to demonstrate against 
GM soybeans beneficial only for farmers than 
against computers, cars, mobile phones, 
antibiotics or software packages that the 
demonstrators themselves use every day. It is an 
interesting paradox of this politically motivated 
resistance that, while in most countries of the 
world these movements are associated with the 
political left/ultra-left, in Hungary politically 
based rejection of GMOs is characteristic of the 
right/ultra-right wing. 
 
Since, however, the above mentioned extremist 
parties – even green parties – are usually not in a 
decision-making position in the countries of 
Europe, the more or less general, partially or 
fully negative, reserved attitude of the European 
political elite requires a different explanation. 
Even though the reason for this attitude may be 
modulated by the extent of resistance of the 
general public, the magnitude of the influence of 
green parties or movements and the great 
variety of historical and cultural traditions in the 
individual countries, there is a significant 
common denominator, namely that Europe, a 
continent struck more by agricultural 
overproduction than by food scarcity doesn’t 
really need the increase in efficiency offered by 
GM crop production and is receptive to all 
excuses to block the imports of cheap and 
competitive overseas products. It is thus clear 
that the reason underlying political rejection of 
GMOs in Europe is economic protectionism, 
even though it is usually considered expedient to 

deny this and to refer, falsely, to scientific 
concerns. 
 
And, finally: what motivates the rejective 
behaviour of the wider public? Although 
rejection of GMOs has many country-specific 
components, again there is a basic common 
cause: the fact that the presently available GM 
products offer no benefits whatsoever for the 
consumer. Since the imaginary scale-pan 
marked “acceptance” is practically empty, it is 
easy to move the balance towards “rejection” by 
relatively weightless arguments, empty slogans, 
vague concerns and the fear of the unknown. 
Although the same situation theoretically also 
persists in the USA and other pro-GM countries, 
there the positive attitude of the political 
leadership and the media are capable of 
counterbalancing the negative trend, while in 
Europe they act to amplify it. The recent food 
and drug safety scandals in several European 
countries (BSE in Britain, dioxin in Belgium, 
AIDS-test in France) also act in the same 
direction: they have made the public distrustful 
of the responsible authorities (again, unlike in 
the USA), and have contributed to a general 
opinion in which the confidence index of 
environmental activists is much higher than that 
of the responsible licensing authorities or the 
representatives of the scientific community. 
 
At the end of my lecture I pose the question: will 
the wind change, and if it will, what will make it 
change and when? I will first speak about what 
will surely not make it change. Although the 
rejective arguments of the Man of the Street 
usually reveal a striking ignorance of biological 
facts (“I don’t want to eat genes in my fish and 
chips”), I still do not believe that this might be 
helped by biological education or the 
popularization of science. If it might, that would 
mean that the biological knowledge of the 
average American is much better than that of the 
average German or Brit, which is highly unlikely. 
Consequently, I am also quite sceptical about 
the effectiveness of my colleagues’ and my own 
activity to popularize scientific knowledge. I 
rather see the answer in Brecht’s cynical 
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statement: “First comes a full stomach, then 
comes ethics”. In other words, a change in 
public opinion can only be expected when GM 
products offering direct benefits for the 

consumer (i.e. lower prices or higher quality) 
become available in the market. Then, however, 
the wind will assuredly change. 
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The first major achievements in plant 
biotechnology were announced by the research 
teams of two independent laboratories back in 
1983. The American research team led by Mary-
Dell Chilton and the European one under the 
leadership of Jeff Schell reported successful 
transfer of genes derived from bacteria that 
encoded resistance to an antibiotic into the 
chromosome of a tobacco plant. After this time, 
the technology developed for gene transfer was 
successfully applied by many other laboratories. 
And green gene technology was thus born. It 
was almost daily that academic, university and 
industrial research organizations of international 
recognition reported their achievements in 
prestigious scientific journals. The success of 
model experiments encouraged researchers to 
incorporate traits that are useful for agricultural 
and bioindustrial purposes into crops of 
economic importance. The development of such 
crops was also motivated by the increasing 
awareness of environmental protection in 
societies, and the elaboration of biological plant 
protection – as an alternative to chemical plant 
protection – was considered to be supported. 
This is represented by the thoughts expressed in 
the book ‘Silent Spring’ by Rachel Carson 
published in 1962, which obtained considerable 
social feedback. In her book she insisted on 
biological plant protection to substitute 
excessive chemicalization in order to protect 
nature. On the basis of this and similar opinions, 
it is understandable that the first genetically 
modified plants of agricultural utilization carried 
traits of herbicide tolerance or insect resistance. 
These first transgenic crops expressing genes 
derived from other living beings included virus- 
 

 
resistant plants as well, the development of 
which was carried out by two independent 
research teams, one from Europe (United 
Kingdom) and the other one from the United 
States. The scientific progress in basic research 
achieved unbelievable success both in Europe 
and in the United States also by the utilization of 
the other teams’ findings. It can be stated 
without prejudice that the researchers from the 
two continents not only obtained 
interchangeable results but they proved to be 
equal competitors. However, when it comes to 
the launching of products as the outcomes of 
these experiments, Europe has to face with 
competitive disadvantage. While in the United 
States the genetically engineered plants, after 
being authorized on the basis of strict field 
experiments and laboratory investigations, were 
included in field cultivation as early as in 1996, 
in Europe limited number of GM plants are 
authorized after a complicated procedure that 
takes several years. Unfortunately, technology 
transfer is not effective in Europe, causing 
significant competitive disadvantage for the 
European economy. Those opposing the 
application of gene technology in agriculture 
often say that there is overproduction in Europe, 
making the application of gene technology 
unnecessary. However, this is inconsistent with 
the fact that more than 65% of products used by 
European countries are produced in other 
continents. 
 
In spite of the opposite standpoints typical of 
these two continents, the spreading of 
transgenic plants involved in cultivation has 
been substantial: from 1.6 million hectares in 
1996 to over 130 million hectares last year. This 
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latter figure exceeds the total amount of arable 
land in Europe.  
 
It is reasonable to ask why there is such a 
contrast? The scientists developing gene 
technology, some of whom were granted the 
Nobel Prize for exactly these scientific findings, 
in the United States recognized the risks lying in 
this technology at the time when the first 
successes were achieved and asked their 
government to regulate this field. The reason for 
this is attributable to two facts: on the one hand 
the moral responsibility of scientists dealing 
with nuclear energy in the atomic bombings was 
still in the minds of American scientists, and on 
the other hand legislation of an activity can only 
be performed after such activity is understood. 
The Government of the United States realized 
the scientific value and economic, 
environmental, health-care importance of gene 
technology, and thus they laid down the first 
rules and enacted the first Acts without delay. 
The first rules, from today’s point of view, were 
extremely strict. Some of the experiments, which 
are now performed on a simple laboratory table, 
could only be carried out in astronaut protective 
clothing. Regulation was constantly amended 
and - on the basis of the ever-increasing number 
of scientific experimental data - it finally became 
“user-friendly”.  The document on Recombinant 
DNA Safety Considerations (also known as the 
Blue Book) published by the Organisation for 
Economic Co-operation and Development 
(OECD) in 1986 can be considered as a 
remarkable collaboration in the field of gene 
technology. These Guidelines greatly influenced 
the regulation of gene technology all over the 
world independently of whether it is a 
developed or an economically undeveloped 
country. Still, there is significant difference in 
the approach in the field of regulation between 
the Old World, i.e. Europe and the New World, 
i.e. the American continent. Even though 
basically strict regulations were specified in both 
continents for biotechnologically engineered 
living beings, at the American continent it is the 
new features of the new variety (end product) 
that are examined independently of the method 

it was developed with, and its negative effects on 
the health and the environment are investigated 
in the same way as it is carried out with plants 
bred using other methods. On the contrary, the 
European regulation rates such plants as a 
separate creature and checks each step of their 
creation, making the authorization procedure 
much longer. While authorization in the 
American continent lasts only 6-8 months, in 
Europe it takes at least 3 years, which clearly 
represents a drawback in competition, having 
significant effects on economy and science. The 
European researchers either give up their 
ambitions or move to other continents and 
facilitate the economic development of the host 
countries by working for the R&D sectors. 
Although hundreds of transgenic plants with 
various added features prove their advantageous 
agronomical traits in experimental plots and 
await authorization on field cultivation, this 
huge area used for the production of GM plants 
is practically limited to four main crops: maize, 
soybean, rape and cotton. This is in fact 
reasonable since the protection of intellectual 
property rights seems settled for these crops due 
to the usage of hybrids, obliging producers to 
obtain the seed from the seed producer. We 
have to mention here that it is not only the 
genetically engineered hybrids that have to be 
obtained from the seed producer but traditional 
hybrids as well. The case of virus-resistant 
papaya produced in the United States in the 
Island of Hawaii is also an interesting example. 
While the Japanese tourists regularly visiting the 
island consume the transgenic fruit as fresh fruit 
without any concerns, the import of this papaya 
was not permitted by Japan even as processed 
food in the form of canned fruit.  
 
In the beginning of the 21st century the Earth’s 
population was 6.1 thousand million, and is 
estimated to be 9.2 thousand million by 2050.  It 
has to be remarked that world population is 
almost 7 thousand million at present, which 
indicates that food production should be 
doubled in order to provide enough food for 
humanity. In addition, food production has to 
be increased without increasing the amount of 
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arable land, which in fact shows a decreasing 
tendency, and the amount of water per capita is 
also reduced. We cannot count on the 
transformation of further natural woodlands 
into agricultural fields for the sake of 
environmental protection. Furthermore, we 
should not forget about the FAO data stating 
that even these days 800 thousand people die of 
starvation and malnutrition. The most 
important task, therefore, should be to 
strengthen the sustainability of plant production 
so that the grain reserve can be increased to 100 
days from the current value of 75 days. This goal 
can be accomplished through plant production 
using both conventional and biotechnological 
methods. The combined application of 
biotechnological practices could be such a great 
advance from the aspects of food safety that the 
introduction of hybrids in maize production 
was: while the productivity of landraces is 
around 1.5 tons, modern maize hybrids can yield 
as much as 10 tons. In 2009, in spite of the 
economic recession, approximately three- 
quaerter of the total 90 million hectares of 
soybean production area was planted with 
transgenic varieties, while in the case of cotton 
produced on a total area of 33 million hectares 
this rate was 49%. Twenty-six per cent of maize 
grown on 158 million hectares carried foreign 
genes, and 21% of the total rape production 
areas of 31 million hectares were sown with 
transgenic varieties. It has to be mentioned that 
it is almost exclusively herbicide-resistant rape 
that is produced in Canada, a ton of which costs 
50 euros less in the European market, even 
when the costs of transportation is considered, 
than the non-transgenic rape grown in Europe. 
 
Among the developed countries, genetically 
engineered plants are produced in the largest 
area in the United States, adding up to over 64 
million hectares, where mainly soybean, maize, 
cotton and rape are grown, but transgenic 
pumpkin, papaya, alfalfa and sugar-beet were 
also produced. In Canada GM crops, including 
rape, maize, soybean and sugar-beet are grown 
on more than 8.2 million hectares, while there 

are transgenic cotton and rape produced on 
200 thousand hectares in Australia (Figure 1). 
 
Last year, the production area of genetically 
modified plants exceeded 50 thousand hectares 
in 15 countries, most of which are developing 
countries. It is worthy of note that among 
developing countries Brazil, Argentina, India, 
China and Paraguay together produces 
genetically engineered plants on more hectares 
than the United States, indicating that the need 
for the practical application of the technology is 
at least as great in the developing countries as in 
the developed ones which elaborated and have 
been applying this technology. The number of 
plant producers using the technology is also 
rises significantly, amounting to nearly 14 
million throughout the world, 90% of whom are 
small-scale farmers or farmers with limited 
financial resources in the developing countries. 
(Figure 2). 
 
We know of a South-African farmer who – since 
producing insect-resistant transgenic cotton –, 
has been able to reduce the number of sprayings 
by five, making production more 
environmentally friendly and resulting in 
considerable cost-savings and profitability, 
which enabled him to send his children to 
school. These small-scale farmers use GM plants 
they consider as advantageous primarily in 
India, China and the Philippines. Last year 
almost 90% of the cotton production area in 
India was sown with the increasingly popular Bt 
cotton. 
 
By permitting the production of Bt rice and the 
maize carrying phytase gene, a decision of high 
importance was made in China last year. This 
decision is remarkable because previously China 
refused to introduce gene technology in view of 
the negative attitude towards this issue in the 
European Union and in order to protect the 
interests of Chinese export to the Union. As 
China relies upon self-supply in case of rice and 
not export, this decision was made for economic 
and environmental reasons. As for maize with 
phytase gene, authorization was granted in 
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Figure 1. Biotech crop countries and mega-countries* (2009). 

Figure 2. Global area of biotech crops (million hectares). 
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consideration of the interest of small-scale pig 
breeders as the volume of pig production in the 
world is the largest in China, mainly for self-
supply.  
 
As it was mentioned above, in order to make up 
for the competitive disadvantage resulting from 
the resistance of the countries in the European 
Union and the failure to perform technology 
transfer, the multinational companies are 
prevented from gaining ground in the market by 
protectionist regulations in the continent until 
the marketable transgenic plants are created in 
the countries of the Union. However, some of 
the countries including Spain, the Czech 
Republic, Slovakia, Portugal, Poland and 
Romania produce transgenic maize, although 
only on a small area, as was done previously in 
Germany as well. It is known that in Romania a 
considerable part of the soybean production 
area was sown with herbicide-resistant varieties 
before 2007, which had to be given up by the 
country’s accession to the Union in default of 
permission, causing remarkable economic loss 
both to the producers and the country. Here we 
would like to draw the attention to the change in 
the political attitude that while in the Cartagena 
Protocol on Biosafety the phrase ‘precautionary 
approach’ was used by the countries of the 
European Union, it was changed to 
‘precautionary principle’ in the new regulations 
of the Union, which represents significant 
interpretational differences and methodology. 
Another unfortunate fact is that the European 
Union does not support the production of 
genetically engineered plants in Africa, instead 
the practices of traditional and ecological 
agricultural production are promoted but these 
will not supply Africa with enough food and 
they, in fact, will put Africa in a more 
unfavourable position principally in the field of 
food safety. Some of the leaders of African 
counties, listening to the political slogans of 
volunteer green movements, refuse the 
application of modern biotechnology, risking 
the food supply of their own countries. As the 
technology is owned by large multinational 
companies, they easily cite the negative political 

sides of colonization, which enables them to 
gain social support with ease to say no to the 
technology. They also mention that if the 
countries of the European Union disapprove of 
such crops, there must be something in them 
that is disadvantageous for the African countries 
not only through the limitation of food export 
towards the Union but also by being harmful to 
the consumer’s health. On the basis of the 
current tendencies, a spectacular development is 
expected in the following decade in terms of the 
production area of genetically engineered plants. 
The decision made recently by the European 
Union that assigns the authorization of the 
production of certain GM plants into the scope 
of authorities of the countries will surely 
rearrange the map of genetically modified plant 
production in the Old World. The production 
area is likely to increase significantly also in the 
developing countries, primarily in Asia. The 
advanced GM varieties, the products of the 
second green revolution are inevitable in order 
to supply quality food for the inhabitants of over 
one thousand million in China and India. The 
green energy projects established in response to 
the world’s vast energy need can only operate 
effectively on the basis of genetically modified 
plants and microbes, the first products of which 
have been commercialized through the 
production of biodiesel and bioethanol. This 
new energy industry further increases the 
demand for advanced GM plants, and in this 
case the opponents of gene technology cannot 
refer to health issues as these plants and their 
products do not get in the food chain. Due to 
the intensity of the increase in world population 
and the related needs, the role of agriculture is 
appreciated more and more. Although GM 
technology alone cannot provide sufficient and 
effective solution for every challenge, its 
position will be increasingly important within 
the agricultural production of the world. 
However, this requires the reconsideration of 
the current over-regulation of gene technology 
in accordance with the favourable experiences 
gathered in the last one and a half decades in 
order to bring an end to the actual situation that 
only capital-intensive large global companies are 
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able to commercialize their intellectual 
properties. This was probably best expressed by 
Jawaharlal Nehru, the former Prime Minister of 

India, when saying “Everything else can wait but 
not agriculture”. 
 

 
Further reading 
 
James C. (2009) BRIEF 41. Global Status of Commer-
cialized Biotech/GM Crops: 2009 ISAAA Briefs pp. 1-
290. 
 
Useful links  
 
European Food Safety Authority (EFSA) 
www.efsa.europa.eu 
 
International Center for Genetic Engineering and 
Biotechnology, Trieste, Italy 
www.icgeb.org 
 
International Society for Biosafety Research 
www.isbr.info  
 
Environmental Biosafety Research (an 
interdisciplinary journal for research on GMOs and 
the environment) 
www.ebr-journal.org 
 
Black Sea Biotechnology Association 
www.bsba.ag 
 
European Plant Science Organisation 
www.epsoweb.org 
 
 
 
 

 
 
 
 
 
 
 
Public Research and Regulatory Initiative (PRRI) 
www.pubresreg.org 
 
Knowledge Center for International  Service for 
Acquisition of Agri-biotech  Applications 
www.isaaa.org 
 
Barabás Zoltán Biotechnology Association (in 
Hungarian) 
www.zoldbiotech.hu 
 
European Food Safety Agency, Parma, Italy (EFSA) 
www.efsa.org 
 
GMO database 
www.gmo-compass.org 
 
German biosafety web 
www.biosicherheit.de 
 
Pannonian Plant Biotechnology Association 
www.pannonbiotech.hu 
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