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1. Issue
The Genomic Misconception of Transgenesis is a major source of erroneous decisions in the regulation
of GM crops. The difference between GM- and non-GM-crops on the level of molecular processes has
been overestimated. And even more so, as soon genetic engineering has been applied to crop breeding,
the misunderstandings grew out of politically motivated fear-mongering. The uncontested
understanding among scientists and in particular in risk assessment community was in the wake of
molecular breeding, that GM crops pose by principle some novel risks, unprecedented in conventionally
bred crops. This view has then unfortunately been taken up in the United Nations Cartagena Protocol on
Biosafety 1 without scientific scrutiny, which needs to be questioned in certain basic aspects.

2. Summary
After an early phase of risk assessment, including the results of the Asilomar Conference on biosafety, a
premature divide has been created in basic concepts of risk assessment developed between Canada, the
USA and Europe including a majority of UN signatory countries. Researchers like Werner Arber, based on
earlier molecular insights and on his own experience in genetic engineering claim that related to
molecular processes there is no difference between genetically engineered and natural mutation, thus
contradicting clearly the European and unfortunately also the view of UN agencies. This transatlantic
divide can be solved with some more innovative regulatory proceedings. The Cartagena Protocol risk
assessment concept needs to be amended in the view of basic scientific molecular biology insights,
confirmed in the last years again with genomic analysis.

1

Cartagena Protocol on Biosafety: http://www.cbd.int/biosafety/
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3. Differences between GM- and non-GM-crops overestimated
3.1.

Discovery of the dynamics of DNA processes and the beginning of the transatlantic
regulatory divide
In the wake of molecular breeding (see the classic paper of the discovery of molecular genetics by
Oswald T. Avery and colleagues (Avery et al., 1944), in which they write about their historic discovery of
DNA as the molecule uniquely associated with the storage and transfer of genetic information between
different strains of bacteria. In particular with the first successes of “gene splicing”, the safety debates
started soon after the discovery of the DNA structure by Watson & Crick (Sayre, 2000; Watson & Crick,
1953a, b, c; Wilkins et al., 1953), followed by the Asilomar Conference (Berg et al., 1974; Berg et al.,
1975; Berg & Singer, 1995; Fredrickson, 2001; Rogers, 1975) - see also some historical accounts on
transgenesis (Chassy, 2007; Friedberg, 2007; Klug, 2004; Watson & Tooze, 1981) and the most recent
ones, focusing on European Regulation from a regulator at the European Commission Mark Cantley with
many decades of professional experience (Cantley, 2008) and regulators like Shane Morris and Charlie
Spillane: (Morris & Spillane, 2010). After many years of debating the possible perils of bacterial
molecular genetic manipulation, more precision came into the experiments by the discovery of the
function of the restriction enzymes by Werner Arber (Arber & Linn, 1969). The fascination about the
novelty of transgenesis was initially justified and overwhelming, and it even grew with the progress of
scientific insight such as the new possibilities of precise genomic manipulation (“cut and stitch”) of
higher organisms (Cohen et al., 1973) and the following many unforeseen scientific breakthroughs were
unprecedented in the history of molecular biology. Unfortunately, the enthusiasm also lashed back in an
over-reacting in risk assessment efforts, when the first GM crops went into production. Voices of reason,
coming from researchers with a deep in sight in molecular processes of life, promoted a less alerted
view, as can be seen in the early work of Werner Arber: (Arber, 1979a, b, 1983, 1985, 1990, 1991, 1993,
1994a, b, c), topped off recently by (Arber, 2010b). The debate on how GM crops should be regulated,
started very early with an emerging divide between regulation in the US and Great Britain, including
later the whole of Europe (Bennett et al., 1986; NRC (National-Research-Council), 1989; Wright, 1986,
1993; Wright, 1994).
But obviously, science was not really asked for in some of the major regulatory decisions of the
European Union, as precisely described by (Cantley, 2008), some important words from his opus
magnum (more details in chapter 6.2 on obstacles)
“The protests to Parliament by Nobel prize-winners did not represent a politically significant constituency. The OECD report on
rDNA safety, indicating no scientific basis for legislation specific to recombinant DNA, was quoted for its prestige and authority,
in support of precisely such legislation. The advice of the safety specialists of the European Federation of Biotechnology was
aggressively rejected by the Director-General of DG XI.”

Without referring to details about the Genomic Misconception, Mark Cantley describes convincingly,
how welcome for political reasons it was for European MEPs to stress the process – oriented regulation,
instead of following the more reasonable US - and Canadian approach. And anyway, why should MEPs
care about such difficult scientific details? However it is also interesting to note that one of the most
influential and knowledgeable experts in the regulatory process of the EU as Mark Cantely did not
himself stress the genomic process similarities more precisely. This would have enabled him to defend
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more stoutly the US-Canadian model of product-oriented regulation. But it also is visible from his
detailed account that there were not many experts within the EU who could have organized professional
end efficient scientific lobbying.
One of the first regulators of the United States, Henry Miller, warned very early and consistently since
the 1980ties not to fall into the misconception of transgenesis as a fundamentally different approach to
plant breeding. He published dozens of papers, spread in the finest scientific journals. Here a selection
mainly restricted to the journals of the Nature group: (Miller, 1994a, 1996a, b, 1998; Miller et al., 1994;
Miller, 1994b; Miller, 1994c; Miller, 1995, 1996c, d, e, f, g, 1999, 2000, 2001a, b; Miller, 2002, 2007,
2008; Miller et al., 1998; Miller & Conko, 2000, 2001a, b; Miller & Conko, 2004a; Miller & Conko, 2004b;
Miller et al., 1993), Miller later also published numerous newspaper articles, and he also summed up his
view in two books on the Policy Controversy in Biotechnology: An Insider View (Miller, 1997) and also
later in the book: the Frankenfood Myth, published together with Gregory Conko: (Miller & Conko,
2004b), here just a typical excerpt from the first book 1997 (on the topic treated here):
“Recombinant DNA techniques constitute a powerful and safe new means for the modification of organisms;
Genetically modified organisms will contribute ubsantially to improved heafth care, agricultural efficiency and the amelioration
of many pressing environmental problems that have resulted from the extensive reliance on chemicals in both agriculture and
industry;
There is no evidence of the existence of unique hazards either in the use of rDNA techniques or in the movement of genes
between unrelated organisms;
The risks associated with the introduction of rDNA engineered organisms are the same in kind as those associated with the
introduction of unmodified organisms and organisms modified by other methods and
The assessment of risks associated with introducing recombinant DNA organisms into the environment should be based on the
nature of the organism and of the environment into which the organism is to be introduced, and independent of the method of
engineering per se.” (Miller, 1997)

A comprehensive summary of the early regulatory phase in Europe has been compiled in a thesis by
(Moroso, 2008). In a summary, some devastating views on the lack of scientific background of EU
regulation are given:
“In analyzing the way ‘GMO’ institutionalized between the late 1980s and early 1990s, this thesis shows that the concepts of
risk and uncertainty – which have dominated the GM debate – need to be conceived as collective constructs that are used
strategically in order to pursue various objectives related to the context in which people using them operate. It is also argued
that the legitimate use of these concepts is bound to the credibility and the authority of science. These considerations have
stimulated some reflections on the nature and role of regulation in the GM debate. In particular, it is argued that the move from
a voluntary system of controls to a statutory one represents a move from an epistemic community approach to policy-making to
a logic of bureaucratic politics, in which the literal interpretation of rules became a solution to political disagreement. As rule
following became a political requirement, GMOs became a bureaucratic issue and scientists turned into bureaucrats. Within
these changes, the role of scientific expertise in the definition of GMOs decreased.” (Moroso, 2008)

The irony is, that even with the much more tedious approach of process oriented regulation of GM
plants and GM food, costing enormous amounts of research money, the final outcome of risk
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assessment is very positive: no negative effects are revealed, always compared to conventional crops:
(Batista & Oliveira, 2009; European Commission, 2010; Janik & Muresan, 2010; Taverne, 2011).
The conclusions from these most recent reviews, addressing all biosafety aspects of GM food, come to
the same positive opinion as (Batista & Oliveira, 2009):
“In this review we have presented several scientific studies that have been performed with the aim of addressing and clarifying
the issues of safety of GE foods. From these, it is clear that there is no unequivocal evidence supporting adverse effects of any of
the currently commercialized GM food products.”

3.2.
The holistic concept of intrinsic integrity of the genome: a doubtful concept
The concept of violated intrinsic naturalness of the genomes is still erroneously maintained by
proponents of organic farmers (van Bueren et al., 2008; Van Bueren & Struik, 2004, 2005; Van Bueren et
al., 2003). Interestingly enough this concept has never undergone an effort of scientific definition. One
reason might be that any scientific definition of the term “intrinsic naturalness of the genomes” would
demand a fair comparison, which obviously yields a quite different picture as described in more detail in
this chapter below. Consequently the Wageningen research group on organic farming stresses that
regulation should be based on processes, not products, a principle, which we will falsify in this
contribution (Van Bueren et al., 2007). In this publication, the authors try to explain again why they
focus on “holistic concepts” in molecular plant breeding, causing lots of confusion: Here only one: how
can the authors defend a concept where proper science is denounced as a reductionistic view and
product oriented regulation as utilitarian views? This rather ideological view blurs the fact that
conventional methods and transgenesis can be compared and if you do this, you will see that
conventional breeding is hurting this undefined principle of intrinsic integrity of the genome even more
than transgenesis. Here a long paragraph in the publication from 2007, demonstrating that with
constructing an artificial contrast built on a holistic view of nature, thus avoiding with lots of words to
talk about the recent findings of transcriptomic comparisons based on facts.
“This alliance between science and utilitarianism can be taken for granted that the scientific (reductionistic) view on nature is
the only true one, and not a world view in itself. Once the ‘truth’ is questioned, debates on food and biotechnology can be
broadened beyond the utilitarian framework that now dominates the discussions, both in practice and in ethical theory
development. To question that truth, one needs only to move one’s attention away from experimental reductionistic science,
and focus on approaches that are closer to the world of our immediate experience. In our direct contact with plants and animals,
the organisms are usually experienced as living wholes. From this (more holistic) perspective it is possible to experience gene
technology as a violation of the integrity of the organism (Verhoog, 2003, 2007a, b). Integrity has to do with wholeness, with
harmonious balance between all parts of the organism, the genes included. For a ‘holistic thinker’ genes are not just
exchangeable elements of building materials. Such holistic viewpoints are not just gut feelings of laymen, but substantial
elements in the philosophy of organic farming (Lund, 2002; Lund, 2006). The choice of an agriculture without GMOs is, as will be
shown, an informed and ‘reasonable’ choice within the framework of organic farming.
From a non-holistic, reductionistic point of view, experimental natural sciences (including sciences relating to biotechnology) are
based on a certain philsosophy of nature, which leads to a product-orientation and to corresponding utilitarian ethics. In organic
agriculture, the more holistic philosophy of nature leads to a process orientation with a corresponding ethical approach in which
there is room for intrinsic arguments.” (Van Bueren et al., 2007).

Also the publications of Henk Verhoog just confirm this rather ideological view (Verhoog, 1992, 2003,
2007a, b; Verhoog et al., 2003; Verhoog et al., 2007), which should be questioned: Why on earth should
scientists working with molecular structures be denied of a holistic view? Progress and new insight in
genomic dynamics have their roots in modern holistic views, and epigenetics widens the picture even
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more. And why on earth should molecular scientist not have great appreciation for nature, ecology and
the whole picture? The author interpretes this rather onesided view on intrinsic naturalness with the
cheap attacks to reductionistic views as a good excuse not to deal with the evidence on the molecular
level, that the conventional breeding methods (and not only artificial mutagenesis) causes more
transcriptomic disturbances than transgenesis, see the chapters below with all details. It is, considering
all the strong influence of NGOs like Greenpeace and Friends of the Earth in the legislation process of
the international biosafety protocol (Cartagena Protocol) no wonder that European legislation is strictly
following the process orientation focus.
3.3.

Molecular processes similar in natural mutation and transgenesis, the molecular
evidence
This concept of singling out transgenity in comparison to all other breeding methods is falsified by the
publications of Arber (Nobel Laureate 1978):
Genetic engineering has been brought into evolutionary perspective of natural mutation by authorities
such as Werner Arber: his view, published in numerous papers, remains scientifically uncontested that
molecular processes in transgenesis and natural mutation are basically similar (Arber, 1994c, 2000,
2002, 2003, 2004; Arber, 2010a).
Arber compared designed genetic alterations (including genetic engineering) with the spontaneous
genetic variation known to form the substrate for biological evolution (Arber, 2002):
“Site-directed mutagenesis usually affects only a few nucleotides. Still another genetic variation sometimes produced by genetic
engineering is the reshuffling of genomic sequences, e.g. if a given open reading frame is brought under a different signal for
expression control or if a gene is knocked out. All such changes have little chance to change in fundamental ways, the properties
of the organism. In addition, it should be remembered that the methods of molecular genetics themselves enable the
researchers anytime to verify whether the effective genomic alterations correspond to their intentions, and to explore the
phenotypic changes due to the alterations. This forms part of the experimental procedures of any research seriously carried out.
Interestingly, naturally occurring molecular evolution, i.e. the spontaneous generation of genetic variants has been seen to
follow exactly the same three strategies as those used in genetic engineering. These three strategies are:
(a) small local changes in the nucleotide sequences,
(b) internal reshuffling of genomic DNA segments, and
(c) acquisition of usually rather small segments of DNA from another type of organism by horizontal gene transfer.”
(Arber, 2002)

(See the upper part of fig. 1 below)
“However, there is a principal difference between the procedures of genetic engineering and those serving in nature for
biological evolution. While the genetic engineer pre-reflects his alteration and verifies its results, nature places its genetic
variations more randomly and largely independent of an identified goal. Under natural conditions, it is the pressure of natural
selection which eventually determines, together with the available diversity of genetic variants, the direction taken by evolution.
It is interesting to note that natural selection also plays its decisive role in genetic engineering, since indeed not all pre-reflected
sequence alterations withstand the power of natural selection. Many investigators have experienced the effect of this natural
force which does not allow functional disharmony in a mutated organism.” (Arber, 2002)

An instructive figure is given by Arber in (Arber, 2008) with the explanation:
“Neodarwinism resides on three pillars (see upper part of Fig. 1):
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1. Genetic variation, that reflects a reduced genetic stability, is the driving force of biological evolution. Without the occasional
generation of genetic variants there would not be any biological evolution, and all organisms of a given species would be clones.
2. Natural selection that results from the way by which organisms cope with the encountered environment. Natural selection is
exerted in the context of populations. In the free nature these are usually mixed populations of many different species, each
containing besides their parental forms also their accumulated genetic variants. Note that for any given organism, the
constraints of the environment depend both on the physico-chemical nature of the environment and on the biological activities
exerted by all the other forms of life present in the ecosystem. Under experimental laboratory conditions natural selection can
be more straightly explored by propagating a single type of organism in an environment with controlled parameters.
3. Natural selection, together with the genetic set-up of the organisms (parental forms and their genetic variants)
that are present in an ecosystem, can be seen as the determinants of the direction(s) that biological evolution
takes. The third pillar of Neodarwinism is isolation. Both geographical and reproductive isolation can modulate the
evolutionary process.” (Arber, 2008)

Fig. 1 Schematic representation of the concept of Neodarwinian evolution with its three pillars: mutation/genetic variation, natural selection
and isolation. In the lower left part molecular mechanisms involved in the generation of genetic variants are assigned to three qualitatively
distinct natural strategies that can alter the genomic information. From (Arber, 2008)

Arbers numerous writings (Arber, 2000, 2003, 2004; Arber, 2010a) confirm this important comparison
on the genomic level of evolutionary and modern plant breeding processes.
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But there is of course, despite all the similarities, one major difference: whereas natural mutation acts
completely in a natural time scale, that is, the mutants will need hundreds to hundreds of thousands of
years to overcome selective processes in nature until they really succeed and take over against their
natural competitors, this is totally different with the transgenic crop products: they run through a R&D
phase, and a regulatory process of an average of 15 to 20 years until being completely deregulated. But
somewhere along this process they will be propagated to the millions in the field, covering in a
evolutionary extremely short time span millions of hectares.
The same claim of high similarity on the molecular process level between natural mutation and
transgenesis is made in the comparison of selection and transgenesis in fish breeding by Hackett
(Hackett, 2002). According to her, the bottom line is that mutation and addition/loss of new genes is not
uncommon in animals; it occurs naturally during evolution and various combinations of alleles are
selected in different environments, leading to sub-speciation and genetic diversity. Transgenics
represent an almost negligible addition to this natural variation; however they just are carefully
screened, selected, and cared for. Hackett questions the differences between transgenesis and normal
genotypic variations in natural populations. Fish breeders have learned to integrate transgenesis into
genomic changes through domestication (Devlin et al., 2001; Devlin et al., 2009).
The rate of genetic mutation and increases in gene expression due to mutations in gene number and/or
gene regulation from human genetics, where mutations of nearly every sort have been catalogued
(Crow, 1997) cannot be underestimated. In particular, gene duplication events occur at rates of up to
one per 10,000 individuals. Moreover, the levels of gene expression can vary more than 30-fold as a
result of single base mutations in regulator regions (Myers et al., 1986).
3.4.

Recent publications about transcriptome comparisons of GM- and non-GM crops

(Coll et al., 2008) used microarrays to compare the transcriptome profiles of widely used commercial
MON810 versus near-isogenic varieties and reported differential expression of a small set of sequences
in leaves of in vitro cultured plants of AristisBt/Aristis and PR33P67/PR33P66.

Fig. 2 Changes in gene expression in MON810 vs. near-isogenic maize lines Aristis Bt vs. Aristis and PR33P67 vs. PR33P66. Each point
represents one gene in the maize Affymetrix microarray. The log odds for differential expression of all genes, estimated from the RMA

9
analysis of the data were plotted against the estimated log2 fold changes. Thus, a twofold increase or decrease in the level of a given
transcript corresponds to 1 or -1, respectively. Bold, sequences further analyzed by real-time RT-PCR. From (Coll et al., 2008)

The Graph in fig. 2 demonstrates clearly that genomic variability can be more substantial among the
non-transgenic traits in the analyzed traits than in a comparison between GM- and non-GM maize traits.
In a recent paper, (Coll et al., 2009) come once again to the conclusion, that transcriptome profiles of
MON810 and comparable non-GM maize varieties cultured in the field are more similar than are those
of conventional lines. Their bibliography supports this view with numerous peer reviewed publications.
This is again emphasized by the same author collective (Coll et al., 2010) in the most recent publication:

Fig. 3 Principal component analysis (PCA) of the sequence expression data. Classification of samples using PC1 versus PC2 (a) and PC1 versus
PC3 (b). Rhombus correspond to Helen Bt samples; squares, to Helen samples; triangles to Beles Sur and crosses, to Sancia samples. Open
figures represent control (C) and filled figures, low-N conditions (low-N). Autoscaled logarithmic expression levels are plotted. From (Coll et
al., 2010) .
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The results are remarkable: An incontestable statistical analysis with Principal Component methods
demonstrates the following facts: In two common MON810/non-GM variety pairs and two farming
practices (conventional and low-nitrogen fertilization) the differences were as follows:
“MON810 and comparable non- GM varieties grown in the field have very low numbers of sequences with differential
expression, and their identity differs among varieties. Furthermore, we show that the differences between a given MON810
variety and the non-GM counterpart do not appear to depend to any major extent on the assayed cultural conditions, even
though these differences may slightly vary between the conditions. In [their] study, natural variation explained most of the
variability in gene expression among the samples. Up to 37.4% was dependent upon the variety (obtained by conventional
breeding) and 31.9% a result of the fertilization treatment. In contrast, the MON810 GM character had a very minor effect
(9.7%) on gene expression in the analyzed varieties and conditions, even though similar cryIA(b) expression levels were
detected in the two MON810 varieties and nitrogen treatments.” (Coll et al., 2010)

This justifies the major conclusion from this paper (again): Transcriptional differences of conventionallybred varieties and under different environmental conditions should be taken into account in safety
assessment studies of GM plants.
More recent publications demonstrate, that transgenesis e.g. has less impact on the transcriptome of
the wheat grain than traditional breeding (Batista et al., 2008; Baudo et al., 2006; Shewry et al., 2007).
Two figures may to visualize the lower impact on transcriptome expression of transgenic crops
compared to conventional ones:
Volcano plots from (Batista et al., 2008): In all observed cases of the comparison between transgenic
and non-transgenic crops the observed alteration was more extensive in the mutagenized than in the
transgenic plants:
“Controversy regarding genetically modified (GM) plants and their potential impact on human health contrasts with the tacit
acceptance of other plants that were also modified, but not considered as GM products (e.g., varieties raised through
conventional breeding such as mutagenesis). What is beyond the phenotype of these improved plants? Should mutagenized
plants be treated differently from transgenics? We have evaluated the extent of transcriptome modification occurring during
rice improvement through transgenesis versus mutation breeding. We used oligonucleotide microarrays to analyze gene
expression in four different pools of four types of rice plants and respective controls: (i) a gamma-irradiated stable mutant, (ii)
the M1 generation of a 100-Gy gamma-irradiated plant, (iii) a stable transgenic plant obtained for production of an anticancer
antibody, and (iv) the T1 generation of a transgenic plant produced aiming for abiotic stress improvement, and all of the
unmodified original genotypes as controls. We found that the improvement of a plant variety through the acquisition of a new
desired trait, using either mutagenesis or transgenesis, may cause stress and thus lead to an altered expression of
untargeted genes. In all of the cases studied, the observed alteration was more extensive in mutagenized than in transgenic
plants. We propose that the safety assessment of improved plant varieties should be carried out on a case-by-case basis and
not simply restricted to foods obtained through genetic engineering.” (Batista et al., 2008)
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Fig. 4 Volcano plots for differentially expressed genes. Differentially expressed genes appear above the thick horizontal lines. Genes induced
_2-fold are on the right of the right vertical lines, and the ones repressed _2-fold are on the left of the left vertical line. The numbers
corresponding to the differentially expressed genes induced _2-fold for each experiment (red-shadowed area) are red, and those
corresponding to the genes repressed _2-fold (blue-shadowed area) are blue. The green-shadowed area corresponds to differentially
expressed genes that were up- or down-regulated _2-fold (green-colored numbers). Blue-colored genes are those with P between 0 and 0.5,
and red-colored genes are those with P between 0.5 and 1. From (Batista et al., 2008)

Plots from (Baudo et al., 2006) are also clearly demonstrating, that transcriptome comparisons between
transgenic and non-transgenic comparable traits show substantial equivalence.
“Detailed global gene expression profiles have been obtained for a series of transgenic and conventionally bred wheat lines
expressing additional genes encoding HMW (high molecular weight) subunits of glutenin, a group of endosperm-specific seed
storage proteins known to determine dough strength and therefore bread-making quality. Differences in endosperm and leaf
transcriptome profiles between untransformed and derived transgenic lines were consistently extremely small, when analysing
plants containing either transgenes only, or also marker genes. Differences observed in gene expression in the endosperm
between conventionally bred material were much larger in comparison to differences between transgenic and untransformed
lines exhibiting the same complements of gluten subunits. These results suggest that the presence of the transgenes did not
significantly alter gene expression and that, at this level of investigation, transgenic plants could be considered substantially
equivalent to untransformed parental lines.” (Baudo et al., 2006)
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Fig. 5 Scatter plot representation of transcriptome comparisons of: (a) transgenic B102-1-1 line vs. control L88-31 line in endosperm at 14
dpa (left), 28 dpa (middle) or leaf at 8 dpg (right); (b) conventionally bred L88-18 vs. L88-31 line in endosperm at 14 dpa (left), 28 dpa
(middle), or leaf at 8 dpg (right); (c) transgenic B102-1-1 line vs. conventionally bred L88-18 line in endosperm at 14 dpa (left), 28 dpa
(middle), or leaf at 8 dpg (right). Dots represent the normalized relative expression level of each arrayed gene for the transcriptome
comparisons described. Dots in black represent statistically significant, differentially expressed genes (DEG) at an arbitrary cut off > 1.5. The
inner line on each graph represents no change in expression. The offset dashed lines are set at a relative expression cut-off of twofold. In the
adjacent coloured bar (rectangle on the far right of the figure), the vertical axis represents relative gene expression levels: reds indicate
overexpression, yellows average expression, and greens under-expression. Values are expressed as n-fold changes. The horizontal axis of
this bar represents the degree to which data can be trusted: dark or unsaturated colour represents low trust and bright or saturated colour
represents high trust. From (Baudo et al., 2006).

In another recent paper on transcriptomic comparison, (Kogel et al., 2010) come to the following similar
conclusions (see also the figures):
“In summary, our results substantially extend observations that cultivar-specific differences in transcriptome and metabolome
greatly exceed effects caused by transgene expression. Furthermore, we provide evidence that, (i) the impact of a low number of
alleles on the global transcript and metabolite profile is stronger than transgene expression and that, more specifically, (ii)
breeding for better adaptation and higher yields has coordinately selected for improved resistance to background levels of root
and leaf diseases, and this selection appears to have an extensive effect on substantial equivalence in the field during latent
pathogen challenge, and:
The coregulation of most of these genes in GluB and GP, as well as simple sequence repeat-marker analysis, suggests that the
distinctive alleles in GluB are inherited from GP. Thus, the effect of the two investigated transgenes on the global transcript
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profile is substantially lower than the effect of a minor number of alleles that differ as a consequence of crop breeding.” (Kogel
et al., 2010)

Fig. 6 Characterization of ChGP transformants tissue-specific accumulation of endochitinase ThEn42 in ChGP transformants and its effect on
root infections by R. solani AG8. (A) Amounts of endochitinase in tissues of ChGP transformants. Seedlingsof thetransgenicbarley
linesUbi::ChGP-9 (blackbars),Ubi::ChGP-19(light gray bars), and 35S::ChGP-36 (dark gray bars). Endochitinase content in root tips, upperparts
of theroots, coleoptiles,hypocotyls,andfirst leaves (Left to Right) were determinedwithafluorometric assay (Fig.
S2AandSIMaterialsandMethods). Data are the mean of five replicate samples ± SEM (B) Reduced disease symptoms on ChGP transformants
after root inoculation with R. solani AG8 (SI Materials and Methods). Significant differences to GP with P < 0.05 are indicated by an asterisk
above the bars and were calculated with a Welch’s modified t test (29). From (Kogel et al., 2010).

In a further recent paper, dealing with biosynthetic comparison between tubers and leafes of potato
traits (Ferreira et al., 2010), the authors come again to similar conclusions, as expressed in an interview
of GMOsafetyof the senior author 2 in http://www.gmo-safety.eu/en/news/741.docu.html : “The
impact of transgenes is basically limited to their immediate function” .
And furtheron read the statements of Uwe Sonnewald in the interview of GMO Safety:
“GMO Safety: The following statement was deduced from your findings: Conventional breeding causes more changes in plants
than the introduction of a single transgene. Can you make such a generalisation? After all, you only looked at barley. Have
comparable studies been carried out on other genetically modified crops?
Uwe Sonnewald: As far as I know, this was the first time that both methods had been used in a simultaneous investigation.
Researchers have studied either gene expression or plant substances in wheat, potatoes and maize and have come to very
similar conclusions. The impact of transgenes is basically limited to their immediate function. For example, if I insert a gene for
fructan biosynthesis in potatoes, it is hardly surprising that these potatoes then produce fructan and so differ in this way from
their parent lines. But only negligible additional differences were found. I know of no instance where a more significant change
in gene expression has been caused by a single transgene. However, great variability exists between individual varieties of all
2

See http://www.gmo-safety.eu/en/news/741.docu.html
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the crops mentioned and the obvious explanation for this is that often the breeding objective is to create resistance to external
stress factors, and this involves a large number of genes.”

Again the same conclusions are drawn by another comprehensive paper of a large international
collective of authors (Barros et al., 2010):
“The aim of this study was to evaluate the use of four nontargeted analytical methodologies in the detection of unintended
effects that could be derived during genetic manipulation of crops. Three profiling technologies were used to compare the
transcriptome, proteome and metabolome of two transgenic maize lines with the respective control line. By comparing the
profiles of the two transgenic lines grown in the same location over three growing seasons, we could determine the extent of
environmental variation, while the comparison with the control maize line allowed the investigation of effects caused by a
difference in genotype. The effect of growing conditions as an additional environmental effect was also evaluated by
comparing the Bt-maize line with the control line from plants grown in three different locations in one growing season. The
environment was shown to play an important effect in the protein, gene expression and metabolite levels of the maize
samples tested where 5 proteins, 65 genes and 15 metabolites were found to be differentially expressed. A distinct
separation between the three growing seasons was also found for all the samples grown in one location. Together, these
environmental factors caused more variation in the different transcript ⁄ protein ⁄ metabolite profiles than the different
genotypes.” (Barros et al., 2010).

Figure 2b demonstrates no evident differences between GM – and non-GM maize:

Fig. 7 PCA score plots of maize grown at Petit over three consecutive years. Separation between the non-GM and GM varieties for (a)
microarray data, (b) proteomics data, (c) 1H-NMR spectra, (d) gas chromatographic ⁄ mass spectrometric (GC ⁄ MS) metabolite profiles. From
(Barros et al., 2010).

Interestingly enough, the parallel short report on the website of USDA www.isb.vt.edu was first
published (without notifying the authors) under a clearly misleading headline “Molecular Profiling
Techniques Detect Unintended Effects in Genetically Engineered Maize”, it was subsequently
corrected on intervention by the authors to the original headline given in the manuscript:
“Molecular Profiling Techniques as Tools to Detect Potential Unintended Effects in Genetically
Engineered Maize” (Barros, 2010).
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Based on the extensive review of (Wilson et al., 2006), transgenesis results into deletions and
insertions in the genome of considerable size, just as radiation mutation breeding can cause: (Meza
et al., 2002) show in genetically transformed plants:
“Transgene silencing has been correlated with multiple and complex insertions of foreign DNA, e.g. T-DNA and vector backbone
sequences. No striking differences were seen between the TS and C lines. The majority of the deletions are <75 bp, with an
average of 36 bp. The smallest deletion was 1 bp. In four cases, deletions of >100 bp were found, the largest of 1537 bp.
Normally, the deletion represented a continuous stretch of genomic DNA (Fig. 2A and Table 2). A somewhat more complex
pattern was observed in only one line (ex2±4 line 8), where a deletion of 35 bp at the integration site was followed by 60 bp of
genomic DNA preceding a second deletion of 825 bp.” (Meza et al., 2002).
It is one of the most frequent misunderstandings, that transgenesis causes more genomic disturbance than conventional
breeding. It is a very frequently encountered fundamental mistakes of many risk assessment papers related to GMOs: they lack
the baseline comparison – which in the case of environmental risk assessment should also comprise the important elements of
agricultural practice. Here, in chapter 3.2. and 3.3. we demand a scientifically founded baseline comparison between the various
breeding methods.

3.5.
Natural Genomic Variability: DNA as a Highly Dynamic System
As a preface to this chapter, one should realize the fantastic variability of cultivars, here demonstrated
with an illustration from (Parrott, 2010) about the already ancient colorful maize landraces:

Fig. 8 Maize from the Guatemalan highlands, showing that cross pollination takes place naturally between the landraces.
Photos courtesy of Eduardo Roesch, from (Parrott, 2010).

It is also ironic and a clear confirmation of green myths not related to reality, that one of the genetically
most altered plants, the sunflower, can be found as a symbol of naturalness for a major political party in
Germany (Grünes Bündnis).
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Fig. 9 Sunflowers, Helianthus annuus cultivar, one of the most artificial horticultural plants as a symbol for the political party of the greens
from Germany: Bündnis 90, DIE GRÜNEN. http://gruene-senden.de/schlagzeilen/archiv.html

It is also worthwhile to visit the site of David Tribe with GMO pundit, he offers an extensive site on
genomic comparison between GMOs and non-GMOs, with an impressive collection of “natural
transgenic plants” 3. See in particular the series of links under Natural GMOs, parts 1 to 12 and 13 to 26.
Some of the arguments used by David Tribe are taken up here and enriched with more facts and
references:
3.6.

Dramatic rearrangement of R gene loci: This class of genes diversifies more
rapidly than other genes in the crops studies
Once more, the erroneous view of the genome as a stable system is falsified with data of genomic
analysis:
One of the major sources of genetic variability (clearly an evolutionary necessity) is described by (Leister,
2005) on the origin, evolution and genetic effects of nuclear insertions of organelle DNA, illustrated in
the following figure 10.

3

David Tribe’s blogspot on Natural GMOs: http://gmopundit2.blogspot.com/2005/12/collected-links-to-scientific.html
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Fig. 10 Schematic overview of known types of intercompartment DNA transfer. (a) Organelle-to-nucleus; (b) chloroplast-to-mitochondrion;
(c) nucleus-to-mitochondrion. From (Leister, 2005)

In Box 1, (Leister, 2005) describes in detail the various possibilities of gene flow and reasons for genomic
change:
“Box 1. DNA flow between different genetic compartments
Six types of DNA transfer are conceivable between the three DNA-containing organelles: nucleus, plastid and mitochondrion. In
ptDNAs, no sequence of nuclear or mitochondrial origin has yet been detected, indicating that nucleus-to-plastid or
mitochondrion-to-plastid transfer occurs extremely rarely or not at all. During the early phase of organelle evolution, organelleto-nucleus DNA transfer (designated in Figure I as ‘a’) resulted in a massive relocation of functional genes to the nucleus: in
yeast, as many as 75% of all nuclear genes could derive from protomitochondria [62], whereas w4500 genes in the nucleus of
Arabidopsis are of plastid descent [63]. Cases of present-day organelle-to-nucleus DNA transfer, revealed by the presence of
NUMTs and NUPTs, are known in most species studied so far. Among the few eukaryotic organisms in which norgDNA has not
been detected are the malaria mosquito (Anopheles gambiae) and the honeybee (Apis mellifera). Mitochondrial chromosomes
contain segments homologous to chloroplast sequences, as well as sequences of nuclear origin, providing indirect evidence for
plastid-to-mitochondrion and nucleus-to-mitochondrion transfer of DNA (Figure I: ‘b’ and ‘c’). Thus, a few percent of the mtDNA
of flowering plants derives from ptDNA, whereas retrotransposons seem to be the major source of nucleus-derived mtDNA.
Interestingly, although plastid-to-mitochondrion and nucleus-tomitochondrion DNA transfer have been detected in almost all
plant mitochondrial chromosomes sequenced so far [64,65], there is no evidence for the incorporation of nDNA into the
mitochondrial genome of maize [66].”
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Conclusions of an earlier paper of (Leister et al., 1998):
“Our data suggest a dramatic rearrangement of R gene loci between related species and implies a different mechanism for
nucleotide binding site plus leucine-rich repeat gene evolution compared with the rest of the monocot genome”

And further on in the same paper:
“Here we describe the isolation and characterization of NBS-LRR homologues via PCR from two monocot species, rice and barley,
based on structurally conserved motifs in dicot NBS-LRR R genes. We have analyzed their sequence diversity and their linkage to
genetically characterized R genes. The results from a comparative mapping in rice, barley, and foxtail millet indicates a rapid
evolution of R genes in each species and suggests possible mechanisms to generate diversity in resistance loci.” And:
“At present, rapid sequence divergence and ectopic recombination are equally possible mechanisms to explain the lack of
intraspecific syntenic relationships detected with our set of R-like gene probes. Regardless of whether the former or latter (or
both) mechanism drives the evolution of monocot NBSLRR genes, the data shown here provides strong evidence that this class
of genes diversifies more rapidly than the rest of the tested monocot genomes.” (Leister et al., 1998)

3.7.

Jumping Genes: Their dynamics falsify the erroneous picture of regulators that
DNA is a stable string of genes
The seemingly absolute novelty of genetic engineering on the molecular level has been contested
already in the early days of molecular biology in the 1930s and 1950s with the discovery of cellular
systems for genome restructuring discovered with the classic papers of McClintock (McClintock, 1930,
1953).
“1. A case of semisterility in Zea mays was found to be associated with a reciprocal translocation (segmental interchange)
between the second and third smallest chromosomes.
2. Through observations of chromosome synapsis in early meiotic prophases of plants heterozygous for the interchange it has
been possible to locate approximately the point of interchange in both chromosomes. The interchange was found to be unequal.
3. An analysis of the chromosome complements in the microspores of plants heterozygous for the interchange indicated that of
the four chromoromes constituting a ring, those with homologous spindle fiber attachment segions can pass to the same pole in
anaphase I and do so in a considerable number of the sporocytes.”

And in the paper of 1953, usually cited as the classic publication, leading decades later, including her
relentless fight for the “jumping genes concept”: Here the full summary of her paper:
“Previous studies of the origin and mode of expression of genic instability at a number of known loci in maize led to the
following conclusions. Extragenic units, carried in the chromosomes, are responsible for altering genic expression. When one
such unit is incorporated at the locus of a gene, it may affect genic action. The altered action is detected as a mutation.
Subsequent changes at the locus, initiated by the extragenic unit, again can result in change in genic action ; consequently, a
new mutation may be recognized. The extragenic units undergo transposition from one location to another in the chromosome
complement. It is this mechanism that is responsible for the origin of instability at the locus of a known gene; insertion of an
extragenic unit adjacent to it initiates the instability. The extragenic units represent systems in the nucleus that are responsible
for controlling the action of genes. They have specificity in that the mode of control of genic action in any one case is a reflection
of the particu!ar system in operation at the locus of the gene. One extragenic system controlling genic expression is composed
of two interacting units. It is the so-called Dissociation-Activator (Ds-Ac) system. Both Ds and Ac undergo transposition. The Ds
component, when inserted at the locus of a gene, is responsible for modification of genic expression. Subsequent changes at the
locus, initiated by Ds, result in further modification of genic expression. The Ac component in this two-unit system controls when
the changes at Ds will occur. From the conclusions stated above, it was anticipated that the Ds-Ac system could operate at any
locus of known genic action. This is because the Ds unit may be transposed to various locations in the chromosome complement.
To obtain this type of instability at any one locus of kn,own genic action, it is only necessary to provide adrquate means for its

19
detection. The methods used to obtain and detect this type of instability at the AI locus in chromosome 3 and at the A2 locus in
chromosome 5 are described. A detailed analysis of one such case is presented in this report.”

Later commentaries of Fedoroff were summarizing the scientific achievements of McClintock,
acknowledging her scientific merits: (Fedoroff, 1992, 1994; Fedoroff et al., 1995; Fedoroff, 1984;
Fedoroff, 1991). Especially in the review published in the Scientific American, transposons are well
summarized as a generally occurring phenomenon, having changed considerably the concept of
genomics, this is well illustrated in the fact of the multicolored maize kernels:

Fig. 11 Development time and frequency of transposition differ in mutations caused by the insertion of different defective Spm elements. If
transposition takes place late in the development, the clones of revertent cells are small and therefore so are the pigmented spots (a) . If
transposition takes place at about the same time but at a lower frequency, there are fewer such clones and fewer spots (b). If the
transposition that resores gene function takes place earlier, the revertant clones and the spots of the pigmented tissue are larger (c). From
(Fedoroff, 1984).

See a photo from a landrace preserved as a cultivar from Thusis, Switzerland, visualizing the dynamics of
transposition:

Fig. 12 Landrace preserved as a cultivar from Thusis, Switzerland, visualizing the colorful dynamics of transposition: Photo Klaus Ammann
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More comments on McClintocks scientific breakthrough in (Lewin, 1983; Shapiro, 1997), the latter
probably the first to coin the term ‘natural genetic engineering’.

3.8.

Helitrons contribute to the lack of gene colinearity observed in modern maize
inbreds
It was David Tribe in his blogspot on natural transgenics part 7 linking helitrons to natural GMO’s 4
“Until recently, it was assumed that the order of gene sequences within modern maize would be virtually invariant. Recent
discoveries have shown that gene co-linearity is not always the case. Several laboratories (1-3) have found DNA regions rich in
gene sequences that are present in some maize inbred lines but absent at homologous sites in other lines. This variation, termed
"intraspecific violation of genetic co-linearity" or "plus/minus genetic polymorphism," was shown by (Lal & Hannah, 2005) in a
recent issue of PNAS to be caused by a newly described transposable element family termed Helitrons.”

In a recent review, (Lal et al., 2009) summarize the importance of a recently discovered superfamily of
transposable elements. The authors critically analyze the proposed mechanisms of Helitron
transposition, their impact on genome evolution and the process by which these enigmatic elements
capture and multiply host genes. Intriguingly, maize Helitrons share striking structural similarity
to bacterial integrons. These elements capture gene sequences via site-specific recombination and
generate circular intermediates (Hall & Collis, 1995). Both Helitrons and integrons are mobile, lack
terminal repeats and cause no duplication of host genome sequence upon insertion.
3.9.
Polyploids, Alloploids in Flowering Plants
In his blog series part 9, David Tribe sums up polyploidisation dynamics of higher plants 5:
“During only the past decade [i.e post 1985] molecular approaches have provided a wealth of data that have dramatically
reshaped views of polyploid evolution, providing a much more dynamic picture than traditionally espoused. In particular,
molecular data:
(i) demonstrate that both autopolyploids and allopolyploids exhibit a high frequency of recurrent formation (multiple origin),
(ii) reveal that multiple polyploidization events within species have significant genetic and evolutionary implications, and
(iii) contradict the traditional view of autoploidy as being rare and maladaptive (Soltis & Soltis, 1993).
Perhaps one of the most important contributions of molecular data to the study of polyploid evolution is the documentation that
a single polyploid species may have separate, independent origins from the same diploid progenitor species.
Multiple origins of polyploids have now been documented in bryophytes (Wyatt et al., 1988) and in >40 species of ferns (e.g.,
(Werth et al., 1985) and (Ranker et al., 1989) and angiosperms (e.g., refs. (Brochmann et al., 1992; Doyle et al., 1990; Soltis et
al., 1995; Song & Osborn, 1992). In fact, molecular data indicate that multiple origins of polyploids are the rule and not the
exception (Soltis & Soltis, 1993). In several species studied in detail with molecular markers, recurrent polyploidization was
shown to occur with great frequency during short time spans and in small geographic areas ((Brochmann et al., 1992; Soltis et
al., 1995). For example, Tragopogon mirus and Tragopogon miscellus may have formed as many as 9 and 21 times, respectively,
in a small region of eastern Washington and adjacent Idaho during just the past 50 years (Soltis et al., 1995).
The frequent recurrence of polyploidization also has major evolutionary implications, suggesting that polyploids are much more
genetically dynamic than formerly envisioned.”

4
5

David Tribes blogspot No. 7: http://gmopundit.blogspot.com/2006/01/natural-gmos-part-7-nanobot-genetic.html
David Tribes blogspot No. 9: http://gmopundit.blogspot.com/2006/01/natural-gmos-part-9-different.html
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Polyploidy is one of the most distinctive and widespread modes of speciation in higher plants. Thirty to
70% of angiosperms, including many important crop plants, are estimated to have polyploidy in their
lineages (Song et al., 1995), again a strong argument for the high dynamics of the genome of higher
plants.
Again, confirming the genomic consensus, that transgene insertions cannot be seen apart from all other
breeding methods in its impact to the genome, (Riddle et al., 2006) demonstrate the often dramatic
influence of ploidy levels on genomics in maize:
“Polyploidization is an important process in the evolutionary history of most eukaryotic species. It oftentimes causes large-scale
genomic reorganizations and is accompanied by a wide variety of phenotypic alterations in morphology, niche preference and
fitness characteristics. Despite their importance, the morphological effects of alterations in ploidy are not well understood. We
investigated these changes in four diverse maize inbred lines, using monoploid, diploid, triploid and tetraploid derivatives,
measuring 13 characters in a randomized field study. Employing several analysis of variance approaches, we find that all
characters investigated strongly respond to alterations in ploidy. This response appears to have two sources: one source is
shared by all inbred lines and constitutes a common response to ploidy change. The other source is genotype specific and results
in a response to ploidy.” (Riddle et al., 2006)

Fig. 13 Line-specific response to ploidy change. Response of the three height characters, ‘‘height at 4 weeks after planting’’ (top panel),
‘‘height at 6 weeks after planting’’ (middle panel) and ‘‘adult height’’ (bottom panel), to alterations in ploidy change is dependent on the
genetic background of the individuals. Mean height in centimeters for each group is given on the Y-axis, while the four groupings of bars
represent the monoploid, diploid and tetraploid lines of each inbred line. Monoploid, diploid and tetraploid lines are shown in blue, red and
yellow, respectively. Error bars represent standard errors. (Riddle et al., 2006).
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In a recent paper, (Wu et al., 2010) makes clear that on the genomic transcription level the cell size is
important, which is itself dependent on ploidy levels:
“Cell size increases significantly with increasing ploidy. Differences in cell size and ploidy are associated with alterations in gene
expression, although no direct connection has been made between cell size and transcription. Here we show that ploidyassociated changes in gene expression reflect transcriptional adjustment to a larger cell size, implicating cellular geometry as a
key parameter in gene regulation. Using RNA-seq, we identified genes whose expression was altered in a tetraploid as compared
with the isogenic haploid. A significant fraction of these genes encode cell surface proteins, suggesting an effect of the enlarged
cell size on the differential regulation of these genes. To test this hypothesis, we examined expression of these genes in haploid
mutants that also produce enlarged size. Surprisingly, many genes differentially regulated in the tetraploid are identically
regulated in the enlarged haploids, and the magnitude of change in gene expression correlates with the degree of size
enlargement. These results indicate a causal relationship between cell size and transcription, with a size-sensing mechanism
that alters transcription in response to size. The genes responding to cell size are enriched for those regulated by two mitogenactivated protein kinase pathways, and components in those pathways were found to mediate size-dependent gene regulation.
Transcriptional adjustment to enlarged cell size could underlie other cellular changes associated with polyploidy. The causal
relationship between cell size and transcription suggests that cell size homeostasis serves a regulatory role in transcriptome
maintenance. (Wu et al., 2010).

3.10. Natural genomic and phaenotypic variability of plants underestimated
The whole debate on the differences between transgenic and non-transgenic suffers from ignorance
about the natural variability of organisms and thus is affecting a scientifically correct safety assessment
of GM food and environmental impacts of GM plants, as (Batista & Oliveira, 2010) were able to
demonstrate with literature references and also with original data:
In order to address this issue, (Batista & Oliveira, 2010) have performed 2D-gel electrophoresis of five
different ears of five different MON810 maize plants and of other five of the non-transgenic nearisogenic line. They also performed 2D-gel electrophoresis of the pool of the five protein extractions of
MON810 and control lines. As a result, they found that the exclusive use of data from 2Delectrophoresed pooled samples, to compare these two lines would be insufficient for an adequate
safety evaluation. We conclude that, when using ‘‘omics” technologies, it is extremely important to
eliminate all potential differences due to factors not related to the ones under study, and to understand
the role of natural plant-to-plant variability in the encountered differences.

Fig. 14 Scatter plot of the first two principal components from the principal component analysis (PCA). Pink circle: 2D-gel electrophoresis of
individual control ears; Blue circles: 2D-gel electrophoresis of individual IR maize ears; Purple circles: 2D-gel electrophoresis of control pool;
Yellow circles: 2D-gel electrophoresis of IR maize pool. (For interpretation of the references to color in this figure legend, the reader is
referred to the web version of this article.)
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Principal component analysis of the 24 analysed gels clearly confirmed that some of the differences
encountered between pools could be the result of a high plant-to-plant natural variability, which
emphasizes the importance of assessing natural variability. Although ‘‘omics” technologies are becoming
standard tools that offer tremendous opportunities to more accurately assess the potential for any
unintended effect, there are still significant challenges. One of these challenges regards the adequate
management of the large quantity of complex raw data generated by these technologies in a manner
such that it can be adequately analysed, scrutinized, and compared for the benefit of the scientific
community (Fratamico, 2008). When using ‘‘omics” technologies, it is extremely important to ensure
that all potential differences due to factors not related to the ones under study are eliminated, or at
least strongly minimized. However, this plaedoyer for the use of omics for a proper baseline comparison
should be clearly restricted to the problems of a critical comparability of safety assessment results, it
should not lead to the widening of a search for thousands of (due to transgenicity) potentially altered
substances, as (Chassy et al., 2007; Lay et al., 2006) have rightly pointed out, since you can land in the
devils kitchen this way.

3.11. Horizontal Geneflow between Pro-Caryotes and Eu-Caryotes
There is a rich literature documenting – on an evolutionary long term scale – that horizontal transfer of
genes (HGT) between pro-caryotes and eu-caryotes are not uncommon: However, according to (Keeling
& Palmer, 2008) many records of HGT (Consortium, 2001) are not confirmed by phylogenetic analysis
proving incongruent sequences (Stanhope et al., 2001). This means that potentially, molecular processes
can transfer foreign genes, so – actually, all living organisms are in that sense “transgenic organisms”,
but only considering evolutionary time scales of millions of years time span for the transfer event. To be
clear, there is no evidence of horizontal gene transfer coming from the relatively new practice in
modern breeding methods of genetic engineering (Smalla & Sobecky, 2002; Smalla & Vogel, 2007). Even
the much publicized case of HGT with a transgene in the human guts, correctly published by
(Netherwood et al., 1999; Netherwood et al., 2004) is based on clearly wrong interpretation and false
claims of opponents, see (Ammann, 2002). However, for mitochondrial DNA things are different:
According to (Archibald & Richards, 2010), mitochondrial DNA can be exchanges rather frequently:
“Parasitic plants and their hosts have proven remarkably adept at exchanging fragments of mitochondrial DNA. Two recent
studies (Mower et al., 2010; Richardson & Palmer, 2007) provide important mechanistic insights into the pattern, process and
consequences of horizontal gene transfer, demonstrating that genes can be transferred in large chunks and that gene
conversion between foreign and native genes leads to intragenic mosaicism. A model involving duplicative horizontal gene
transfer and differential gene conversion is proposed as a hitherto unrecognized source of genetic diversity.”

The conclusion from this chapter 3.10 is again that gene exchange in the course of evolution has been
proven, and thus “evolutionary transgenes” are part of nature. Transgenesis belongs to nature and it is
scientifically not justified to make a fundamental distinction between natural organisms (strictly without
transgenes) and artificial organisms containing trangenes with methods of targeted genetic engineering.
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3.12. Natural GM plants: no surprise
It is therefore of no surprise that a natural “transgene” species has been discovered in a widespread
grass genus (Ghatnekar, 1999; Ghatnekar & Bengtsson, 2000; Ghatnekar et al., 2006):
Phylogenetic analysis of the PgiC1 and PgiC2 sequences indicates that PgiC2 (complex, carrying two gene
copies) has introgressed into Festuca ovina from the rather distant genus. Such an introgression may, for
example, follow from a non-standard fertilization with more than one pollen grain, or a direct horizontal
gene transfer mediated by a plant virus. Festuca as a genus is well known to have a high percentage of
aneuploidy following frequent asexual and apomictic reproduction and is usually seen by taxonomists as
being rather distant to the genus Poa – but there is an interesting exception: Poa violacea Bell. (also
known as Festuca pilosa Haller f.), this plant is considered by the specialists as a possible hybrid between
the two genera with an intermediate seed morphology.
“In a later paper the analysis was carried further on (Vallenback et al., 2008), here the abstract:
A segregating second locus, PgiC2, for the enzyme phosphoglucose isomerase (PGIC) is found in the grass sheep’s fescue,
Festuca ovina. We have earlier reported that a phylogenetic analysis indicates that PgiC2 has been horizontally transferred from
the reproductively separated grass genus Poa. Here we extend our analysis to include intron and exon information on 27 PgiC
sequences from 18 species representing five genera, and confirm our earlier finding. The origin of PgiC2 can be traced to a group
of closely interrelated, polyploid and partially asexual Poa species. The sequence most similar to PgiC2 is found in Poa palustris
with a divergence, based on synonymous substitutions, of only 0.67%. This value suggests that the transfer took place less than
600,000 years ago (late Pleistocene), at a time when most extant Poa and Festuca species already existed.” (Vallenback et al.,
2008).

(Vallenback et al., 2010a) confirmed also that the natural transgene is not just a local ephemeral
phenomenon, but geographical variation in Southern Scandinavia and Northern Germany demonstrate a
natural and widespread genomic peculiarity: A PCR based survey of Festuca ovina plants revealed some
surprises:
“From populations around the southern part of the Baltic Sea demonstrates both geographic and molecular variation in the
enzyme gene PgiC2, horizontally transferred from a Poa-species. Our results show that PgiC2—a natural functional nuclear
transgene—is not a local ephemeral phenomenon but is present in a very large number of individuals. We find also that its
frequency is geographically variable and that it appears in more than one molecular form. The chloroplast variation in the
region does not indicate any distinct subdivision due to different colonization routes after the last glaciation. Our data illustrate
the geographic and molecular variation that may occur in natural populations with a polymorphic, unfixed transgene affected
by diverse kinds of mutational and evolutionary processes.” (Vallenback et al., 2010a)

In the latest paper of the research group (Vallenback et al., 2010b) the molecular analysis leads closer to
an explanation of the genomic phenomenon as a horizontal gene transfer with a still unknown vector.:
“The close similarity of the up- and downstream regions with the corresponding regions in P. palustris excludes all suggestions
that PgiC2 is not a HGT but the result of a duplication within the F. ovina lineage. The small size of the genetic material
transferred, the complex nature of the PgiC2 locus, and the associated fragment with transposition associated properties
suggest that the horizontal transfer occurred via a vector and not via illegitimate pollination.” (Vallenback et al., 2010b).
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4. Conclusions on Regulation and Biosafety related
to the Genomic Misconception
4.1.

More genomic similarities between GE- and non-GE crops reduce the need for
regulation and biosafety research
In a recent paper the research group of Louis La Paz et al. (Luis La Paz et al., 2010) confirm the stability
of the transgene of one of the widely commercialized Bt maize traits MON810 and explicitely state: They
studied, in detail, the genomic variability of the MON 810 transgene cassette and flanking regions in
several commercially available transgenic maize lines. The study addressed the analysis of large
rearrangements using Southern analysis, point mutations and small indels using the mismatch
endonuclease assay, and cytosine methylation using bisulfite sequencing. DNA methylation of the
transgene and cryIA(b) mRNA levels were also determined throughout the plant development. This
suggests that, once integrated into the genome, transgenes are not mutation ‘‘hot spots’’ and have
similar rates of mutation to endogenous genes.
In conclusion, their data demonstrate that the tendency towards genetic instability of the sequence
introduced in the MON 810 YieldGard maize is no higher than for endogenous maize genes. There is
very little difference in cytosine methylation status of the transgene among leaves of different varieties
and among different developmental stages. However, the level of cry1A(b) mRNA accumulation is
reduced throughout leaf development. This can be interpreted that GM and non-GM maize behave
genomically the same way, again no reason to regulate GM plants in a special, process-oriented way.
The same has been confirmed with the other widely commercialized crop, the herbicide tolerant
soybean: Similar mutation rates have been estimated for the transgene of the Roundup Ready soybean
(Ogasawara et al., 2005; Padgette et al., 1995). This suggests that, once integrated into the genome,
transgenes are not mutation ‘‘hot spots’’ and have similar rates of mutation to endogenous genes.
(Opponents like Mae van Ho promoted the erroneous idea that transgenes, in particular their promoters
could act as hot spots causing instability (Ho, 2000; Hull et al., 2000; Kohli et al., 1999)), a concept which
has been dismissed by the overwhelming majority of scientists working in this field.
Risks caused by conventional breeding can be rather high, as the case of the conventional breeding of
the potato Lenape has proven: the trait had to be withdrawn because of its much too high contents of
solanidine glycoalkaloid (Ramsay et al., 2005).
(Miller & Conko, 2004a) provide important arguments supporting the view that the genomic structure of
transgenic plants do not contain any inherent new risks compared to conventional breeds:
The authors raise in a justified way based on genomic facts serious doubts about the commonly used
concept of transgenesis. In the light of pre-recombinant DNA produced in great variety by conventional
breeding with thousands of foreign genes.
“In these examples of prerecombinant-DNA genetic improvement, breeders and food producers possess little knowledge of the
exact genetic changes that produced the useful trait, information about what other changes have occurred concomitantly in the
plant or data on the transfer of newly incorporated genes into animals, humans or microorganisms. Consider, for example, the
relatively new man-made wheat 'species' Triticum agropyrotriticum, which resulted from the wide-cross combination of the
genomes of bread wheat and a wild grass sometimes called quackgrass or couchgrass (Banks et al., 1993; Sinigovets, 1987) T.
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agropyrotriticum, which possesses all the chromosomes of wheat as well as the entire genome of the quackgrass, was
independently produced for both animal feed and human food in the former Soviet Union, Canada, the United States, France,
Germany and China.”

4.2.
Some conventional breeding causes lots of genomic alteration
One should also take into account, that many of the conventional breeding methods such as
colchicination (Awoleye et al., 1994; Barnabás et al., 1999) and radiation mutation breeding (Reynolds et
al., 2000; Shirley et al., 1992) are obviously more damaging to the genome (Schouten & Jacobsen, 2007),
and it is in addition not possible to clearly define what impact the un-targeted process could have
caused. (Molnar et al., 2009) reported in detail about radiation treatment of the chromosome
morphology of wheat hybrids: Dicentric chromosomes, fragments, and terminal translocations were
most frequently induced by gamma-radiation, but centric fusions and internal exchanges were also
more abundant in the treated plants than in the control amphiploids. The irradiated amphiploids formed
fewer seeds than untreated plants, but on the other hand normal levels of fertility were recovered in
their offspring. On the positive side the authors are confident that intergenomic translocations will
facilitate the successful introgression of drought resistance and other alien traits in bred wheat. But it
has to be admitted that repair mechanisms on the DNA level are powerful (Baarends et al., 2001; Dong
et al., 2002; Morikawa & Shirakawa, 2001).
It is only logical that opposition within organic farming towards genetic engineering is now expanding
also to some of those conventional breeding methods, some go even so far as to reject marker assisted
breeding – typically for the organic agriculture scene, this trend is based on the myth of “intrinsic
integrity of the genome”, for which term it is not possible in the literature to find a proper scientific
definition based on comparisons (Ammann, 2008). The addition of rejected breeding methods would
ultimately lead to an absurd situation, where most of the modern time traits would have to be rejected
and breeding would be forced to start from scratch.
Basically, many of the first generation GM crops should be today subject to a professional debate on
deregulation, and there is good and sturdy reason to state that many of these GM crops should not have
been treated in such a special way in the first place, they can be compared in their risk potential to many
crops created with traditional methods.
This should not be misunderstood as a plea for general deregulation of GM crops, rather for a strict and
science based risk based regulation focusing also on products, not on processes alone.
Somatic hybridization also deserves a short mention here, the method enabled the artificial
hybridization of crops which have no genomic natural compatibility, see the review of (Waara &
Glimelius, 1995). Progeny analysis of some hybrid combinations also reveals inter-genomic
translocations which may lead to the introgression of the alien genes. Furthermore, fusion techniques
enable the re-synthesis of allopolyploid crops to increase their genetic variability and to restore ploidy
level and heterozygosity after breeding at reduced ploidy level in polyploid crops. As a matter of fact,
somatic hybridization has made it possible in evolutionary times to introduce alien genes from one
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genus to the other, usually having no interfertility. This biological phenomenon has also been used for
some novel breeding methods creating new crops and achieving better resistance (Scholze et al., 2010)

4.3.

Dissent over molecular differences (the Genomic Misconception) causes
transatlantic divide, possible solutions
This actually includes a critical questioning about some basic rules of the United Nations Convention on
Biological Diversity (CBD): transgenic crops of the first generation should not have been generally
subjected to regulation purely based on the process of transgenesis alone; rather it would have been
wiser to have a close look at the products in each case, as John Maddox already proposed in 1992 in an
editorial in Nature (Anonymous, 1992). This is also the view of Canadian regulators (Andree, 2002;
Berwald et al., 2006; Macdonald & Yarrow, 2002), where the novelty of the crop is the primary trigger
for regulation. This transatlantic (and transoceanic) contrast has been commented by many (Aerni et al.,
2009; Bennett et al., 1986; Kalaitzandonakes et al., 2005; Ramjoue, 2007a, b; Snyder et al., 2008; Thro,
2004), and although for many years a solution and mediation seemed to be too difficult, contrasts can
be overcome:
In a recent paper, an indiscriminate continuation of food biosafety research is questioned on the basis of all the above
arguments by Herman et al. (Herman et al., 2009) with good reason:
“Compositional studies comparing transgenic crops with non-transgenic crops are almost universally required by governmental
regulatory bodies to support the safety assessment of new transgenic crops. Here we discuss the assumptions that led to this
requirement and lay out the theoretical and empirical evidence suggesting that such studies are no more necessary for
evaluating the safety of transgenic crops than they are for traditionally bred crops.”

4.4.
The present day precarious regulatory situation in Europe for GM crops
With the above falsified basis of regulatory views in Europe following the adoption of the Genomic
Misconception, i.e. focusing on the process of transgenesis instead of the products of breeding, the door
is wide open for all kinds of scaremonger views on GM crops. In many cases, the list of negative
assumptions circumscribed in a pseudo-scientific way as “potential risks” is long.
Often it is enough to decide for very restrictive legislation over the chain of thoughts: novel
unprecedented manipulation of the genome with unknown risks, application of the precautionary
principle (which is actually defined in the official legislation of the Rio Convention as the Precautionary
Approach…) and consequently legislate very restrictively.
Some symptomatic reviews can illustrate this properly, all are indulging into potentialities of negative
effects, they usually do not produce hard facts of negative processes in food and environment caused by
GM crops:
Example 1:
(Andow & Zwahlen, 2006) enumerate extensively all kinds of possible negative effects: Two examples of
citations:
(a) the rather biased review of the Monarch butterfly case leaves the impression, that with this example, negative effects on
non-target insects are possible, although the case is closed without further and some important papers are not cited, such as
(Gatehouse et al., 2002; Gathmann et al., 2006).
(b) Another questionable treatment of literature in this review is the case of a co-authored paper of (Haygood et al., 2003),
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which is considered by others to be a grossly exaggerated model calculation (by a factor of one million), see the critique in
(Gressel, 2005) – but here in this review it is treated as a seriously to be considered publication.

Example 2:
(Seralini et al., 2009), clearly and several times rebutted by Doull and EFSA (Doull et al., 2007; EFSA,
2007a, b, c), for its questionable experimental concept and wrong applications of statistical methods.
Conclusions from (Doull et al., 2007):
“The Panel concludes that the original analysis conducted by Monsanto (Hammond et al., 2006) used statistical methods
conventionally recognized by regulatory authorities (EFSA, 2007c). The methods used in the reanalysis conducted by (Seralini et
al., 2007) for clinical chemistry, haematological and urinalysis variables, were broadly comparable in concept with the original
analysis conducted by Monsanto (Hammond et al., 2006) except that (Seralini et al., 2007) made comparisons between groups
using t-tests without multiple comparison procedures and without an initial one-way ANOVA. The differences in the two
approaches probably led to the higher rate of statistically significant comparisons in the Se´ralini et al. (2007) analysis compared
to the Monsanto analysis.” (Doull et al., 2007)

Example 3:
The case of the rat experiments of Pusztai, see (Ewen & Pusztai, 1999a, b, c) and the rebuttals: (Kuiper
et al., 1999) and (House of Commons, 19990308; Rowett Institute, 1998; Royal Society, 1999), see also
the extensive ASK-FORCE blog on the matter 6 with lots of details and original documents. The rat
experiments again are deeply flawed for many reasons: Feeding procedure, statistics, conclusions etc.
From the rebuttal of (Kuiper et al., 1999):
“In summary, methods to assess the safety of GM foods that are already on the market are adequate, but the future generation
of such foods will need a wider range of tests cove ring both toxicological and nutritional endpoints. The studies must be
designed carefully because of the complexity of foods (OECD, 1998). This complexity means that the adoption, as recently
proposed, (Millstone et al., 1999) of an approach used for pesticides and food additives - the establishment of an “acceptable
daily intake” - is inappropriate . Results of studies into GM foods should be interpreted with caution and presented to the
scientific community in sufficient detail.” (Kuiper et al., 1999).

It is extremely unfortunate, that due to this deeply misconstrued genomic risk assessment concept the
door is wide open for a too rigorous precautionary principle, papers with potential negative contents get
much more attention in the press and grey literature if this kind is blossoming.
Serious reviews based on field and lab data or even better with meta-data collected in a transparent
way and with positive outcome have been published lately, a few examples should be enough: (Duan et
al., 2008; Konig et al., 2004; Marvier et al., 2007; Wolfenbarger et al., 2008).
It is also symptomatic in this climate of hysteria, that the recent publication of the next 10 years report
of the European Commission (2001-2010) reporting not a single case of a negative incident did not really
hit broadly the media (European Commission, 2010).
There is no sign of major change in the present day regulatory rules of the European Community, they
are still strictly process based in their focus and concentrate on concerns about potential negative
effects, and it will probably need big efforts to change this. As the 13 blogs in ASK-FORCE demonstrate
clearly, the whole regulatory legislative world today is saturated with misconceptions of various kinds,
6

Ammann, K. ASK-FORCE blog on the case of A. Pusztai: http://www.ask-force.org/web/AF-2-Pusztai/AF-2-Pusztai-Food-Safety20110111.opensource.pdf

29
see the summary links: ASK-FORCE summaries 7. Three summaries of the widespread myths on GM
crops are published by (Bonny, 2003; McHughen & Wager, 2010; Parrott, 2010).
The only hope is, that the new EU Health Commissioner John Dalli, the main responsible for GMO
regulation, is determined to change this 10 years stall situation, strictly on the basis of sound science.
However, he unfortunately also suggests a major turnaround: In his words, ‘experience with GMOs so
far shows that member states need more flexibility to organize the co-existence of GM and other types
of crops such as conventional and organic crops’.
Stressing that an EU-wide authorization system ‘based on solid science’ would remain fully in place, the
Commissioner nonetheless conceded that socio-economic, cultural and ethical considerations might
drive decisions relating to the co-existence of GM and conventional crops (EU-Regulation-GMO-free
Regions, 20100713). This would actually mean another blow at the importance of science in regulation,
despite blue-eyed declarations of the contrary. The only hope is, that the case is not yet politically
decided, and it is well known that political decision making processes in matters of transgenic crops are
extremely tedious and unpredictable and certainly long-lasting and often ending into as permanent stall
situation – as usual.
It is really sad to see the soaring regulatory costs following this Genomic Misconception, certainly also
combined with a special attachment of rich European communities to a fear culture without factual
reasons, this will be the topic of another ASK-FORCE contribution, here only two pertinent contributions
describing a bleak picture of the growing regulatory costs: (Bernauer et al., 2011) and (Drobnik, 2008;
Sehnal & Drobnik, 2009).
But there is hope also, a recent protest and petition in Finland demands categorically a change in the
regulation of biotechnology: An exceptionally large and authoritative group of scientists handed a
petition to Parliament in January 2011. The petition requests that the Members of Parliament base their
decisions in the lawmaking process regarding genetic modification on scientific facts instead of on
hearsay and rumours. According to the assembled professors, the current legal undertakings aim to
censor scientific freedom. 8
4.5.
Perspectives for a dissolution of the transatlantic divide
These old and new perspectives in genomic insight, for the moment only visible in basic research on
modern genomics, create hope that innovative solutions can be found even within the Cartagena
Protocol.
Unfortunately, the obstacles are big and mainly politically motivated: This is true for Governments and
their regulation community. But you find this strict adherence to the Genomic Misconception also for
the United Nations with its majority of delegates sent to biosafety conferences who have often no idea
of the science behind the regulation of GM crops.
And – sad to say - this is unfortunately also true among a certain brand of risk assessment researchers
who value their own interest in research grant policy higher than looking for solutions including a
7
8

ASK-FORCE summaries http://www.ask-force.org/web/ASK-FORCE-Summary/ASK-FORCE-Summary.pdf

Finnish Petition on Regulation of GM crops: ftp://askforc@ask-force.org/www/ask-force.org/web/Regulation/Finnish-Delegation-RegulationEase-20110125.PDF
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scientifically justified rethinking of regulatory hurdles. This is allthemore astounding, since research
produces nearly every week new ways of genome manipulation, which need to be evaluated urgently,
so there should be no fear to go out of work for the risk assessment community. A recent paper of G.
Conko and H.I. Miller demonstrates, that the transatlantic divide could cause a backlash to the
regulatory system in the New World, concerns are summarized in (Conko & Miller, 2011), the
introduction may suffice here:
“Despite of more than twenty years of scientific, humanitarian, and financial successes and an admirable record of
health and environmental safety, genetic engineering applied to agriculture continues to be beleaguered by activists. Genespliced, or so-called genetically modified, crop plants are now grown on nearly 150 million acres
in the United States alone, helping farmers to increase yields, reduce pesticide spraying, and save topsoil — and without injury
to a single person or damage to an ecosystem. But this remarkable record hasn’t kept radical environmentalists from
condemning and obstructing the technology. When they can’t sway public opinion with outright misrepresentations or induce
regulators to reject products, activists have resorted to vandalism of field trials and, finally, to harassment with nuisance
lawsuits.
Environmental activists succeeded in alarming the American public about gene-spliced crops and foods for a time during the
1990s and the early part of last decade, but they cried wolf so often in the face of an unbroken string of successes that the public
began to tune them out. More recently, the activists have had to dig deeper into their bag of tricks and revive a proven strategy
for obstructing progress: litigation that challenges the procedural steps government agencies take when approving individual
gene-spliced crops. Since 2007, a coalition of green activist groups and organic farmers has used the courts to overturn two final
approvals for gene-spliced crop varieties and the issuance of permits to test several others. At least one additional case is now
pending.” (Conko & Miller, 2011).

4.6.
Urgent: Call for de-regulation of commonly commercialized transgenic crops
In a first phase some of the widespread transgenic crops like transgenic maize with the Cry1Ab
endotoxin should be exempt from regulation, which is indeed possible according to art. 7.4 of the
Cartagena Protocol. In COP-MOP59 2010 in Japan it should be possible, to amend the protocol with the
introduction of a dynamics which allows to start the regulatory process with an initial phase focusing on
the process of transgenesis, first following procedures proposed for non-target insects by (Raybould,
2010; Romeis et al., 2008), but in due time shifting later the focus on the product, making it possible to
abbreviate the regulatory process wherever possible and feasible.
10

In a letter to the executives of the Convention on Biological Diversity (CBD), the Public Research and Regulation Initiative (PRRI)
is asking for a scientific discussion in order to exempt a list of GM crops from the expensive regulatory process for approval, here
only the final statement:
“Bearing in mind that the method of transformation itself is neutral, i.e. that there are no risks related to process of
transformation, PRRI believes that there are several types of LMOs and traits for which - on the basis of the characteristics of the
host plant, the functioning of the inserted genes and experience with the resulting GMO - it can be concluded that they are as
safe as its conventional counterpart with respect to potential effects on the environment, taking also into account human
health. “ Citation from footnote 7.
And further down:
“The above mentioned experience with the GM crops that have been commercialized thusfar and grown on a large scale, over a
long period and by many farmers, suggests that these GM crop plants are unlikely to have adverse effects on the environment,
human or animal health. Given that substantive experience shows that these GM crop plants (mainly soybeans, maize, cotton,

9

Fifth meeting of the Conference of the Parties serving as the Meeting of the Parties to the Cartagena Protocol on Biosafety (COP-MOP 5), 11
– 15. 10. 2010 Nagoya, Japan http://bch.cbd.int/protocol/meetings/
10
PRRI letter : http://www.pubresreg.org/index.php?option=com_docman&task=doc_download&gid=490
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and oilseed rape, with introduced pest resistance or herbicide tolerance, or a combination of both traits), are unlikely to have
adverse effects, they could be eligible for exemption in accordance with article 7.4 of the CPB.” Citation from footnote 7.

This is also seen in a summary of the executive secretary of PRRI, Piet van der Meer: (Van der Meer,
2009), it is a further call for respecting science within the biotechnology legislation, but deploring that
regulators ignore the law is a double edged sword: A law is forcing regulators to obey tot the Genomic
Misconception and thus to the strict adherence to process oriented regulation – and it is exactly this
which should be questioned seriously.
A conceptual framework is proposed by IFPRI/ISNAR in 2002, the International Service for National
Agricultural Research (McLean et al., 2002), a careful evaluation of process-based versus product-based
triggers in regulatory action can also lead to a merger of both seemingly so contrasting concepts into a
legalized decision making process on which trigger should be chosen in a case by case strategy:
“Process-based triggers are the rule in almost all countries that have developed national biosafety regulatory systems; there are
exceptions, however, where the novelty of the trait determines the extent of regulatory oversight and not the process by which
the trait was introduced. While such a product-based approach to defining the object of regulation is truest to the scientific
principle that biotechnology is not inherently more risky than other technologies that have a long and accepted history of
application in agriculture and food production, it is less prescriptive than process-based regulatory systems.”

Many of the debates on those two concepts suffer from a lack of clear-cut definitions, it will be
important to have a close look at the Canadian regulatory system and the definition of PNTs (Plants with
Novel Traits). In Canada, the trigger for risk-assessment is the novelty of the plant rather than the
methods used to produce it. The difficulties start there, where a clear definition of PNTs is needed to
come to a decision: It means that plants produced using recombinant DNA techniques, chemical
mutagenesis, cell fusion, cis-genics or any other in-vitro technique leading to a novel trait, need to
undergo risk assessment in the Canadian system. No wonder the Canadian definition of novel traits is
rather wordy, but remains broad minded:
“A plant variety/genotype possessing characteristics that demonstrate neither familiarity nor substantial
equivalence to those present in a distinct, stable population of a cultivated seed in Canada and that have
been intentionally selected, created or introduced into a population of that species through a specific
genetic change.”
It helps considerably, that recently a call of Finnish scientists has been launched: 11 The petition
requests that the Members of Parliament base their decisions in the lawmaking process regarding
genetic modification on scientific facts instead of on hearsay and rumors. According to the assembled
professors, the current legal undertakings aim to censor scientific freedom. The petition had been
signed by 557 people, of whom 312 had a doctorate level degree and of whom 210 served at least in the
role of adjunct professor in the academic hierarchy.

11

Finnish petition on regulation 2011: http://www.ask-force.org/web/Regulation/Finnish-Delegation-Regulation-Ease-20110125.PDF
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4.7.

Obstacles to progress in solving the dissents: Overriding political interests, and
lack of scientific expertise in the United Nation Organisations such as the
Cartagene Protocol within the Convention of Biodiversity
There is a sad and long lasting tradition when it comes to the negotiation of important United Nations
Protocols such as the Cartagena Protocol, that politics overrule science in an unacceptable way. See the
extensive citation of (Cantley, 2008)
“In the United States, the effective dialogue between scientific and political communities headed off the threat of technologyspecific legislation; and even those who (unsuccessfully) advocated and prepared such legislation in the 1970s and 1980s,
typically incorporated in their Bills a “sunset clause”, which would automatically terminate the legislation after a set period, if
there was no further Congressional action taken to renew or amend it. Such a “provisional” or “learning” approach was a
rational and scientific response to uncertainties about a new phenomenon, such as a new technology. But for new chemical
substances, or pharmaceutical products, there is the practical certainty of a continuing stream of new entities requiring testing
and oversight; and the corresponding administrative structures are therefore conceived on permanent lines, give or take some
future adaptation. The imposition of this “permanent” character on novel technologies both stigmatized them, and built a
bureaucratic structure at Community and national levels with an inbuilt tendency to justify and defend its continued existence.
Within the European Parliament, the active members, coping with a flood of documentation, and a complex and exhausting lifestyle (between home, committee work in Brussels, and plenary sessions in Strasbourg), could in general devote little time to
understanding complex dossiers such as biotechnology.
While there could be real concerns about ethical aspects of the use and abuse of new technologies (e.g., in relation to human
genetics or animal welfare), and popular suspicions of “mad scientists” and mistrust of industry, in general the esoteric
character of genetic engineering meant that practically all MEPs would leave such a dossier to the rapporteur - or, if the
rapporteur was not of their political group, would designate a member of their group to follow the dossier. The basis for
formulating the parliamentary opinion on legislation relating to biotechnology was therefore typically a very narrow one; in an
area which shared (with nuclear energy) the most concentrated attention of the “Greens” fraction in the Parliament. Moreover,
even MEPs not of this fraction, were in many countries acutely conscious in the late 1980s that the major political parties were
losing ground to the Green movements; and to recapture these votes, were anxious to demonstrate their own “Green”
credentials. A severely restrictive approach to the highly publicized new gene technology appeared to be a painless and popular
way of doing so.
Against this coincidence of popular fears, political self-interest and bureaucratic opportunism, the voices of scientific protest
were few, feeble and disregarded. DG XII lost the arguments inside the Commission, and had at the critical moments no
interested allies. The protests to Parliament by Nobel prize-winners did not represent a politically significant constituency. The
OECD report on rDNA safety, indicating no scientific basis for legislation specific to recombinant DNA, was quoted for its prestige
and authority, in support of precisely such legislation. The advice of the safety specialists of the European Federation of
Biotechnology was aggressively rejected by the Director-General of DG XI. The House of Lords Committee’s report noted that in
drafting the legislation, the Commission had been “impervious to scientific advice”; in fact the efforts of DG XII to offer such
advice, as they were (by the Council Decisions on BAP and BRIDGE programmes) required to do, were vigorously repulsed and
successfully counter-attacked.” (Cantley, 2008).

Unfortunately, the dynamics of life DNA processes (and so many other facts in molecular sciences as
described in chapter 4) were not taken properly into account when the Cartagena protocol on biosafety
was conceived – no surprise when you realize how few knowledgeable molecular scientists have actively
participated in the legislative process. There was only a minimal overlap of 12 experts between the
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Cartagena Protocol Roster of Experts and the Number of members of the International Society of
Biosafety Research in 2004. 12
It also has to be stated, that proof is available that the roster of scientific experts remained practically
inactive, and it is only through the initiative of PRRI (Public Research and Regulation Initiative which has
led to a renewal and activation of this panel in very recent years. See the letter of PRRI to officials of the
CBD 13 , some citations:
“ The Public Research and Regulation Initiative (PRRI) believes that the mechanism of the Roster of Experts hasn’t worked to
date, because there is clearly no common view as to what constitutes an expert and because there is insufficient information on
the BCH about the area of expertise of the experts involved. We therefore welcome the decision by the MOP to develop draft
criteria, minimum requirements and to explore a quality control mechanism for experts to be included in the Roster of Experts of
the BCH.”

And:
“The types of expertise that may be needed to assist a country in meeting its obligations under the Protocol are very diverse and
include scientific expertise, legal expertise, and administrative expertise. Even within these areas there are many different
specialised fields, such as molecular biology, plant physiology, and population ecology. What is of crucial importance to the
functioning of the Roster is that the area of expertise is explained in sufficient detail.”

Sadly, the PRRI press release 2010 at the occasion of MOP5 at the Nagoya conference of the Cartagena
Protocol demonstrates that practically zero progress has been made in this important issue from 2006
to 2011. 14 No wonder, that the Genetic Misconception has never been debated seriously in these
circles. It also gives proof once more, that the organization of the United Nations Biodiversity
Convention is not really caring enough about correct science to be implemented in this so crucial
biosafety protocol. Citation from this 2010 PRRI letter:
“Tens of thousands biotechnology researchers in thousands of public research institutes in developing and developed countries
strive towards alleviating poverty, sustainable agricultural production, assuring food safety and quality and conservation of the
environment. However, these same public sector scientists express concern that these efforts will be futile if regulations such as
the Cartagena Protocol are not implemented in a balanced and science-based manner. They call on the negotiating Parties at
MOP5 to constantly assess how the implementation of the Protocol will affect crucially important public research, to ensure that
the Protocol will indeed contribute to sharing the benefits of this technology.”

There is also a blatant inertia visible and working related to the growing speed of scientific innovation: a
plethora of new genomic manipulations are manifested with hundreds of publications, but the biosafety
community still remains in the realms of Bt crops and herbicide tolerant crops. Correcting the legislaton
by following insights in the falsehood of the Genetic Misconception would also free the regulatory
community from adhering to all the new kinds of gene splicing, and could instead concentrate
pragmatically and scientifically fully justified on product oriented regulation.
4.8.
Conclusions
There can be no doubt that product-based regulatory approaches are truest to the scientific principle
and that biotechnology is not inherently more risky than other technologies, principles, which have a
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Roster of Experts Cartagena Protocol to ISBR: http://www.ask-force.org/web/PublicSector-Danforth-20050304/CP-Experts-Overlap-to-ISBR2004.pptx AND http://www.ask-force.org/web/PublicSector-Danforth-20050304/CP-Experts-Overlap-to-ISBR-2004.pdf
13
Letter of PRRI to CBD on expert panel activity: ftp://askforc@ask-force.org/www/ask-force.org/web/PRRI-Experts/PRRI-submisison-CPRoster-Experts-20061121.pdf
14
PRRI press release Nagoya 2010: http://www.pubresreg.org/index.php?option=com_docman&task=doc_download&gid=586
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long and accepted history of application in agriculture and food production, it is also less prescriptive
than process-based systems, see McLean et al. (McLean et al., 2002).
Another valid paper showing constructive conclusions out of the regulatory conflict has been published
by (Cantley, 2004). This text cries for action and a roadmap for solutions, and the author has searched
for proposals with a good mixture of pragmatism and uncompromised application of present day
scientific insight:
“The case for benign neglect of biotechnology has been largely lost in Europe at present, but the current Commission strategy
may slowly correct this. Europe has supported research, while burdening the technology with disproportionate legislation;
preaching the gospel of competitiveness, but forgetting that precautionary regulation should be dynamic and adaptive to
scientific evidence and experience. As resources (scientific, administrative and political) are always limited, devoting more to
small or non-existent risks subtracts them from more serious needs, thus actually increasing risks.” (Cantley, 2004)

A summary of the thoughts of Henry Miller and Greg Conko (Miller & Conko, 2004b) p.223ff on six
strategies for reforming regulatory abuses fits best into what needs to be done:
1.
2.
3.
4.
5.
6.

Scientists must actively protest unscientific policies and Regulation
Scientific institutions must stimulate public discourse
The media must discount bogus science
The biotech industry must advocate scientific regulatory policies
All stakeholders should promote science-based public policy
Rethink the government’s monopoly over regulation

In a recent publication, (Miller, 2010) came to similar conclusions, supported also by a graph on the risks
from field trials, put into a realistic framework:

Fig. 15 Distribution of Risk in Field Trials from (Miller, 2010). See also (Miller, 1997) p. 34, fig. 1.

As long as the principles of regulations are respected, the rules of internationally agreed risk assessment
should be handled flexibly, according to the growing amount of positive experience (Miller, 2010)



The degree of regulatory scrutiny should be commensurate with the perceived level of risk.
Similar things should be regulated in a similar way.
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If the scope of regulation – i.e. the regulatory net or the trigger that captures field trials or the
finished product for review – is unscientific, then the entire approach is unscientific.

This paper of (Miller, 2010) has been published in a volume of a study week held at the Vatican in May
2009 on invitation of the Pontifical Academy of Sciences which is now also published on the website of
the Vatican as an open source conference volume: (Potrykus & Ammann, 2010).
In the same volume, Werner Arber came also for the risk assessment of long term risks to the same
conclusion (Arber, 2010a):
“Available scientific knowledge and potent investigation methodology represent an efficient and effective basis for a priori
responsibly carried out technology assessments before GMorganisms, either as produced by genetic engineering or as selected
by classical breeding, become released into the environment. Any decision taken on such releases should be based on the
specific biological functions involved, not on the ways by which the selected organisms were produced” (Arber, 2010a).

It is time to move on and call for a serious amendment of national and international legislation in
biosafety assessment of GM crops, as stated with uncompromising demands by (Potrykus, 2010):
“The politicization of the regulatory process is an extremely significant impediment to use of biotechnology by public institutions
for public goods. Costs, time and complexity of product introduction are severely and negatively affected (without such political
impediment the technology is very appropriate for adoption by developing country scientists and farmers: it does not require
intensive capitalization). The regulatory process in place is bureaucratic and unwarranted by the science: despite rigorous
investigation over more than a decade of the commercial use of genetically engineered (GE) plants, no substantiated
environmental or health risks have been noted. Opposition to biotechnology in agriculture is usually ideological. The huge
potential of plant biotechnology to produce more and more nutritive food for the poor will be lost, if GE-regulation is not
changed from being driven by ‘extreme precaution’ principles to being driven by ‘science-based’ principles. Changing societal
attitudes, including the regulatory processes involved, is extremely important if we are to save biotechnology, in its broadest
applications, for the poor, so that public institutions in developing as well as industrialized countries, can harness its power for
good.” (Potrykus, 2010)

And a final word by Henry Miller on the squandered opportunity of the Golden Rice (Miller, 2009) and a
last chance to fulfill its great promise:
“In spite of its vast potential to benefit humanity—and negligible likelihood of harm to human health or the environment—
Golden Rice remains hung up in regulatory red tape with no end in sight. In a July commentary in Nature, Potrykus pointed out
that Golden Rice has been “stalled at the development stages for more than ten years by the working conditions and
requirements demanded by regulations.”
By contrast, plants constructed with less precise techniques such as hybridization or mutagenesis generally are subject to no
government scrutiny or requirements (or opposition from activists) at all. And that applies even to the numerous new plant
varieties that during the past half century have resulted from “wide crosses,” hybridizations that move genes from one species
or genus to another—across what used to be thought of as natural breeding boundaries. Pulling no punches, Potrykus holds
gratuitous regulation “responsible for the death and blindness of thousands of children and young mothers.” At the very least,
the politicians, activists, and regulators who have insisted on, implemented, and maintained those regulations are guilty of what
the legal system calls “reckless disregard for life.” In an editorial in the journal Science, Nina Fedoroff, an eminent plant
geneticist and professor at Pennsylvania State University who recently completed a three-year stint as senior scientific adviser to
U.S. Secretary of State, wrote: “A new Green Revolution demands a global commitment to creating a modern agricultural
infrastructure everywhere, adequate investment in training and modern laboratory facilities, and progress toward simplified
regulatory approaches that are responsive to accumulating evidence of safety. Do we have the will and the wisdom to make it
happen?”
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“The Golden Rice story makes it clear that the answer is, not yet.” (Miller, 2009)
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