
Invited commentary

Degradation of transgenic DNA from genetically modified soyabean and
maize in human intestinal simulations

Until May 1997, approval to market transgenic plants for
food purposes was not regulated by international legis-
lation in Europe. Before that date, applicants wishing to
market transgenic plants sought approval under a voluntary
scheme. In the UK, an opinion on the safety of such plants
for food use was obtained from the Advisory Committee
on Novel Foods and Processes. From May 1997, however,
in countries belonging to the European Community per-
mission to market transgenic material for food use was
subject to the Novel Foods Regulation EC/258/97 (Com-
mission of the European Communities, 1997a). This regu-
lation lays down a structured approach to the safety
assessment of foods or food ingredients that have not
hitherto been used for human consumption to a significant
degree within the European Union. These fall into six
broad categories, and include food or food ingredients
that are generated using in vitro recombinant DNA tech-
nology as the first category. This part of the regulation
specifies consideration of: ‘foods and food ingredients
containing or consisting of genetically modified organisms
within the meaning of Directive 90/220/EEC’ (Commission
of the European Communities, 1990). The prominence
given to foods or food ingredients containing genetically
modified ingredients seems interesting with hindsight.
Given the public pressure against the introduction of
recombinant DNA technology into food production and
the self-imposed industry moratorium on the commercial
planting of genetically modified plants in the UK until
farm-scale trials have been evaluated thoroughly, there is
little prospect of large-scale production of transgenic
crops in this country. Of course, this does not preclude
the use of imported transgenic crops from outwith the
European Community in our food.

At present, no legislation at European level considers
specifically the use of transgenic plant material as animal
feed, although Directive 90/220/EEC on deliberate release
into the environment of genetically modified organisms
requires the safety assessment of transgenic plants to
include animal feeding studies if the novel plant material
is to be used for that purpose (Commission of the European
Communities, 1990). It is envisaged that, with the forth-
coming establishment of the European Food Agency, feed-
ing transgenic plant material to animals will have specific
legislative regulation.

To assist applicants who may wish to market transgenic
plants for food use, the European Commission has pub-
lished a guidance document on how applications for
approval should be structured, including numerous
‘decision trees’ (Commission of the European Commu-
nities, 1997b). These demonstrate the requirements for
safety assessments of a variety of novel foods and include
an explicit requirement to consider the potential for trans-
fer of genetic material from genetically modified
organisms.

The explicit requirement to consider the potential for
gene flow has been the focus for many of the concerns
that have been articulated following the introduction of
the Novel Foods Regulation. This has led to intense
debate, which has polarised opinion on the use of recombi-
nant DNA technology. Much of what has been written, for
and against the use of transgenic plants in food, has been,
and is: ‘full of sound and fury, signifying nothing’. Some
applicants for approval to market transgenic plants have
made extrapolations regarding the potential for gene
flow; some opponents have cited scientific evidence out
of context to support a contrary view. Thus, this has
become an area of science and technology of intense
public interest; it is also an area with surprisingly little
peer-reviewed publications.

The application, made under the voluntary scheme, to
obtain marketing consent to a maize line that resisted
attack by the European corn borer (Ostrinia nubialis )
was originally rejected by the UK Advisory Committee
on Novel Foods and Processes, but this decision was over-
turned at European Community level (Commission of the
European Communities, 1997c). The objection was that,
in addition to a gene encoding the crystal toxin gene
from a strain of Bacillus thuringiensis, these plants carry
a copy of a gene encoding resistance to b-lactam anti-
biotics, including ampicillin. This and similar concerns
prompted the Ministry of Agriculture, Fisheries and Food
to initiate research to study the potential for gene flow
from transgenic plants. At its inception, the Food Standards
Agency took over management of this programme. The
paper by Martı́n-Orúe et al. (2002) in this present issue
of the British Journal of Nutrition is part of the outcome
of that programme.

The issues surrounding the use of transgenic plants in
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food continue to hold the interest of both scientists and the
public at large. The problem of potential gene flow was one
of the main items discussed at the open hearing on criti-
cisms of the risk assessment for T25 genetically modified
maize held by the UK Advisory Committee on Releases
to the Environment on 20 February 2002 (Advisory
Committee on Release to the Environment, 2002). The
Secretariat of the Advisory Committee on Release to the
Environment has yet to publish the outcome of that hear-
ing. Also in February 2002, the Royal Society reported
on the use of genetically modified plants for food use
and human health (Royal Society, 2002). The penultimate
section of this report reviews current scientific opinion on
the fate of transgenic DNA in the digestive system. In their
previous report, the Royal Society concluded that most
ingested DNA is broken down in the intestinal tract
(Royal Society, 1998). The report reiterates that view but
acknowledges that subsequent research demonstrates the
transfer of biologically active transgenic DNA from
plants to other cells, both eukaryotic and prokaryotic, in
the gastrointestinal tract. Duggan et al. (2000) studied the
potential for the b-lactamase gene to transfer from trans-
genic maize to the commensal microbial flora of animals
using such maize as feed material. It was concluded that,
using an in vitro model, biological activity of DNA
sequences survived for only a very short period when the
target molecules are exposed to sheep rumen contents.
Einspanier et al. (2001) looked for the presence of plant
DNA sequences in leucocytes of cattle and chickens fed
on transgenic maize that had been genetically modified to
resist insect attack. Short chloroplast sequences were dis-
covered in the peripheral lymphocytes of cattle and in
muscle, liver, spleen and kidney tissue taken from chickens
fed on the maize. No DNA derived from the inserted
cassette in the maize was found in any sample. The
absence of transgenic DNA in animal cells even if those
cells can be shown to carry plant-derived sequences is
not surprising given that both conventional and transgenic
plant material will contain chloroplast DNA and that the
organelle genome is present in multiple copies in cells.
In any food or feed, conventional plant-derived sequences
will be present in vast excess compared with the DNA
inserted into transgenic plant cells. It is noteworthy that
plant DNA was found only in lymphocytes in samples
taken from cattle. These cells form part of our first-line
host defences and it is not surprising that they may be
found to contain ‘foreign’ material.

The paper by Martı́n-Orúe et al. (2002) in this present
issue of the British Journal of Nutrition contributes posi-
tively to work in this field. The authors have studied the
fate of transgenic DNA in gastric and small intestine
models. The oral cavity does not possess enzymes or
environmental conditions conducive to the breakdown of
ingested DNA although there is a rich and complex micro-
flora within the oral cavity (Henderson & Wilson, 1998).
Other workers have examined the fate of ingested DNA
in the oral cavity (Mercer et al. 1999, 2001). Martı́n-
Orúe and colleagues have concentrated their efforts upon
those areas of the digestive tract where, either because of
the environmental pH or because of the presence of diges-
tive enzymes, breakdown of DNA is most likely to occur.

The results presented from in vitro tests demonstrate that
transgenic DNA has the potential to survive passage
through the gut. This is a significant finding because it
demonstrates that not all DNA present in food is digested.
There remains, therefore, the potential for gene flow.
Gebhard & Smalla (1998) have demonstrated that, under
idealised conditions, bacteria can take up and integrate
DNA fragments derived from transgenic sugar beet. This
required: bacteria that were genetically competent to be
transformed; a functional host recombination system; the
presence in the recipient bacterial cell of a deleted copy
of the target transgene and DNA fragments of sufficient
size to undergo recombination once they had been taken
up into the bacteria. Nevertheless, gene flow has been
shown to occur, albeit under idealised and artificial circum-
stances. The absence of evidence for gene flow in more
realistic simulations must not be taken for evidence that
gene flow cannot occur. The paper presented by Martı́n-
Orúe and colleagues, with its tantalising potential for
gene flow, reinforces the need to move from models of
the natural situation to in vivo studies.
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