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Abstract

Qualitative detection methods for genetically modi®ed (GM) DNA sequences in foods have evolved fast during the past years.

The sensitivity of these systems is extremely high, even for processed foodstu�s. However, in future, quantitative results about the

fraction of GM material in a composite food will be needed and the fast increasing number of GM foods on the market demands the

development of more advanced multi-detection systems. Other challenges and problems might arise from the decreasing relevance of

methods which screen for sequences commonly found in GMOs, the inability to detect GM foods for which the modi®ed sequence is

unknown, the lengthy standardisation procedures and the need to up-date continuously databases comprising commercially

available GM foods and the respective detection strategies. Ó 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

The development of detection methods for foodstu�s
produced by means of genetic engineering was started
about 4 years ago. At that time, the need to label GM
foods was still controversially discussed as was the need
for detection methods. Concerns were expressed as to
whether it would be possible to prove the GM origin of
a food product and the food chemists faced severe
problems in trying to extract DNA suitable for a sub-
sequent polymerase chain reaction (PCR).

Meanwhile, so-called, qualitative DNA detection
methods, which give a yes/no answer, are available for a
wide range of foods and some of them have already been
evaluated in interlaboratory studies. Besides various and
intensive national activities, a research project on the
European level has been set up, ®nancially supported by
the European Commission with 1.2 MECU. Twenty-
four laboratories from 12 European countries are co-
operating through this project named ``development of
methods to identify foods produced by means of genetic
engineering'' (SMT4-CT96-2072), which is structured
into 4 main activities:
1. PCR-based methods are developed and evaluated in

interlaboratory studies.

2. Automated systems are developed in order to in-
crease e�ciency for routine control applications.

3. Alternative approaches are tested, like RNA- or pro-
tein-based methods or approaches using ampli®ed
fragment length polymorphism.

4. A database is built-up for GM foods put on the mar-
ket and the respective detection strategies.
Although through these activities impressive progress

has been made, the current systems have to keep track
with the developments in the production of GMOs and
GM foods and they have to be adjusted to the latest
labelling regulations in order to enable e�cient en-
forcement. In this respect, the following areas can be
identi®ed as potential challenges for detection systems.

2. Quantitative analysis

Regulation (EC) No 1139/98 of the Council of 26
May 1998 Ôconcerning the compulsory indication on the
labelling of certain foodstu�s produced from GMO of
particulars other than those provided for in Directive
79/112/EECÕ refers, in the 14th and 15th ÔwhereasÕ
paragraphs, to the possibility of setting thresholds to
avoid labelling of a foodstu� which is either contami-
nated by GM material or contains only a minor fraction
of GM material.

Since qualitative detection methods are extremely
sensitive, being able to detect traces of DNA in even
highly processed foodstu�s, thresholds might be a
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possibility to make labelling and its control more prac-
tical. Consequently, the detection systems must enable
quantitative answers. Few quantitative assays are already
available. However, their reliability for quantifying GM
portions in processed foods remains to be determined and
they have to be evaluated in interlaboratory trials.

3. Screening methods

Methods for the detection of common DNA ele-
ments, such as markers or widely used promoters and
terminators, are used today to screen for several di�er-
ent GM foods by more or less the same assay. A positive
result has to be con®rmed by a speci®c assay deter-
mining the unique modi®cation. The e�ciency of this
strategy is determined in the ®rst instance by the false
positive rates of the screening assay used. If, in future,
many GM varieties of a foodstu� are available on the
market a false positive result will cause quite intensive,
but useless, further testing. Therefore, false positive
rates have to be determined on a product-speci®c basis,
which would then allow one to judge whether it is rea-
sonable to use screening systems in particular cases.

It might also be that the screening for common se-
quences becomes less attractive in future, since markers
will be deleted and common promoters and terminators
will be replaced more and more by sequences which al-
low speci®c expression of proteins.

4. Increasing number of GM foods on the market

The strongest challenge for routinely applied detection
systems will be the fast increasing number of GM foods
put on the market. It will be impractical to examine one
sample for several possible modi®cations if for each
modi®cation one separate PCR has to be performed. The
future systems must be multi-detection systems which
enable a search for a high number of possible modi®ca-
tions in a single step. The systems must be capable of
adjusting rapidly to new GM foods. For the adjustment
of the systems it would be helpful to know about the
amounts of GM foods put on the market.

5. Non-approved GM foods

The current detection systems need speci®c informa-
tion from the producer about the modi®ed DNA

sequences. Thus, non-approved foods will most proba-
bly not be detectable. This is a major drawback for
control since, apart from the problem of not being la-
belled, non-approved foods might not be safe for the
health of consumers. Thus, new ideas are needed on how
to identify GM food without information about modi-
®ed sequences.

6. Standardisation

The current developments of detection methods are
extremely progressive, whereas the establishment of a
method as a European Standard (EN) by the European
Committee for Standardisation (CEN) is lengthy. By
the end of the standardisation process a method might
be irrelevant, as more e�cient alternatives are already
in use. The preparation of European Pre-Standards
(ENV) which can be obtained by a faster procedure
than ENs is probably the right answer for the strong
request to standardise detection methods for GM
foods.

7. Database

Within the above-mentioned European research
project a database compiling the GM foods put on the
market and the information necessary to identify these
foods is being created in order to draw up a complete
picture which is easily and quickly accessible by the
analysts. The project will end in October 1999. There-
fore, the conditions for running the database after this
date have to be set.

8. Conclusion

The detection systems for GM foods have evolved
extremely fast and, still, progress is breath-taking in
this highly competitive area due to the strong interests
of consumers, industry and control authorities. Cer-
tainly, there will be some challenges for detection sys-
tems. The largest will be the fast increasing number of
GM foods put on the market. However, one can expect
that the ambitious R&D community will ®nd appro-
priate answers to enable the enforcement of labelling
regulations.
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