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Introduction

Philippe Busquin
EU Research Comm’ssioner

Recent decades have seen massive growth in our knowl-
edge in Life Sciences. This presents many new opportu-
nities for applications, some of them raising issues for
public policy and/or public interest and concern.
European Community policy since the start of its
Framework Programmes for Research and Technological
Development has been to accompany Life Sciences
research with research on safety aspects of the new
technology generated.

Of particular importance in this context is the use of
Genetically Modified Organisms outside contained facili-
ties. Consequently, GMO safety research has been sup-
ported in successive Framework Programmes from 1985
to the present day. The pattern of development of this
support is illustrated in Table 1, which shows that over this
15-year period 81 projects have been supported. These
projects have involved over 400 teams from many differ-
ent disciplines and represent a combined Community
financial contribution of about €70 million. Summaries of
all these projects are contained in this review.

In today's debate on the use of GM technology in agri-
culture, food and the environment, it is sometimes sug-
gested that we lack knowledge on possible impacts and
how to handle them. The primary objective of this review
is to demonstrate how the EC has tackled this need; to
show that it has made a sustained effort, building up a
sizeable community of researchers and contributing to
the world's fast-accumulating knowledge and experience
in the field. The second objective is to communicate
these results, including an inventory of the research
groups that generated them. In this field it is particularly
important that scientists in different countries know who
else is working on their topic, so that they can collabo-
rate to gain efficiency and added value.

Research results can resolve uncertainties and provide
a sound basis for risk management and science-based
regulation (where necessary), through pre-normative
research, and lead to the establishment of best practice
in a constantly evolving way, as illustrated in Figure 1. The
overall result of this tripartite system has, of course, to

Table 1: History of EC-Supported GMO Safety Projects

Number of Projects :

Fifth Framework Programme (3998-2000 only)

» Cell Factory Key Action 5

® Food, Nutrition and Health Key Action 5
Fourth Framework Programme (1994-1998)

« Biotechnology () 18

o Agriculture and Fisheries (FAIR) 2

» Standards, Measurement and Testing 1

* International Cooperation 5
Third Framework Programme (1990-1994)

* Biotechnology (1) 9

 Agriculture and Agro-Industry (AIR) 2
Second Framework Programme (1987-1991)

 Biotechnology (BRIDGE) 14

¢ Food-linked Agro-Industrial Research (FLAIR) 1
First Framework Programme (1984-1987)

* Biotechnology Action Programme (BAP) 19
TOTAL Number of Projects 81




Figure 1: Relationship between GMO safety research, regulation and practice: synergy and feedback
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Foreword

john Beringer,
School of Biological Sciences,
University of Bristol (UK)

“GMOs are unsafe and must never be released into the
environment.” “We don’t know enough about GMOs to
risk releasing them — what is being done about this?”
“Why doesn’t someone do something to understand
what the risks of GMOs are?” We have all heard these
and related comments about GMOs, which have been
used by people opposed to the commercialisation of
GMOs to demand that “the precautionary principle” be
used to halt their use in agriculture. They have encour-
aged and exploited public unease very effectively
because most people are unaware that biosafety
research is being done and, with the exception of GM
vaccines and other medical uses, there has been very
little direct public benefit to counteract perceived risks.

The success of the anti-GM lobby is clearly demonstrat-
ed by the fact that in much of Western Europe govern-
ments have appeared very ambivalent. They have
invested in biotechnology and promoted its advan-
tages, while at the same time they have tacitly accept-
ed delays in the regulatory system for marketing GMOs
to ensure that their commercialisation for agriculture
has been impeded. The fact that this behaviour has
been primarily directed towards satisfying perceived
concerns of potential voters, as opposed to providing
leadership, is an issue that needs to be debated else-
where. European governments have most certainly not
been helped to appear dispassionate because state-
owned plant breeding institutions have been sold to
the private sector, thereby strengthening the hold of
multinational agrochemical companies over food pro-
duction. One does not need to be a rabid eco-terrorist
to have doubts about the wisdom of so much control of
the food chain falling into the hands of multinationals
whose financial strength is greater than that of many of
the world’s developing countries. To make matters
worse, a major public health scare (bovine spongiform
encephalopathy (BSE)) has been added to this mixture
of distrust, confused leadership, and lack of knowledge.
Such was the position in Europe as it approached the

end of the 2oth century. It is against this background
that we need to consider the relevance of the research
results published in this volume.

Throughout history ignorance has been a major driver
for apparently irrational and backward looking behav-
iour, for the simple reason that most humans feel
uncomfortable when confronted with things and issues
they do not understand. It is so much simpler to con-
demn something than to attempt to understand it. We
have a ‘fine tradition’ in Europe of burning those peo-
ple we do not understand, whether they be witches or
heretics, for it is much easier to do this than to try and
understand them. It is important to recognise that not
far below the surface of us all are emotions that have
evolved over many millennia, which are ill adapted to
managing the enormous technological changes of the
20th century. We have not had time to evolve brains
that can easily handle the quantity or complexity of so
many issues facing society today. Furthermore, our
educational systems are struggling to come to terms
with the need to link scientific and sociological educa-
tion to provide future citizens with the ability to make
knowledge-based risk assessments. Traditionally,
strong leadership has provided people with assurance
that changes are safe and desirable, but it is becoming
increasingly obvious that as general levels of education
improve the public becomes less willing to accept
authority. | applaud the change, but it carries within it
the problems we face in deciding how to communicate
the risk/benefit analysis of the use of new technolo-
gies. Leaving industry to come forward only with new
technologies that are perceived to be advantageous
despite apparent risks, such as mobile telephones, is
not the solution. It would preclude the introduction of
technologies that are less harmful than present ones,
but are not deemed to be of value to individuals.

Is it all doom and gloom? It most certainly is not, as
this compilation of results from 81 EC-supported
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projects on GM safety research demonstrates. One of
the ‘best kept secrets’ during the last few years of acri-
monious discussion about GMOs has been the enor-
mous body of research being conducted in Europe and
elsewhere that is directly relevant to risk assessments.
For those of us who have been involved in running GM
safety committees in Member States there has been a
steady stream of research results that have enabled
our committees to improve their ability to make risk
assessments and recommend safe conditions for the
release of GMOs. Even a casual glance at the contents
of this publication will confirm that over the last
decade the EC has been very effective in identifying
important issues and funding appropriate laboratories
in which relevant and useful results can be obtained to
enrich our understanding of the issues confronting us.
A very valuable example has been the research proj-
ects on pollen flow and fertilisation in plants, which
have greatly enhanced knowledge of the probabilities
of cross-pollination of adjacent crops and wild relatives
of crop plants. There should not be a GM regulatory
system in an EU Member State that has not modified
its activities to take into consideration the implications
of research derived from EC programmes.

A decade of research has been done and millions of
euros have been spent, but the anti-GM lobby’s agenda
has hardly changed at all. They profess still to be con-
cerned that we have insufficient knowledge and that no
GMO should be released until we can predict with cer-
tainty what it, and the cloned genes within it, will do in
the environment. Does this demonstrate a failure of the
EC programmes? Were the programmes poorly target-
ed? Was the work unsatisfactory, or is far more work
needed? The programmes most certainly have not
failed scientifically. In retrospect, one could argue that
sociological issues should have been included. For
example, how many of us believe that “if only the pub-
lic knew the issues they would surely understand why
we believe that properly tested GM crops and food are
safe”. | certainly did. Unfortunately, this belief is
almost totally wrong - if indeed a belief can be wrong.
The reason why it is wrong is that we confuse knowl-
edge with understanding. Full knowledge of the genetic
and biochemical changes arising from a gene-cloning
event is useful and certainly helps risk assessments for
food safety. However, our understanding at the molecu-
lar level (and indeed biological) of the factors that will

2\

change the ecology of an organism are very poor
indeed. If one assumes that existing crops and foods
derived from them are safe, as most people do, GM
crops and foods will, for a long time to come, have an
aura of uncertainty associated with them. The fact that
we do not understand why the enormous changes to
genomes that occur during traditional plant breeding
do not lead to health or environmental problems with
new crops, is neither known by the general public nor
taken into consideration by opponents of GMO release.
Indeed, if we responded to demands to avoid unpre-
dictable risks to the environment we would have to
stop traditional plant breeding and the introduction of
different varieties and species of crop plants.

With respect to my comments above about sociological
issues, it is here that | would criticise our funding of
research over the last decade, but do so with the bene-
fit of hindsight! The programmes have been about
biosafety and have concentrated rightly on obtaining
scientific understanding, which has benefited risk
assessment and furthered our knowledge of basic sci-
ence. However, in technological societies an assess-
ment of risk needs to include public responses and
should take into consideration possible long-term
issues that may arise as a result of the commercialisa-
tion of new technologies. For GMOs we have concen-
trated almost solely on risks to human safety and harm
to the environment arising from the GMO itself.
However, the much-derided problem of secondary
impacts that may result from the displacement of exist-
ing, and particularly traditional, practices has been
largely ignored. There have been few voices louder than
my own in criticising the demands for a “Fourth Hurdle”
for GMOs, but where was the research to support or
overturn criticism of it? It is surely time that we paid
more attention to the impact of technology on societies,
because if we do not the rate of progress of technology
will greatly outstrip our ability to handle its impacts. We
benefit from change, but is every safe development to
be accepted regardless of how it might change our per-
ception of ourselves and the world around us? @

(1) Editors’ note: Over the past decade EC research programmes
have supported many studies, workshops and other actions
addressing broader socio-economic aspects and implications of
biotechnology. Currently, the Fifth Framework Programme's 'Key
Action' approach explicitly seeks to link research projects to broad-
er socio-economic missions of European relevance. For details see
the "Biosociety" website at: http://biosociety.dms.it/




The problem of how to proceed with the development
and commercialisation of GMOs confronts us with very
difficult policy decisions. Should we conduct research
to facilitate marketing, or to develop understanding? If
the first is our priority, the projects to fund would be
those that identify risks and uncertainties associated
with conventional plant breeding and different agricul-
tural practices. The public might find it easier to under-
stand relative risks if there was a greater understand-
ing of the enormous unpredictability of conventional
plant breeding, but would they benefit from the
increased uncertainty about food safety? The EC
research programmes have taken the correct course of
funding high-quality basic science and we should not
be deflected from our objective to develop increased
understanding. Our role as scientists is to obtain and
interpret information so that governments and their
advisors are in the best possible position to identify
the best route forward. It is important to remember
that EU countries are part of a larger world in which the
major trading partner is the USA — a country in which
concerns about the safety of GM crops are so much
less that various categories have been deregulated.
World trade rules require governments wishing to con-
trol the movement of products to provide appropriate
scientifically-based reasons for interfering in free trade.
Whether one agrees with outspoken opposition to
GMOs within Europe or not, we can hardly expect farm-
ers elsewhere in the world to segregate crops that are
not subject to regulatory control in their own country
without providing very compelling reasons for so doing.

The EC programmes have provided a very good basis
for moving ahead in the 21st century with an increased
awareness of possible problems and knowledge of rel-
evant science. | have concentrated my comments on
GMOs because concerns about their safety have pro-
vided the impetus for funding the research. We should
realise that environmental harm is not something that
will happen only if we use GMOs, but is something that
is happening all around us as a consequence of human
activities that predate GMOs. Our exploitation of natu-
ral resources and the increasing intensification of agri-
culture cause great harm to the environment and biodi-
versity. If we are to halt and redress this harm should
we not concentrate research on how to satisfy the
needs of humans, while at the same time respecting
and protecting wildlife and the environment? Almost all
such research would be directly applicable to the need
to assess the safety of GMOs. It would also have the
enormous benefit of leading to regulatory systems in
which all activities would be subject to appropriate risk
assessment. Such funding would be entirely relevant to
the needs of regulatory bodies and those making GM
products. It would also tackle the real causes of envi-
ronmental harm and should, in time, lead to a compila-
tion of research results that are at least as useful as
those published here.

From 1992 to 1999 Sir John Beringer was Chair of the
UK Advisory Committee on Releases to the
Environment (ACRE).
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EC research puts impact of GM plants to the test

Mark Tepfer,
Laboratoire de Biologie Cellulaire,
INRA-Versailles (I R)

The EC began funding biosafety studies of genetically
modified plants (GMPs) in 1989, shortly after the first
field tests in Europe. EC support has continued since
then with different degrees of intensity and continuity,
suggesting that the considerable ongoing progress in
GMP biosafety research was based on a relay between
national and EC funding.

The 18 projects described in this chapter deal with
biosafety questions relevant to GMPs from a plant biol-
ogy point of view. In other chapters, in particular those
focusing on food safety, plant growth-promoting micro-
organisms, biocontrol micro-organisms, or "tools",
many or most, in fact, of the projects are plant oriented.
The projects in this chapter are thus only part of a
remarkable, much wider-ranging EC effort to assess the
potential impact of the field release of genetically modi-
fied organisms that are important to crop plants.

If we look at the research areas covered in this 11-year
period, some clear trends emerge. During the first half
of the period, research was focused on a single rather
narrow area devoted to determining if GMPs themselves
were invasive, and if gene flow could be expected to
occur from GMPs, either to related plant species, or to
associated microbes. Although plant gene flow studies
were not then supported by the EC, considerable
progress was made, presumably with national sources
of funding. Currently, in spite of considerable effort,
there is still no actual evidence for gene flow between
kingdoms, either plant-to-bacterium (BIOT-CT91-0282,
p.19) or plant-to-fungus (BIOT-CT91-0287, p.20). In con-
trast, plant-to-plant gene flow in outcrossing wind-polli-
nated crops has been clearly demonstrated, including
crosses with related species in the case of genetically
modified oilseed rape. During the current programme,
gene flow studies are supported again, but in addition
to determining if gene flow can occur from plant species
other than those previously studied, such as wheat or
foxtail millet (IC18-CT98-0391, p.22), there is a new
focus on the potential ecological impact of transmission

of particular types of transgenes (conferring resistance
to nematodes, ICA4-2000-30019, p.24, to a herbicide,
1C18-CT98-0391, p.22, or to a virus, QLK3-2000-00361,
p-35) from a crop species where gene flow is known to
be possible, as is the case for oilseed rape, sugar beet
or wheat in Europe.

During recent programmes, studies have focused on cer-
tain types of transgenes, in particular those conferring
resistance to insects or to viruses, with a clear tendency
to study systems of increasingly complex biology. For
instance, in the insect resistance project
(B104-CT96-0365, p.29), research was focused on poten-
tial effects of beneficial non-target insects that feed
directly on plants, such as bees. it was extremely impor-
tant to show that these insects, in fact, were not affected
by the GMPs on which they were fed. In contrast, the
more recent project (QLK3-2000-00547, p.32) proposes
to study effects on tritrophic interactions, involving a
plant, a herbivore, and a predator or parasitoid of the
herbivore, in order to determine if there are negative
effects on predators and parasitoids. Although no direct
effect on the latter insect types is expected, the insect-
resistant GMPs are expected to reduce the population
size of their prey (the desired effect on herbivores). This
in turn may well have an indirect effect on the third troph-
ic level, and thus more generally on the structure of
insect biota. A similar progression is observed in the proj-
ects on virus-resistant plants. The projects
(BIO4-CT96-0773, p.37 and BI04-CT98-0374, p.42)
focused primarily on identifying potential sources of risk,
whereas the more recent project (QLK3-2000-00361, p.35)
proposes to assume that the risk exists, and to focus on
its potential impact, in comparison with the situation in
non-transgenic plants. There is, in fact, a pronounced
general tendency to compare the effects of GMPs to
those of systems based on non-GMPs.

Once a potential risk has been identified, research can
be devoted to diminishing or eliminating its impact,
which is a key part of risk management. This can be
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exemplified by one of the projects on virus-resistant
GMPs (BlO4-CT96-0773, p.37). This project focused pri-
marily on the phenomenon of heterologous encapsida-
tion in transgenic plants expressing a viral coat protein
gene, which could have an impact on the epidemiology
of viral diseases via changes in the interactions with
virus vectors, such as insects, nematodes or fungi. The
researchers showed that it was possible to modify the
transgene to eliminate the interaction with the vector,
while maintaining its ability to confer virus resistance,
in essence eliminating a source of potential risk. In a
similar problem-solving mode, a newly-launched project
(QLK3-2000-00060, p.48) proposes to develop a system
for the selection of transformed cells that would not be
based on antibiotic resistance. Although no risks have
been scientifically associated with the antibiotic resist-
ance genes commonly used to generate transgenic
plants, the new system would avoid this highly polemi-
cal problem, and could thus contribute to improving
public acceptance of GMPs.

As we have seen above, GMP biosafety research is often
closely tied to solving problems due to potential risks
associated with specific transgenes. Even these studies
however have provided considerable information of fun-
damental interest. For instance, as mentioned above,
GMP biosafety research has led to considerable
advance in our understanding of gene flow and pollen
dispersal. Previously, this area drew its conclusions pri-
marily from plant breeders' relatively modest require-
ments for seed purity, and information on the exact
extent of potential gene flow was lacking. It is also reas-
suring to note that fundamental research that in the
long term will only have an impact on GMP biosafety has
also been supported, with funding of particularly large
consortia devoted to research on transgene silencing
(B104-CT96-0253, p.46) or on homologous recombina-
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tion (BI04-CT97-2028, p.44) in plants. Although these
projects were not funded as biosafety research per se, it
is most appropriate that they be presented here, since
solid risk assessment must clearly be based on thor-
ough understanding of the fundamental mechanisms
underlying gene transfer and transgene function.

What can we see as new emerging research needs? It is
encouraging to note that two currently funded projects
(ICA4-2000-30019, p.24 and IC18-CT98-0391, p.22)
include studies involving developing countries. However,
it is clear that such biosafety research efforts will have to
be expanded in order to meet these countries' specific
needs. The vast majority of GMPs belong to just a few
crop species, and in most cases the new traits are encod-
ed by a single gene whose product has little or no effect
on the plant's biochemistry. As more complex traits that
profoundly modify plant biochemistry are introduced into
crops, such as ones that modify the characteristics of
important plant products (oils, carbohydrates, etc.), or
those that confer resistance to abiotic stresses (salinity,
cold, drought, etc.), much more complex ecological ques-
tions will be raised which will of course require further,
and more sophisticated biosafety evaluation. We are also
currrently lacking essential information on the farm-scale
performance of GMPs. For instance, many of the first
GMPs could, in principle, lead to reduction in pesticide
use, or to use of less toxic ones, or increase yield, or
reduce costs. But will they in fact keep their promise?
Only carefully conceived and executed farm-scale
research will give us the answers. Beyond this, at some
stage, the results of risk assessment of GMPs must be
integrated into a broader perspective that will make it
possible to weigh the advantages and disadvantages of
various solutions for improving agriculture, with or with-
out the various types of GMPs under consideration.




Analysis of gene transfer
between micro-organisms
and plants

Background and objectives(t

The intentional release of genetically modified organisms (GMOs) into
the environment has led to increased interest in possible interactions
that may occur between resident organisms. Of particular interest is
the potential of introduced genetic material to transfer, stably integrate
into and be expressed in resident species. This raises issues of the
potential ramifications on the environment and human health. Classical
microbial genetic studies carried out under laboratory conditions have
identified a number of mechanisms whereby genetic information can
be transferred and established in closely related, recipient species.
'Trans-kingdom' gene transfer from bacteria to eukaryotes has also been
demonstrated in the laboratory.

In the absence of documented proof of genetic transfer from plants to
bacteria, our aims were to construct transgenic plants expressing
‘foreign’ DNA and assess possible gene transfer between plants and
micro-organisms.

Approach and methodology

It is unknown whether genetic transfer from plants to bacteria occurs
under natural conditions, so several different environments were used
in the consortium to look for evidence of gene transfer. These included
a tobacco plant tumour, field conditions, conventional bacterial growth
media, and in laboratory microcosms designed to mimic and allow
experimental manipulation of the physiochemical characteristics of the
soil. In Bielefeld we analysed transgenic plants containing the aacCz
gene conferring resistance against gentamicine to bacteria and the
luciferase gene conferring bioluminescence to plants and bacteria.
Transfer of these genes to bacteria was detected by selecting on antibi-
otica-containing media and via tests for bioluminescence. We used the
soil bacterium Agrobacterium tumefaciens as a biological tool to detect
plant-bacterium DNA transfer since this bacterium is well known to be
the biological agent of the crown gall disease which is caused by the
transfer of a couple of bacterial genes into plant cells. The mechanisms
of this transformation via DNA transfer obviously make A. tumefaciens
a good candidate for the investigation of the DNA transfer from the
plant to bacteria. In addition, conventional transformation assays were
carried out with Agrobacterium tumefaciens and plasmid DNA carrying
the aacCz1 gene to test the influence of several factors typical for

(1) This project was a direct follow-on from EC project:
BAP-0422/0475/0476/0483/0486 (p.64).
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Agrobacterium-driven plant transformation, e.g. acetosyringon (induc-
tion of the bacterial vir genes), linear or single-stranded plasmid DNA,
and plant tissue homogenates.

Main findings and outcome

No evidence for gene transfer from plants to bacteria (A. tumefaciens)
in a plant tumour was obtained. Control experiments ensured that the
genes under investigation were active in bacteria if transfer would have
occurred.

Conclusions

These studies have provided us with a better understanding of the
DNA plasmid transfer. The finding that sequences of plant origin were
not transferred to a significant frequency clearly demonstrated that
natural gene transfer from plant to A. tumefaciens is rather unlikely
notwithstanding the sophisticated mechanisms allowing this bacterium
to transfer DNA to the plant efficiently.

An experimental approach
to investigate horizontal gene
transfer between organisms

Background and objectives

Horizontal gene transfer is the movement of genetic information
between species. There is much evidence that horizontal transfer
occurs between different bacteria and in some specialised situations
between bacteria and plants. However, there is only circumstantial evi-
dence for horizontal transfer between different eukaryotic organisms
(that is higher plants and animals).

Retrotransposons are ubiquitous mobile elements in plant and fungal
genomes. The retrotransposons in different species are very similar,
which suggests the existence of horizontal gene transfer. This study
aimed to detect and measure the frequency of horizontal transfer of
retrotransposons between a plant and its fungal pathogen. The discov-
ery of this type of process would have a great impact on the biological
species concept and on considerations of the safety of release of
genetically modified organisms.




Approach and methodolory

The chasen system imveheed the fungal pathogen, Cadosposivm
fuhvam and its host species, tomato, We created chimaeric retrotrans-
pasons containing marker genes, such as antibiotic resistance, whose
transfer from the plant fo the furgus could be detected. Wi intraduced
the chimaeric elements into the temate and £ fubeem genomes and
fungal spores acquiring the marker gene were spught,

Wi isolated the Tnix (tobacco) and the CT-3 €, fdvam) resrolranspa-
son etements and assessed the conditions of their expression,

Maim findings and ouionme

Expression of CfTa i O fulvum was tested by analyais of futiong
between the promoter of the transpason (the LTR] ard the reporter
gene, G5, Transformation of £ fulvam with this consfrucl demonstral-
ed that expression of LTR is enhancod during stareation, a conditlon
known o prevall during Infection. The plant 355 pramater, used io
drive antibictic resistance, was Functional in © fdhvam,

Examination of 1he possible causes of the high level of sequence iden-
tity between retrotransposons establiched the phylogeny of retotrans
pasons in O fuhum in relation fo those in Ascomycete fungl and other
members of the Cladosparium genus. Plylogenatic anaysis of refro-
transgpasons found in £, clodosporipides, CcT-1, and CT-1 was cansls-
tent with verthcal transfer, but did not rule aut horizantal iransfer,

Tnit is poorly exprassed in the tobacco plant, except in their raots,
Hevewewor, Tnty expression was strongly induced during tobacco leaf
mesaphyll profoplast isakation due bo the application af lungal extracis
containing cell wall hydrolases, Creation of transgenic plants contaln-
g a transcriplianal fusion between Trl: LTR, CArrying e pramolér
and regulatory sequences, and the GLIS reporter gene, showed that Tt
expressson is strongly induced in tobacce by several faciors of microbial
origin, such as fungal elicitins produced by PlthopRtor speches, and
culture supernatants af the bacterium Envaia chyesoatiand, A1 Hhe
inducing factors tested elicited bypersensitive defence responses in
toacco plants. Tni expression was closely cornelated with the negrotic
activity of elicitins, In tomatn, Tot expression was also strangly induced
by fumpal extracts and elicitins.

All inducing factors tested elictt plan necratic defence responses lead-
ing to a non-specific incompatible interaction, Thus we attempled
datermineg if Taty induction Is restricted to Incompatible interactions by
studying the gene - gene interactions bebeoen tomata and £ fufvam,
‘Wa found thar &n interaction bebween the produect of specific elicitors
prodeced by O fidhem avirulence genes (Ayrl and the correspanding
plant resistance genes (OF) was responsiole for a plant necrotic
response leading to resistance 1a the pathagen, We, therefore,
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introduced the Cfg resistance gene into the LTR-GUS transgenic tomato
lines, and tested the effect of the C. fulvum Avrg gene product. The Avrg
gene product activated Tnt1 expression in tomato lines containing the
Cfg resistance gene, but not those devoid of the Cfg resistance gene.

Conclusions

The tobacco retrotransposon is expressed in tomato and is therefore a
suitable tool for the experimental testing of horizontal transfer
between tomato and C. fulvum. Tnt1 expression in tomato and tobacco
is linked to the plant response to micro-organisms and may lead to
resistance of the plants to the pathogen.

Modifications of the Tnt1 promoter to create constitutively expressed
maobile elements may be required to ensure a high level of induction
during a compatible reaction.

Safety assessment of the
release of transgenic crops:
spread of herbicide resistance
genes from wheat and foxtail
millet to weedy species

Background and objectives

The need for herbicide resistant wheat in developing countries is
immense. If biotechnologically derived resistant varieties are released,
a major biosafety issue that needs to be investigated, is the ability of
any local weeds to acquire resistance genes from wheat, creating a sit-
uation which would jeopardise herbicide use. Although crosses of
wheat with wild relatives are reputed to be unlikely and to produce
sterile hybrids, a recent report described fertile spontaneous hybrids
between wheat and Aegilops cylindrica, a pernicious weed found in the
United States. Wheat has three different genomes, A, B, and D. Only D
is common with Aegilops cylindrica, but other wild relatives have
genomes with partial homologies to A, B or D, which can make gene
flow easier. However, nothing is known about the behaviour of hybrid
descendants in the field. In contrast, the experimental study of the fre-
quency of resistance genes in weed field populations can be studied
with foxtail millet, which is as self-fertile a cereal as wheat.
Descendants of hybrids between millet and wild relatives have already
been described by botanists and three independent herbicide resist-
ances have been bred using classical techniques. The main objective of
this project is to provide scientific information on the possibility and




prabability of transgene escape fram biatechnologically-derived, herbil-
cide-resistant wheat, to wild plants, via spontanesus inferspecific
hybridization. This includes studies in different regions where different
wild relatives are indiganous (ncluding China, France, lsrael, Spain and
Switrerland), studles on different wheat transformants, and different
modes of inheritance of transgenes that could be less prome to trans
ferring the gene. The impact of the transfer of herbicide resistance
gines into a wild papulation Is also addressed using milket as a madel
fior cereals.

Approach and methodology

Four key approaches are being undertaken, The first Inwalves the
duvelopmant of genetically different types of herbicide-resistant wheat
fram & large number of transfarmations and thelr characterisation
using introgression-substitution lines and DN tools to identify an
which gepome the resistance gene was located. Herbicide resistance is
bath a wery desired trait in agranomy and a good marker to detect
sene gscape and exert a clear-cut selection presswre,

The second approach involves the identification of grasses that can
bread with wheat in spetified ecodagical conditions and countries, This
includes field study of flowering time and weed characteristics of wheat-
related grass spedies, the estimate ol the passibility of the infercrossing
af whaoat and the wild relatives by hand-crossing and embrgo rescue
I:E'{I1I'|||:'|ue5.. and spontanegus interspecific hybridisations in the green:
house and the garden, The rate of sponanepus mutations in cell culture
of wild plants will be companed 1a gene escape fram ransgenic wheat,

The third approach invalves a comparigan ol the growth, developmen:
tal fitness and natwral reproduction of the differant hybrids to those of
the parents. This is followed by manitering the introgression between
wheat and wild relatives by means of chromasome identifiying tools
and DNA markers amang hybrid progeny and further generations.

The faurth approach examines the collection of data an the spread of
resistance genes after a large scabe release of a resistant crop and the
behaviaur of resistance gpenes when inherted in diferent ways and
under different regimes of selection pressure. This applées to herbicide-
registant millet used as an advanced model because resistant varielied
are already avallable.

Main findings and oulcome

Several experimental approaches and labaratary technigues have been
esiablished including the developement of wheat lines which are resist-

ant to an inexpensive, envitanmentally safe hetbicide, and a guick test
for scrpening and evaluating Dalapon resistance. The first interspecific

hybrids between wheat and one of its wild relatives have also been
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produced. Wild relatives of wheat, and conditions leading to increased
risks in fields, have been identified. Other techniques which have been
established are a suitable and quick test to identify on which wheat
genome (A, B or D) the transgene is located, cell culture conditions for
several wild grass species, and the identification of molecular and cyto-
genetic markers specific for millet and wild relatives.

Conclusions

This project will help provide genetic engineering recommendations to
wheat breeders to prevent uncontrolled gene escape by hybridisation
between wheat and related grass weeds in the field. It will determine
the likelihood of the spread of resistance genes into a weed popula-
tion, the biosafety implications of such movements, and the extent (if
any) of negative impact on farming activity and on the environment. It
aims to propose guidelines about actual gene flow and its manage-
ment, providing more information on the risk/benefit balance, and min-
imising the risks as far as is possible.

Evaluating new traits for potato
in the Central Andes with an
appropriate poverty focus

Background and objectives

There are large potato yield losses caused by indigenous nematode
pests in the central Andes. It is possible to counter this problem by
genetic modification. Resistance to the pest can be conferred on potato
roots by the expression of genes from other food crops (e.g. rice and
maize). Nematode control has been achieved in UK field trials and did
not cause any adverse effects on non-target insects. This project aims to
evaluate the risks to non-target animals and soil micro-organisms in the
central Andes. Biosafety risks, common to all genetically modified organ-
isms, will be considered. Risks to non-target organisms and of “genetic
pollution” are to be determined. These include the risk of transferring
modified genes into wild relatives of the potato via pollen. A cautious
approach should be adopted to assess and minimise this risk. The aim is
to determine whether genetically modified potatoes can be grown in the
central Andes with a high level of environmental biosafety.




Approach and methodoioey

Previgusly developed methods will be used fo quantify the risks of
genetic transfer from genetically madified organisms to non-argel
arganisms, Madels to ba studied Include bumblebers, parthwarms and
varis predators. It s important to determine the amount af gense
traniler bebween the genstically modified petaio and its wild relatives
because they are sexuslly compatible, Gene transfer in patatoes will he
masured as a functlon of planting distance by berry number on a male
steribe cultiver. Far weed species, AFLP melecular markers will be pged
ta quantify gene transfer. The feasibility of reducing infropression to
negligible levels by use of male and female sterile polaie cullivars will
be determined. If bipsafaty is assured &nd consent is obtained fram
grovers and consumers, nematode resistance will be offered an a roy-
aliy-free basls 1o farmers with pear resources.
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Safety assessment of the
deliberate release of two model
transgenic crop plants, oilseed
rape and sugar beet

Background and objectivesd)

Biotechnological techniques will broaden the range of germplasm
available to plant breeders by producing new gene combinations con-
taining desirable DNA sequences that are not available from other
sources or by making them accessible. The potential and limitations of
the new techniques are not, as yet, fully understood. This study aimed
to assess the entire range of safety issues associated with the deliber-
ate release of genetically modified plants (GMP) into the environment.
We studied two model crop species: oilseed rape (OSR) and sugar beet
(Beta vulgaris).

Approach and methodology

To assess the distribution of genes via pollen, field studies were car-
ried out in the UK, Belgium and France. Studies were designed to con-
sist of “source” area, containing the GMP and a “catcher” area. The
source and catcher areas were either located adjacent to each other or
were separated. The GMP carried an easily traceable marker such as a
colour gene marker.

We aimed to assess the potential and likelihood of gene transfer from
OSR to four of its most predominant wild Brassicaceae: B. campestris,
B. adpressa, Sinapis arvensis and Raphanus raphanistrum. We studied
the pollination ability, the production of F, hybrids under field and
forced conditions and the reproductive potential of F, hybrids.

We used endogenous markers and genes introduced by genetic modifi-
cation to produce interspecific hybrids with wild relatives of sugar
beet: Beta maritima, B. atriplicifolia and B. macrocarpa. We evaluated
the competitive ability of the hybrids in mixed populations in the
greenhouse and in the field.

Computer modelling was vital for predicting the importance of each
biological parameter and providing feedback on experimental design.
Based on the general model incorporating the experimental parame-
ters, simulations can be made on the impact of the particular traits.

(1) This project was a direct follow-on from EC projects:
BAP-0489/0490/0491/0492 (p.50) and BAP-0371/0384/0408/0423 (p.28).
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Study of gene dispersal from
plants produced by recombinant
DNA technology

Background and objectives

Genetic modifications (manipulation or engineering) and the introduc-
tion of new characters into crop plants has considerable potential for
European agriculture. It is already possible to introduce genes which
make crops resistant to certain pests and diseases and to improve the
quality of the plant product, and many other new opportunities are
emerging. Because genes from a wide variety of organisms and even
synthetic genes produced in the laboratory can be introduced into crop
plants, it is important to study their function in the modified plant.
Most importantly, the biosafety aspects of any release into the environ-
ment must be carefully considered. The likelihood and consequences
of the genes, and thus the traits, being transferred to other crop plants
or related weed species is of particular concern.

Approach and methodology

The aim was to study the frequency and extent of cross-pollination
between modified crop plants containing introduced marker genes, and
other plants of either the same species or other related species, and par-
ticularly those that are common weeds. Three major crop species were
used: potato, alfalfa and oilseed rape. Powerful techniques for transfor-
mation of these species are already available, and each illustrate specific
safety aspects as concerns introduction into an open environment. Two
major issues were addressed. First, the extent and distance of cross-
pollination between modified plants and non-modified plants growing
around them in an adjacent crop was examined. Oilseed rape was used
for these experiments. Second, the ability of crop plants to transfer intro-
duced genes to related species was considered. This also involved
analysing the likelihood of the affected plants (especially weeds) becom-
ing established in wild populations. Potato, alfalfa and oilseed rape were
used. This study involved both natural outcrossing and the application of
sophisticated technology to generate hybrids for evaluation.

Main findings and outcome

A marker gene, the gene for resistance to a particular herbicide, was
introduced into alfalfa. The gene was transferred from the modified
plants to other alfalfa plants and also to various related plants:

M. sativa spp. falcata, M. sativa spp coerulea, M. sativa spp glutinosa,
M. saxatilis and M. cancellata. The marker gene was inherited and
expressed in the hybrid plants in accordance with standard genetic
theory. In contrast, potato could not be crossed with local weed




relatives black nightshade and bittersweet, Using appropriate sophisti-
cated lechnigues, cilseed rape could be crassed with nelated wild
species. Initlal characterisation suggested that the hybrids expressed ihe
transgene in a normal way. However, due o the hybrid nature of thesa
plants, there were specilic effects interfering with normal prapagation
{far example partial or complete sterility). Even under optimal conditions
far Ieteraction between ailseed rape and related weeds (mixed stands of
the two plant species] the freguencies af aultrassing were very Iow,
Indeed, no culcrossing was detected after screening many millians of
irdieidual plants. Field trials wese used 1o estimate the distance of bio-
lagically relevant gene dispersal. At & distance of 4 metres fram [he
pailen source, the freguency of oulcrossing dropped to b2low 1 0 1000

Conclusions

Gene trarsfer may occur between aifalfa and certain non-cultivated rela-
trems growing nearby. In the conditions stwdied, the dispersal of trans-
genes by patato pollen is not passible and there is therefare no blosafe-
ty problem. Gene transfer from aitseed rape 1o eeriain nan-cultivated
relatives is possible by specific expetimental techniques, but exiremely
unlikely in natural conditions. furthaermons, such hybrids do not persisi
in thir grvirpnment, The range for biclogically relevant dispersal of
pallen from gilseed rape is short wheare suitable bislagical containment
measures are used [For example guard rows of cultivated plants).

Environmental impact of
transgenic plants on
beneficial insects

Background and objeciives

Crap pridection plays a vilal amd irdegral rale in modem-day sgricultural
production. At present, crop protectlon against insect and nematode pests
im agricultural systems nefies almast exciustaely an the wse of agrochemi-
cals, Genetic enginesering offers the plant breeder the opportunity not onby
ba e a lazge "gene pool® of pest resistance genes, but also to sigraficant-
Iy shorten the time perod irvolved in the breeding of reststant crops,

This prajact concemns research on the emvirgnmental impact of trans-
genic crop plants an beneficial insects &g podlinating insects or the nat-
ural enemees of pest Insects. Biological contral using pamsitold insects
represents an imporlan] aspect of infegrated pest management strate-
gies, and podlinating imsects play a majar mle for seed production and
fruit set of mamy craps, This, i€ 5 crucial Ba evaluate the effects of the

= McPartian H.C & Dake P, “An
assessment of gene transher by
poflen from field-grown transgenic
potaboes to mon-ransgenic pota-
toas and related species™.
Transgenic Resegrch, 3, 1954,
pp. 216-2325,

= Schaffler LA, & Dale P,
“Dppartunities for gens iransfer
from transganic pilseed rape
{Brassice mapuws) 1o related speciss™,
Trarsgenic Research, 3, 1994,
pp. 263278,
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Major publications

= Agalopoules M., Hoopsr A,
Maniar 5., Pickett |, Wadhams L,
“#& novel approach for the iselation
of walatile chemicals released by
individual |eaves of a plant ir sifu™.
I Chem, Ecol,, 5. 1599,
Pl 14111425,

= Ball H.A,, Fitches E.C,, Down BLE.,
Marnls G.C., Edwards LB,
Gatehouse LA, Gatehouse AMB.,
“The effect af snowdmap lectin
(GNA) deliwered wia artificial diet
and transgenic plants on Eulephrs
pennicomis (Hymeanophang:
Ewlpphidae), a parasitaid of the
tamato moth Locanohia oleracen
{Lepidoptera: Noctuidea]®,
L Insect Physiol, 45. 1999,
Pp. 983-951.

& Dvwn BLE., Ford L, Maosson Ho.,
Fitches E.C., Gatehousa [LA.,
Gatehouse A MR, “Protease activi-
ty In the larval stage of the para-
siboid wasp, Enfophuws penmicamis
{Mees) (Hymenoplent: Evlaphidos):
effects of protease inhibitors®,
Parasitedogy, 119, 1954, pp. 157-166,

introduction of engineered plants on the parasitpid,host complex and
on the pollinating insectf plant interactians, In this praject we investi-
gale the effects of transgenlc crop plants or of gene praducts on the 47
ferent steps involved in hast or plant recognition by beneficial insects,

Aopraach and methodology

We began by investigating the mullipbcation al selected iransgenic and
condrel plants, Including a quantitative determination of fransgene prod-
ucts, specifically in plant tisswes in contact with beneficial imsects, We
alsn developed the praduction of purified recambinant proteins for
bioassays, the chemical characterisation of nutritionally related and sec-
ondary mettabolites of transformed and cantml plants, and measured the
shiert-term and long-term effects of gene product ingestion an the behay
laur, digestive physiology and developmant of beneficial insects

This imepheed the investigation of the accumulation of gene products in
pest insects, determination of the dynamics of gene product acoumula-
tiom assaciated with bereficial insecls, specically in the haneybee
hive, and the pepulation dynamics of parasitolds and predators.

Prareinase imhilifars ang pol expressed in
nectars, reswnting i normal forogieg
Defrawiowr of lovepbees oo Iransformed
pifseed rope Aowers.

Hfactory lemming af honeyhees fested
urichey fataratory condilicns s aof affecled
by profeimase inddibifors af doses expressed
ko feanstormed phaars

Liwvag-1Rim FAPaSIARG 00 Ord fednase imhihitors
al désed expresied i fransformed el
dows nai affect the foragimg activity af
homeyies e

SNA goowmekaiime A apiids s oot
acredefy heais fo fngybats, a naranaf
enemy af gphids.



= Fham-Delégue M.H., Girard C.,

Le Métayer M., Sandoz G., Picard-
Hizow AL, Hennequet ., Pons O,
ﬁ;ﬂﬂﬂmumﬁﬁw Joisanin L, “Leng-term effects of
natrol nemy, the pavasitic musp Fulaphus soybean proteinase inhibitars an
penniconms digestive enpymes, sundval and
learning abdlities of honeybeas®,
Miain findings and culcome Enformal Exp, Applic., 92, 30aa,
PO 21-29.
Genelically modified spads and plants were produced and partially
characterized, The evaluation protocels and methodalogies for plants = Walker 8., Ford L.,
secrefion analyses and insect studies were established. Majeris M.E.H.,Gmgl‘r&gﬂl‘l LE.,
Birch AMLE., Gatehouse [A.,
‘W evalsated the long-term elfects of foreign proteins on honoyhees Gatehouse & NCER., “Characier-
using chronic codcity tests, study of the kearming ablitles and study of isation of the proteadytic activity in
the accumulation of Fareign proteins i the Bee, Our experiments ncled- larwal midgil of two-spat Ladybird
ed chemical anatyses of plant nectars, analyses of volatiles |n trans- {Adatla bpunctota L™,
formed and contmlled oilseed rape and patato plants, and koreybea Insect, Biochem., Mol Blal,
recagnitian of suech volatiles, In additon, we pesfosmed biodhemical 28, 1908, pp. 173-180,

analyses of bumblebees’ digestive proteinases, Behavioural experimants
on honeyhieas were perormed and the results used for modelling.

Dur studies of the effect al (=ansgenic plants on parasitolds mcluded the
study of the major protealytic enzymes in larvae of parasitoid wasps, the
accurmnulation of tramegene products in preys or hosts af predatons and
parasitodds, ard the effects of pesticidal toxins an predatars,

Conclusion:

Ta date, no acute taxicity of insecticidal profeins towards benoficial
insects has been observed pither when expressed in plamts of when
incarporated into artificial dsets at levels fourd in the leaves of trans
farmed plants, Howsyer, when incorporated inba dists al concentration
orders of magnitude higher than expressed in GM plants, and under
extreme laboratary condilions, some significant effects were obsened
o indecd behaviour and physlology.

Wk ig 410l required to valldate thase big-assays under mone nafural
candltlons,

Hinessay of cowlral and GiA-sapressing
paldn pWars agenst ienvee of Locanobia
oleraren (lomato modh) Comdngd planf {THE]
showlng sevene (eesls of covoge; fronsgenit
ploar shawirng sigedficantly rduced fevels of
damage.
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Larved of Lacanohin pieragea (femaro marh)
being pargsilised by lorvoe of the
scioparesitoln wasp Eulophus peanicanls,

¥ &

identification of tire prodeaiyiic echiiities of fovnth-fastdr dvval (fores 1.5, aad 5;
SaproR, &5 P peoteln kane- o amd adilt (eees 2,4, and & appnoe, 53 B9 protel
dome-1) midgal extrects in polyecndomicle gels containing erocasen. Gef 2hices 1
o 3 o & to right: sifce ¢ was daowbaned bo so mM MES buffer foH aa)
corroining 2 s OTT, whenses stoes & o 3 were incaboted in baffer conloming
20 1 E-fg and 20 uM £-85 + 10 mM EDTA. The pre-staimed mafecalar verlghi
markers were ofrodphantose § (e pog, coa), btvrme sernin albusdis (Mr 82 000,
owabamin (4r 48,300, carbanit sshpdrese (Mr 3zamal, sophears npesin
imhibitor (v 28 ool and psoepme M 19000l

Effects and mechanisms of BT
transgenes on biodiversity of
non-target insects: pollinators,
herbivores and their natural
enemies

Background and objectives

Bocilius thuragiensis [EL} is bacterium that coours in variaus emviron-
ments, aften In asseciation with insects. A a particulas stage in fts life
cycle il praoduces ergstals composed of proteins that are highly tomic ta
Insects, and differant strains of the bacterium are 1azic 1o differen
spicias of insects, mcluding varlous pest species. Thus, the ganes for
these toxke prateing, naturally produced by B have anormaus agricul
twral potential. The genes introduced into crop plants can make crops
redistant to Ms pests, thereby decreasing the naed for chemical insecti
cigas. One of the advaniages of B foxing is thal they are specific for
particular insect species, whereas chemlcal pesticides can be amviron:
mientally harenful and aften kill innecuous and even beneficial insects
ipollinators for example). This praject will investigate the effects af
transgenic, insect-resstant (Bt-) crops on the blodiversity of non-targel




herbivorous insects and their natural enemies, and pollinators. The
project will deliver contributions to a solid scientific foundation for EU
policies and regulations for release of transgenic crops. It will also use
the most state-of-the-art technology to develop tools for monitoring
effects on biodiversity.

Approach and methodology

The effects of Bacillus thuringiensis insecticidal proteins in trangenic
crop plants on the biodiversity of associated non-target and beneficial
insects (insect predators, parasitoids, and pollinators) will be assessed
at different organisational levels, including the cell, the whole organism,
and the ecosystem. The underlying mechanisms of observed effects on
beneficial insects will be investigated at the molecular level. Four
toxin/crop combinations will be used for testing effects of insecticidal
proteins. These combinations will be tested by laboratory feeding
experiments, in greenhouse and field cage experiments. Field sampling
will be used to evaluate the effects of the transgenes on the biodiversity
of the associated insect community. The mode of action of Bt toxins in a
beneficial insect will be studied in more detail. Molecular tools involving
the use of cDNA micro-arrays will be developed for fast and efficient
observation of effects, based on changes in gene expression patterns.

Main findings and outcome

This project is at a very early stage. The work underway includes the
following. The mode of action of Bt toxins on the important predatory
insect, the green lacewing, will be elucidated. Transgenic CryiAb-corn
exerts an effect on this species through a herbivore. cDNA micro-arrays
are being developed as tools for monitoring any adverse effects of
plant-expressed toxins on beneficial insects, in this case lacewings.
The utility of these micro-arrays will be tested with lacewings collected
from Bt and non-Bt crop fields. Laboratory feeding studies will be used
to study further the effects of Bt transgenes on non-target herbivores
and, through these herbivores, on insect predators such as lacewings,
ladybirds and spiders, in a tritrophic system. The effects of 4 gene/crop
combinations on parasitoids of herbivorous insects will also be studied
in a tritrophic system. Effects on parasitoid behaviour and fecundity
and on behaviour-mediating plant volatiles will be determined.
Similarly, the effects of the Bt crops on pollinator behaviour and biodi-
versity will be considered. Field sampling will be used to assess effects
on pollinator biodiversity. Feeding studies of bumblebees will deter-
mine effects of transgenic pollen, and the effects of transgenes on
pollen and nectar composition will be determined. Finally, non-target
herbivores and beneficial insects will be sampled in field experiments
with the four crops and non-Bt fields. Caged field plant experiments
will study population dynamics of non-target herbivores and their prey
in more detail.
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Conclusions

This thorough analysis will greatly improve our knowledge on how non-
target insect biodiversity might be affected by the use of Bt-crops.
Possible hazards from Bt-plants for the biodiversity of non-target
insects will be identified. The study of the action of a Bt toxin on a ben-
eficial insect should give cues for ways to prevent negative effects. The
project also involves developing a high-technology tool to be used in
monitoring for effects of Bt transgenes in field insects. These various
studies will contribute to a solid scientific basis for establishing
European policy and regulations concerning the release of transgenic,
insect-resistant crop plants.

Impact of three selected
biotechnological strategies for
potato pathogen control on the
indigenous soil microbiota

Background and objectives

The potato (Solanum tuberosum) is a staple crop of major economic
importance. However, it is subject to a number of diseases caused by vari-
ous micro-organisms and these diseases may result in major yield losses.
Considerable amounts of pesticides are currently applied to potato crops
to control pathogens, to prevent such losses. There is therefore consider-
able interest in the development of new strategies that do not involve
pesticide use for the control of potato pathogens, such as the use of
transgenic potato lines and avirulent mutants. This study aims to assess
the impact of three non-chemical strategies (involving the use of trans-
genic lines of potato and avirulent mutants of Ralstonia solanacearum) on
the natural populations of micro-organisms associated with potato, the
genetic diversity of potato pathogens and the efficacy of these strategies.

Approach and methodology

Available methods will first be adapted and new methods developed
for the ecological assessments. The microbiota generally associated
with the potato in the field will then be analysed at two sites, one in
northern and one in southern Europe. The efficacy against potato
pathogens of the various available transgenic lines and hrp mutants
will be evaluated in glasshouse trials with the aim of selecting a limited
number of strategies, considered to be the most promising, for further
assessment in glasshouse and field trials. In these subsequent trials,
the ecological behaviour, in terms of survival, plant tissue colonisation




and kcation, of marked R, saleracearum and hep biolegical contral
agents will be studied. The efficacy af the various strategies for con-
trelling Erwinia sp, will also be assessad,

Conclusions

This project should provide information about the eficacy of various
man-Chemical strategies lar contralling potate pathogens, and the
impact of these approaches on the soll microbes associated with the
potate and the genetic diversity of patato pathogens,

Virus-resistant transgenic
plants: ecological impact of
gene flow

Background and objectives

Virus resistance was among the very fizst agronomically uselul Eraits 1o
be introduced into transgenic plants, and several winis-resistant trans-
genic culitears have already been commercizlly released inthe US and
China. In order to prowide the necessary science-based risk assessment
al such plants before contemplating commendial release in Europe, it is
essential to clarify several points conceming potential ecological impact,

The most Important potential Impacts could result from ten forms of
gene Now, either from plant (o virus by recombination, of nom plant (o
plant by sexual sutcrossing. At the end of this three year project, itis
expeched that the results willl clanly whether [he currently developed
types of virus-resistant cultivars can be released with acceptable risk
e ta eithar of these twa forms of gene flow,

Approach and methodology

VETP IMPACT will address ihe v sutstanding questions conceming the
potential ecologlcal impact of vinus-resistant transganic plants: will
recombination with an infecling winus iead to the creation of novel winus
genomes, and will transmission af a virus resistance gene fo wild rels-
thees af the modified crop species confer a fitness advarntage on the wild
plants? These guestions will be answered thraugh both laberalary and
field studies. In the sfudies of recombanational plant to virus gene fow,
the particular targets will be two groups of impartant plant viruses, the
cucumowinises and the podyviruses. The plant to plant gens Flow studies
will focus om two majar crop plants that are kndwn (9 be able 1o auliross
with wild ralatives, beet and oilseed rape. Since [t s known that gens
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flow between the crop and wild relatives can occur with these species,
the work will focus, not on the incidence of gene flow, but on its out-
come. In all cases, potential impact will be assessed relative to studies of
these two forms of gene flow in the absence of transgenic plants.

Main findings and outcome

The participants have already at their disposal a considerable number
of the tools and biological materials required for this programme,
including numerous transgenic plant lines expressing sequences
derived from viral genomes of several virus groups.

In the plant to virus gene flow studies, parallel experiments are being
carried out with plants expressing sequences from cucumoviral or
potyviral genomes. Some, but not all of these plants display some level
of resistance to the viral strain from which the transgene was derived.
In both systems, baseline information on the occurrence of recombi-
nant viral genomes in doubly-infected non-transgenic plants is being
obtained and compared to the occurrence of recombinant viruses in
singly-infected transgenic plants. The biological properties, including
relative fitness, of the recombinant viruses created will be tested. The
comparison of these two data sets will make it possible to determine if
the transgenic plants can promote the appearance of recombinant viral
genomes that would not occur in non-transgenic plants.

In a complementary approach, a baseline study of the prevalence of
recombinant viral genomes in natural cucumoviral and potyviral popula-
tions is underway. This will fill a significant gap in current knowledge,
and will provide the natural biological context against which previous
laboratory studies can be assessed.

In the plant to plant gene flow studies, the prevalence of the viruses
studied in the wild plant populations will be determined, and the effects
of virus infection on the fitness of the wild species evaluated, in particu-
lar whether introgression of a virus resistance gene from a transgenic
crop relative can confer a fitness advantage on the wild plant species.

Conclusions

This project compares transgenic and non-transgenic plants to show
whether recombination in the former could lead to the appearance of
novel recombinant viral genomes not found in the latter. The field studies
of naturally-occurring recombinants virus will tell us whether the recom-
binants occurring under laboratory conditions correspond to those
observed in the field. The gene flow studies in beet and oilseed rape and
their wild relatives will allow prediction of whether the passage of a virus
resistance gene into the wild species will affect their fitness.




Risk assessment with
genetically engineered woody
plants expressing virus coat
protein gene

Background and objectivesiy

Genatic enginearing is an impartant tool In the developmeant of strate-
gies for the protection of plans against viral infections. Nevertheless,
the biosafety risks associated with the Introduction of penetically mod-
ified arganisms [GMO) inta the agricultural industry need 1o be con-
sidered, One popular approach developed by several scientists wark-
ing in the area of plant protection, is the use of coat protein {CF) med|-
ated rasistance. We focused on the biorisks in planl pratection studies
wsing the tramsgenic woody plant species Vikis and Prunws that express
a wirus CF gene. Identifying the malecular interaciions betwesn a
genatically engineered capsid (3 vital protecting coat), and the wirus
Lnallenger gename, iS5 essential for understanding the mechanisms
imwalwad in plant protection to virus infection. The potential conse-
quendes ol trarsencapsidation (the process of protecting 2 homala-
gous- of heterologous-viral ENA belonging te the same viral group by a
natural ar arlificial wiral CR, farming a homalagows or heteralagous
plant viral particle), and ENA recombination are the main blorisks
deriving fram the malecular inferactions beteeen an engineered CP or
a transgene transcript and Incoming wirusas,

The overall aim was to characterise these pheanomena and bo assess
their biglogical impacts using matural wectars ransmitting fransencap-
sidated particles or recombinant wiruses. NMatural vectors Include
aphids for transgenic Prumgs expressing plumm pog vives CAPSID GENE
(PP CF, mematodes for grapewine harbouring efther grapevine farfeaf
ar arabis mosmic vires CAPSID GEME (GFLY CP ArhV CP} and mealy
bugs for grapevine hartbouring gropeving withars 4 & 8 CAPSID GEME
{E'ﬁ"n!u CP GVE CPF), These studies are impartant for ranSgenic woady
perennial crops that remain in fields for aver 30 years.

Electrgw micragraphs af VLIPS
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BV LP gane

[} Thig project was partly a direct lolos-on frem EC project: EECBooa-ClgL-cao ety

Research project

Contract number
BiOy-CToE-a77

Period
Oetober 1996 = September 1999

Coordinatar

M. Ravelomandra
INRA-Bordeaus
Villenawe d'Omon (FR)

Partmers

= B, Walter
INBA-Colmar [FR)

= @&, Llacer
Imstitute Vakenclano de
Investigaciones Agrarias
Moncada (ES)

= L. Pinck
CHES
Strasbourg (FR)

= A, Spielmann
Université de Neuchatel (CH)

= M-C. Mauro
Laboratoire de recherche viticole,
Moet&Chandon
Epemay (FR}

= . Moncomble
Comité Interprofessione! du Vin de
Champagne
Epernay (FR)

= G, Martelll
Dipartimenta di Pralezione delle
Piante dalla Malatie
Bari {IT)

= L. da Cimara Machado
Institut fir Angewands
Mikrobiologie
Vienna [AT)




Major publications Shudies of ronsencopsidadian i mind Eolion of Wikires A amd Whivus 8

 |gcquet C., Delecolle B., Raccah &,
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“Usa af medified plum pas vins coat
proteln genes developed to limit
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Sowrmal of General Mirnlogy, 79, 19948,
PP- 150891517

= Minafra 4., Goelles R, da Cdmara
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“Expression of the coat protein
gane af grapevine virus 4 and B in
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resistance conferred to transgenic dvit] ouse g6 gol (15 mml.
plants®, ot bt Al godd 1o nm
journal of Plant Pathalaay, Bo,
1598, pp. 197-202.

Approach and methodology

= Olmos A, Cambra M., Esteban O,

Gorris M-T,, Terada E., "Mew dovice T slipdhy Thase biological risks, wa models, Nieorlang & woody plands,
and methed for capiure, reverse ware ysed, Several transgenic woody plants from plums and
tranzcription and nested PCR in a grapevines exprogsing CP required for these biolegical ridk studies
single closed-tiebe™, have been produced (VWitis windfena; Vilis rggesins, rootstock 3304
Nuclels Aclds Resagrch, 27, 1959, Couderc; ¥ rupesins X ¥ Apania), Transencapsidation was studied by
P 1564-1565. the comparative use of clanes expressing either the native ar a modi-

fied form of CP. Serological and molecular toals as well as pratocols far

= Bedin £, Schmitt €., Gaire F, studying transencapsidation were devaloped in transgenic woody

‘Walter B., Demangeat G, Pinck L, planls, Becombindnt yiruses were Soughl sithér in (ransgenst o in man-
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ment proedein ane crithcal for sys- RMA recombination species,
temic virues spread®,
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199G, pp. 1347-1356.
This project has advanced susccassfully as a result of several factors

= Ravelonandro M., Scorza B, including the availability of: the trapsgenic plum and grapevine wosdy
Callahan A,, Lewy L., facguet £, plants (¥its winifera, Vitis rupasins, roatstock 3305 Couderc:
Monsian M., Damstesgt V., “The use ¥ rupesinis X VW rparigl, which were reguired for biological risk studies;
aof fransgenic fruit trees as a res|st- seralogical and modecular teots and protacals far studying transencan
ance strategy for vinus epilemics: sidatian in transgenic woody plants; ¥ deficlent for aphid-transmiss:
the plum pox (sharka) model”. bility (WAT, e, nat aphid-transmitted; this is used 1o design a genamic
Vives Reseorch, 71, 2000, pp. 63-65. variant of & naturally aphld transmitted virus) in wooady plant species;

and cONA clones far making arlificial varlants of the virus challenges
far recomialnation siudies.

‘)




This has enabled the production and characterisation of transgenic
grapevines, including those transformed with the native and truncated
forms of the GFLV and ArMV CP genes, and GVA and GVB CP genes.

In addition, transgenic herbaceous plants, including Nicotiana
benthamiana expressing GVA CP, and Nicotiana occidentalis GVB CP,
were characterised.

Transencapsidation studies have been carried out with transgenic
plums expressing the native form of PPV CP and a modified form PPV
ADAG CP. Risk studies with transgenic plums were carried out under
natural conditions in a small scale greenhouse. Phenotypic mixing was
detected between ArMV particles and GFLV CP accumulated in trans-
genic plants (grapevine and Nicotiana benthamiana), and between GVA
and GVB particles in doubly-infected herbaceous plants. GVB particles
transencapsidated by GVA CP accumulated in transgenic plants were
also detected. The biological impacts for these risk studies in confined
greenhouse conditions with transgenic plums were also examined.

Recombination studies in herbaceous plant models using artificial vari-
ants of the PPV genome have been carried out. Natural recombinants
of GFLV-ArMV, as well as potential sites required for the viability of an
artificial GFLV-ArMV recombinant were also identified. Infectious full-
length clones of GVA & GVB, which are basic tools for making artificial
recombinants, were constructed.

Conclusions

Our transencapsidation studies, carried out in both confined green-
houses and in natural field conditions, show that the use of genetically
modified plants needs to be carefully monitored to minimise potential
biorisks that these organisms pose in an agricultural context. Studies
into recombination have been initiated and are being pursued, and the
biological impacts will be evaluated.
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Virus resistance in transgenic
crop plants; influence of
transport protein genes on
viral host range, symptom
expression on resistance of
transgenic plants

Background and objectives

The improvement of virus resistance in crop plants by means of genetic
engineering is a very promising approach. To extend the availability of
safe virus resistance genes, extensive basic research on viral infection
is necessary. For cell-to-cell translocation of viral genomes many (if not
all) plant viruses express so-called “movement proteins” which are
responsible for the spread of virus to other plant tissues. Different
viruses use different strategies for coding their transport function.
Interfering with the functioning of transport proteins is a promising
strategy for use in generating transgenic virus-resistant plants. We
therefore studied the influence of such transport protein genes on viral
host range, symptom expression and resistance of transgenic plants.
The main aim of the research was to provide a functional analysis of
several poorly studied genetic systems of intercellular transport of viral
infection.

Approach and methodology

Microprojectile bombardment has been established as a very efficient
tool for complementation analysis. This has firstly been demonstrated
by complementation of a potato virus X (PVX) mutant with cloned viral
movement protein genes. Microprojectile bombardment was used to
examine the transport function of the 25 kDa movement protein (MP)
encoded in the triple gene block (TGB) of PVX. An MP-defective full-
length cloned PVX genome carrying a 3-glucuronidase (GUS) reporter
gene was cobombarded with 355 promoter constructs containing
either the MP gene of wild-type PVX, the MP gene of either of two
tobamoviruses (tomato mosaic virus or crucifer tobamovirus), red
clover necrotic mosaic dianthovirus (RCNMV) or brome mosaic
bromovirus (BMV).

Main findings and outcome

When inoculated alone, the MP-defective PVX was unable to move out
of the inoculated cell, as visualized by in situ staining for GUS activity.
However, cell-to-cell movement of the mutant PVX genome was

restored by coinoculation with 355 constructs containing the MP ¢cDNA




af PVE, either tobamowirus o RONMY, These results demonstrate elear- * Solowgey AG., Savenkay EL,
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research will facilifate the development of envircamentally safe, vinus-
resistani crop plants,
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Assessment of risks induced
by virus-derived transgene
products in plants, using
luteoviruses carrying the green
fluorescent protein as a visible
reporter

Bachground and objectives

Potential interactions between viral transgene products and infecting
viruses are a serious concern for the environmental safety of trans-
genic plants expressing plant viral sequences. Interactions that can
occur include RNA recombination, heterologous encapsidation (cross-
incorporation of viral genetic material into viral particles) and syner-
gism. Luteoviruses are particularly useful in risk assessment studies
relating to these interactions. Firstly, they arose by RNA recombination
between different ancestor viruses. Secondly, related luteoviruses are
known to readily undergo heterologous encapsidation and to also
encapsidate unrelated viroid RNA. Finally, synergism is common in
mixed infections (with two luteoviruses, or a luteovirus and a
potyvirus), leading to increased expression of symptoms and viral
titres. Little information is available concerning the probability of the
occurrence of undesirable interactions in transgenic plants, making it
difficult to draw conclusions about the biorisks of GMO-containing
plants. The major bottleneck in obtaining sufficient data on recombina-
tion, heterologous encapsidation and synergism is the detection of the
RNA interactions described above.

The aims of this project are firstly to assess the probability of these
undesirable interactions in transgenic plants using luteoviruses as the
model, and secondly, to assess the environmental risks related to the
agricultural introduction of such transgenic plants created using

viral vectors.

Approach and methodology

The initial phases of this study are based on the production of trans-
genic plants expressing poty- and luteoviral sequences as well as full-
length infectious clones of Beet western yellow virus (BWYV) and
Potato leafroll virus (PLRV), carrying the gene for the jellyfish green flu-
orescent protein (GFP). Incorporation of a visible reporter gene
markedly simplifies and speeds up detection, thus allowing large num-
bers of virus-infected transgenic plants to be screened. Stable viral
chimeras (mutant luteoviruses expressing the GFP gene) can be used
to challenge transgenic plants. The fluorescent reporter protein




efighbes rapdd screening ol a large number af planis by U Tight, Thus,
events such as heteralogous encapsidation, RMA recombiration, and
syrergism are likely to be identified, even if they pocur at a low
frequendy.

Main findings and outcome

A reporter system producing full-langth Infectious BWYY and PLRV
clones and the UNsvisible marker (GFP) s being developed, The first
generation of BWYV-GFP chimeras has been constructed in which the
aperon encoding the capsid-associated proteing has bean replaced by

GFP exprassion by fhe fing? genemtion of

GFR, ar in which part of the mirar capsid protein has been replaced by BWYVLGFP in protepasts (Iop fight penel and
:FP These canstructs are infectious to pratoplasts and produced free bottom rght pare(l and iv o plant mesaahT
il {ieft pamell.

GFP, which located uniformly throughout the cytoplasm ar as Auares.
cent aggregate bodies. When agro-inorulated into plants, the infec-
tions wene confined to single calls at the inscalation paint, Stabitity of
GFP expression 15 alsa heing invvestigated, This is required to rapldly
monitar a karge nuembar of 1est plants in & nor-lnyasiee manner, This
approach permils scientists and breedars to gather sufficient data for
statistical analysis, fram which the limits ol the associated fisks can be
detErmined,

This research can be used to examine several important features.
Firstly, to assess whether these plans can encapsidate patata spindle
tubeer viraids, Im addition, it should identify RNA recombinations
batwean luteavitus-derived tramsgenss and inlecling BWYY ar PLREV,
and between Potelo vires A (PyAl-derived transgenes and infecting
luteoviruses, Secandly, it shoold kendily helernlogous encapsidation
of BEWYW and PLEV in transgenic plants expressing luteowviral capsid-
associated predeins, Thitdly, the accurmence of Synérgism belwesn
potyviral ransgene praducts ireabved [nvius mosement, and infecting
lutedvirugses can be identified, Finally, procedures that evaluate the
likelihood of these undesirable evenis can be ideatified, particulasy in
relation (o naturally ocowming mixed infecliond of the vituses and
virpdds Irvodtved.

Conclesions

These methods should prove to be of enormous value and will be high-
Iy applicable ta regulatory guidelfmes in e European Unicn. 0 addi-
tlan, they shauld encourage European public confidence in the use of
transgenic resistance in agriculture. Furthermare, the availability of
efficlent risk assessment systems will ald breeders in designing and
tesling secand gereration transgene comstrects in wikich the risks af
recombination and transeacassidation are aiready minimesed,
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The mechanisms and control of
genetic recombination in plants

Background and objectives

Biotechnology relies to a large extent on our ability to introduce for-
eign genes into cells. A major problem with present day technology is
the non-predictability of the integration of such transgenes. DNA intro-
duced into plant cells mostly integrates at random, i.e. at non-prede-
termined positions of the genome. The biological process ultimately
responsible for random integration is known as illegitimate recombina-
tion. DNA integrated at random frequently contains multiple copies and
often copies are scrambled. Multiple copies also often induce gene
silencing and hence instability in the expression of the introduced
genes. In addition, the DNA integrates at loci of unknown stability and
capacity for expression and randomly integrated copies may induce
unpredictable and undesirable mutations in the host genome. Gene
targeting is based on homologous recombination and thus allows the
integration of DNA at predetermined positions and therefore allows
precision manipulation of genes. To make gene targeting commonly
available as a tool for plant biotechnology, illegitimate and homolo-
gous recombination pathways need to be studied so as to allow the
development of reliable and efficient gene targeting methods.

The consortium aims to identify and analyse the control and molecular
mechanisms of genetic recombination in plant cells. An understanding
of these processes is expected to provide the means to:

1) control the chromosomal location and structure of transgenic loci;

2) control the level of recombination;

3) understand the way in which plants sense chromosomal integrity
and DNA damage.

Approach and methodology

Genetic and biochemical methods were used to identify key parame-

ters or key genes that determine the efficiencies of homologous and

non-homologous recombination in plant cells. Factors stimulating the
homologous pathway were over-expressed and the expression of fac-
tors promoting non-homologous recombination was suppressed. The
effects on gene targeting were then studied in model systems.

Main findings and outcome

Homologous and non-homologous recombination pathways govern the
fate of DNA after transformation. To improve gene targeting, either the
non-homologous pathway needs to be suppressed or the homologous
pathways must be stimulated. Several avenues were pursued to




stimulate the homologous route. Mutants were generated which exhib-
it elevated levels of homologous recombination and these mutants are
currently being analysed. DNA damage repair and homologous recom-
bination share part of their pathways. Therefore mutants sensitive to
DNA damaging agents were isolated. One of the genes isolated this
way contributes to the maintenance of chromosomes and has also
been shown to be important for efficient homologous recombination in
plants. Over-expression of a bacterial recombination protein has been
shown to stimulate homologous recombination in plants. Despite this,
the protein does not increase the frequencies of gene targeting when
Agrobacterium is used for transformation, presumably because this
recombination protein cannot access its substrate when the
Agrobacterium DNA delivery system is used. In line with this observa-
tion, once recombination is initiated, however, this protein improves
the precision of the recombination reaction. To etucidate the non-
homologous pathway of recombination, various plant genes involved
are being analysed. To facilitate this study, a yeast system was devel-
oped which allows the analysis of the T-DNA transfer process in yeast.
This system makes the power of yeast genetics and its repertoire of
recombination genes available to plants. A key discovery was that the
non-homologous pathway apparently is suppressed in tissues with
high rates of homologous recombination. This finding allows a rational
approach to the suppression of non-homologous recombination in the
cells routinely used for plant transformation.

Conclusions

Although our understanding of the general biology of recombination in
plants is constantly improving, we still lack the knowledge for precision
engineering of plants' genes. A further investment in basic mecha-
nisms of recombination will be necessary to develop gene targeting as
a tool for the genetic manipulation of plants.
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Control of gene expression and
silencing in transgenic plants

Background and objectives®

The introduction of novel traits in plants is an extremely powerful tool
in agricultural research and development. Engineering such traits can
be classified into two groups. Either the introduced gene encodes a
protein which itself brings a new structural or regulatory property to
the plant, or the transgene serves as a tool to regulate the expression
of an endogenous gene or gene family. For both strategies, it is essen-
tial that the engineered trait behaves as expected, over several genera-
tions and in different genetic backgrounds. A process known as gene
silencing leads to alterations in gene expression. Extensive selection
programmes performed by several biotechnology companies and in
research laboratories, have shown that only a minor fraction of the
transgenic lines obtained, meet the plant breeders' requirements.

The aim of this project was to develop 'know how' for strategies that
maximise the chances of obtaining stable activity of transgenes, by
understanding the molecular mechanisms (transcriptional and post-
transcriptional) that regulate gene silencing in transgenic plants.

Approach and methodology

To identify the structural and context-specific requirements for the sta-
ble expression of transgenes, we wished to define the influence of
transcription, DNA sequence, DNA methylation, sequence homology
and secondary structures on gene silencing. Likewise, the role of the
genetic background and the spatial arrangement of homologous
sequences in the chromosomes and in the nucleus was also examined.
Secondly, to understand and exploit gene silencing mechanisms, we
studied the importance of RNA transcription, the production of aber-
rant transcripts and antisense RNA and the spatial arrangement of
homologous sequences and transcripts. Finally, environmental and
physiological conditions that favour stable transgene activity were
defined by conducting a comparative study of factors favouring stable
expression or gene silencing.

Main findings and outcome

As a result of the work of the silencing network, we now understand
that transcriptional silencing is due to chromatin remodelling processes

(1) This project was a direct follow-on of the Training and Mobility of Researchers
network “Gene silencing in transgenic plants: Molecular analysis of underlying
mechanisms and approaches towards stabilisation of transgene activity”
(Contract Number: CHRX-CT94-0530; Contractual Period: 01.11.1994 - 31.10.1997).




which package the transgene DNA into a chromatin structure blocking
the access of enzymes required for its transcription. Certain structural
features, especially inverted repeats and other repetitive elements,
appear to be recognised as specific targets for transcriptional silencing.

Post-transcriptional gene silencing (PTGS) is due to specific degradation
of transgene RNA and also targets any other RNA with homology to the
transgene, but does not affect transcription. PTGS therefore blocks the
normal processing pathways of the transgene, and of endogenous genes
which share homology with the transgene. A certain threshold level of
transgene RNA is needed to induce PTGS and our studies have shown
that specific structural features, such as stem loops, strongly enhance the
susceptibility of a transgene to PTGS. This suggests that PTGS requires
the production of double-stranded RNA. These results will be most valu-
able for the design of transgenes with highly enhanced PTGS features.

This project includes two research laboratories working on gene silenc-
ing mechanisms in filamentous fungus. Studies in Neurospora crassa
enabled cloning of the first genes that have been identified as encod-
ing proteins involved in PTGS. Genes with a similar function are proba-
bly responsible for PTGS in plants, making the Neurospora crassa
genes highly valuable for future collaborative work seeking to prevent
or enhance PTGS via modification of the activity of these crucial genes.
Other partners in this project have identified genes involved in tran-
scriptional gene silencing as well as specific target sequences for tran-
scriptional silencing, allowing us to make predictions and recommen-
dations to the scientific community about the likelihood of transcrip-
tional silencing for individual transgenes.

Other results from the project have demonstrated the importance of
considering genetic background (choice of cultivar) as a factor influenc-
ing the level of silencing of an endogenous gene. Furthermore, it was
shown that RNA signals can trigger promoter methylation and tran-
scriptional silencing and that viral sequences can be integrated into
plant DNA and contribute to plant genome evolution. From our investi-
gations, it was clear that gene silencing mechanisms are not specific
for transgenes but that they represent ancient tools which have
evolved to protect plants against mobile elements, such as trans-
posons or retroviruses, and for protection against viruses.

Conclusion

This research should assist breeders and farmers to define culture con-
ditions and propagation techniques that improve the control of gene
silencing. The collaboration of the network partners has not only
opened a route towards improved control and exploitation of gene
silencing mechanisms, it has also provided new insight into fundamen-
tal regulatory mechanisms used by plants, filamentous fungi and, quite
probably, most other higher organisms.
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EcoTub: An ecologically safe
selection system for transgenic
crops based on modified
plant-tubulin genes

Bael eround and abjectives

These is substantial public concern about 8 palential spread of antibd-
otic resistance genes in the soil and intestinal bacteria as a consa
guenca of the use of genetically modified crganisms, and in particular
of 1he agriculiural use of transgenic crops, & selection system for plant
transformation that is eaclusively based on genetic information already
present in the hast pland and that does not require antibiotic résistance
gen@s would avpid any such nsk. This project, which has just startad,
alms 1o develop such ecologically safe systems for cereals. The projert
is hased upan truncated ubuling lacking the binding Site lar carba-
mates. Plants carryling the genes encoding such truncated proteins will
be resistant to carbamate herbicides thereby allowing selection, The
praduction of the truncated tubuling will be driven by the tubulin's awn
promaters within DA fragments devold of farelgn sequences. The
suitabiltty of this selection system will be aralysed using rice as a
mide] cenedl crop and the rice gene far phylachrome as & test gens,

Rice paviicie
Fhigre; PRI Universily of (eeds
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tie lemgeh growdh of e planr is Sacked [Tfe plavits become
shovienedl. T i the physiciogical mespante, whers h adbvain
gene TLA2 & mporioat




Approach and methodoioey

A salection marker cassette coristing of the tubulin pramater, coding
seguente for alpha-tubulin conferring resistance to carbamate herbi-
chdes, and full-length beta-tubulin will b consfrucied. Selection and
tramsformation pratocosls basad on carbamates will than be aptimised.
The selection marker cassette will then be used loe catransfarmation
with mice phytochrame as madel and the expressian and functlonality
af the transgene will be assayed.

Throughaut this work, the approach will be based op “clean DHA" terh
nology, which invalves avalding the use of extraneous backbaone and
weErlar S8 gUuEnces.

#ain findings and outcome

This praject which is just starting is eapected 1o generate the following
resulbts. The sequences of various different rice alpha- and beta-
tubulins will be determined and their promoters isolzted, Yariants of
rice alph&-tubulin with & trencated or modified C-rtermirnss will be
constructed. Yertors will then be made from these elements,

Protocols for hamologous transfection into rice embryos will be devel
oped mvolving tesds for confered carbamate resistance. The ciaan-
DHA system will then be validated using the rice phytochroms gene
Phytochrmome expression and functionality in ransformed cells will be
investigated and carbamate resistance and phytochrome peerexpras:
sbon during development and propagation of transgenée planls
analysed. This will also include fests far potential negative effects of
tubulin expression on plant development,

Lonclusians

This project will contribute to a clean DNA technalogy b minimise the
risks associated with genetically madified organisms. In addition ta the
advantages of reduced risk, this shoubd also improve public seceptance
of genetic medification techmalogy. in particuiar, rice plants will e pra
duced that are resistant to a herbicide (carbamate} but that do mot con-
tain amy DNA sequences aff Fareign origin.

i Figure 2, the e seealings shows ore from
itha weild Pype (WT) that hove been dreated math
conbamate Rivhiehdes (+EPC) - nare thi g
shunied and malfommed sesdfings kv compad:
v i fibe wmtreated [FE00) comtrol, where the
surpellrgd ane Slaaloh and kowg, The corhe-
mples desToy Avorlabates o s Bipck
cell elowganion. § the wild type fbulls is
repizced’ by @ mutoled form, where oniy one
s /5 eschaviged (Teading o o precocka
shoy codon and o Ciemmimally rungaled prodk
uetl, the rarbamare oo Bing s fonger and
tive respeciive seeding bs sfroight e kang as
(& bt i) gepirinised! B sl (ERAL

Such seediings chanpe thair growtlh patfemis,
for msrnge, as shgms i Ajwe §; oy pro-
dude fanger ovgans in Hhe ernEn depending
on wheffer ey hove one (ER31) or dwo
[ER91™) coples ol the mutated game,

Figure § shows e response of microfwboiey
T e gt geomdit fegavalor ik i He il
T (WTT and in planiy waTl e moranesd
rutulr geee (EF3al. Micomobules mode up of
five mufoted tubadin dre able o produce prop-
£y mvcrtibedes, bl Mive arcrodubudies ao
Inagar respand 1o fhe groweh reguizio, and
ey maintadr o mone or kess iongitudisal
anenation,




- Research project =i st

Contract number
BAP-0489/0490/0491/0492

Period
January 1989 — December 1990

Partners

¢ .R, Fredshavn

" The Royal Veterinary and
Agricultural University
Frederiksberg (DK)

* S.M. jensen
The National Forest and Nature
Agency
Hersholm (DK)

¢ P. Olesen
Danisco A/S
Copenhagen (DK)

o F.D. Eriksen
Ministry of Food Agric. & Fisheries
Seborg (DK)

Major publications

¢ Fredshavn J.R., “Competition in
monocultures of oilseed rape and

barley. Acta Agric. Scand., Sect. B”.

Soil and Plant Sci., 43, 1993,
PP. 38-44.

e Fredshavn J.R., “The use of substi-
tution rates to describe competi-
tion in mixed plant populations.
Acta Agric. Scand., Sect. B”.

Soil and Plant Sci., 44, 1994,
PP. 47-54.

® Fredshavn J.R., Poulsen G.S.,
Huybrechts I. & Riidelsheim P.,
“Competitiveness of transgenic
oilseed rape”.

Transgenic Research, 4, 1995,

PP. 142-148.

ESO\ FOR =S el an ¥y RIS

Quantifying changes in
establishment ability and
competitiveness of genetically
modified plants

Background and objectives

Before transgenic plants can be released into the field, approval must
be obtained from regulatory authorities established to control and
monitor the dissemination of genetically modified organisms (GMOs).
This approval process includes an assessment of the ecological and
genetic risks which may be posed by the transgenic plant. In order to
standardise this assessment, there is a need for quantitative and
reproducible methods to test the performance of transgenic plants in
relation to their non-transgenic varieties.

This project aimed to establish a method for the quantitative risk
assessment of transgenic plants before their release into the field. The
second aim of the project was to test the stability of expression of a
marker gene that is commonly used in transgenic plant technology to
identify the presence of specific GMOs which have been re-introduced
into the environment.

Approach and methodology

We investigated three separate stages in the life cycle of a transgenic
plant: establishment, competition and reproduction. These stages are
representative of the overall life cycle of the plants under conditions
relevant to risk assessment of GMOs. To test the establishment ability
of the plants, we measured the persistence of transgenic plants after
exposure to different light conditions. We applied a non-linear model to
describe the competitive ability of the tested plant material both in
mono-cultures and in two-species combinations. The reproductive abil-
ity of the plants was quantified by counting the seed production of the
test plants. We also measured the expression of the GUS-marker gene
in transgenic tobacco exposed to different environmental stress condi-
tions, i.e. low temperature and shading.

Main findings and outcome

We detected no significant change in competitive ability during the
growth season in the single species or in the two-species plant mix-
tures. The reproductive ability of the tested plants was closely related
to the biomass production and thus to their competitive ability. The
methods to test establishment ability under low light conditions gave
no conclusive results. The expression of the GUS marker system




(355;GUS) was found to be affected by the environmental stress fac-
tors chilling and shading. When the environmental stress factors were
removed, the normal expression pattern was re-established in the new
leaves, but not in the old leaves.

These experiments allowed us to quantify the competitive ability of GM
tobacco plants relative to their non-GM counterparts. This result was
further examined in a follow up study “Safety assessment of the delib-
erate release of two model transgenic crop plants, oilseed rape and
sugar beet” (BIOT-CT91-0298, p.oo) to include different transgenic vari-
eties. We noted signs of temporal changes in competitiveness, an issue
that was also further addressed in the follow-up study project.

Conclusions

The project developed a useful method to test competitive ability and
seed production of transgenic plants under both greenhouse and con-
trolled field conditions. Use of the GUS marker gene to identify trans-
genic plants in selection protocols and test procedures is complicated
by the influence of growth conditions on expression levels and patterns.

Agronomic, environmental
and genetic assessment of
transgenic crop plants

Background and objectives

Genetically modified plants have been well characterised on a limited,
experimental scale but further information is required before they can
be incorporated into large-scale, commercial plant breeding pro-
grammes. It is necessary to establish the stability of the modifications
in different environments over many generations, and to develop effec-
tive monitoring methods.

Approach and methodology

To obtain information on the safety of genetically modified plants, we
compared modified and non-modified plants in a range of agricultural
environments. A series of field trials was designed to determine
whether the modified plants differed from the non-modified plants in
any aspect other than the specific character conferred by the intro-
duced genes. Most of the modified plants contained marker genes,
intended for experimental use, that were not expected to improve plant
performance.

* Fredshavn ).R., Poulsen G.S.,
“Growth behavior and competitive
ability of transgenic crops”.

Field Crops Research, 45, 1996,
pp. 11-18.

¢ Fredshavn J.R. & Pouisen G.S.,
“Competitiveness of transgenic
plants”, Proc. of the "Le Louverain"
symposium Gene Transfer: Are Wild
Species in Danger, FOEFL, Bern,

1994, Pp. 31-35.
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Main findings and outcome

We produced lines of genetically modified plants in which the intro-
duced characters were stable and inherited as expected. Small differ-
ences between the plant lines used in this study were detected. We aim
to determine the basis for these differences and whether this result is
generally applicable.

The spread of pollen from modified plants was monitored by screening
seeds from non-modified plants, grown nearby, for kanamycin resist-
ance (that is one of the introduced characters). This method enabled
100,000 seeds to be screened per trial.

Conclusions

Practical experience gained in this study led to the development of
methods to perform and to monitor small-scale field trials using geneti-
cally modified plants. We demonstrated that genetically modified plant
lines are stable in field conditions.
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“. B Introduction

Microbes that help plants to grow

Marco Nuti,
Dipartimento di Chimica e Biotecnologic Agrarie,
Universita di Pisa (IT)

Plant growth promoting micro-organisms are very
important in agriculture. They include bacteria and
microfungi which can have either direct beneficial
effects on crops, for example, by producing substances
which help protect plants from pathogens or increase
nutrient uptake in roots, or indirect effects, for example,
by enhancing nutrient mobility in soil. Some of them
can contribute to pollution bioremediation through their
ability to degrade xenobiotics.

Because of the relatively widespread use of these
microbes in agriculture and the possibility to improve
useful traits via both conventional genetics and rDNA
techniques, it was important to develop tools to expand
our knowledge on how to track them in the environ-
ment, and to assess their fate, particularly when des-
tined for large-scale environmental releases. The experi-
mental approach was necessarily multidisciplinary,
starting from a better definition of the biodiversity of
selected microbial groups, then improving methods to
identify strains and species, and developing tagging
strategies and environmentally friendly methods for
monitoring genetically modified microbial inoculants.

Identification of microbial isolates can be achieved via
phenotypic traits as well as by molecular fingerprints. In
the former, samples from colonies are thermally degraded
under vacuum (pyrolysis), and the fragments produced
are ionised and analysed by mass spectrometry. Strain or
species fingerprinting is also possible using arbitrary
primers annealing at low stringency to the template DNA
from the regions between closely spaced primers. In addi-
tion, high-resolution automated microbial identification
methods were developed, allowing reliable and repro-
ducible identification of several bacterial species. Other
genomic fingerprinting techniques have been developed
or adapted, including AFLP, rep-PCR analysis of DNA pro-
files by pulsed-field gel electrophoresis in a contour-
clamped homogeneous electric field (PFGE-CHEF). All the
above methods successfully monitored bacteria which

interact directly with plant roots, i.e. rhizobia-forming
nitrogen-fixing nodules, Azospirilli, and beneficial
Pseudomonas. Some techniques can also be adapted to
vesicular-arbuscular mycorrhizal fungi.

Particular emphasis was devoted to developing marker
genes other than those for resistance to antibiotics, and
catabolic genes such as lac SY were used as appropriate
reporter genes for Rhizobium and Bradyrhizobium. The
sensitivity of detection can be improved substantially
when strong promoters are used, or by replacing the lac
promoter with inducible promoters responding to unre-
lated environmental signals. Among the marker systems,
gus and lux were also used; however, it appears that gfp
has greater potential and is easier to use.

By using the above techiniques, alone or in combina-
tion, the fate of genetically modified microbial inocu-
lants was assessed upon release into the environment.
The following results were obtained:

- In general, GMM behave in a similar manner with
respect to the non-modified parental strains;

- Some agronomic factors, such as the depth of water-
table, can affect the survival of introduced inoculant;

- The persistence of Rhizobium, Azospirillum and
Pseudomonas, monitored over several years, and dif-
ferent crop cycles, remained around 102 - 103 per gram
of soil for rhizobia, and below detection limit for the
other two;

- The genetically modified plants and microbial inocu-
lants used do not have a negative impact on the indige-
nous microbial population (soil microbial biomass,
selected soil micro-organisms, microbial activities);

- Gene transfer from GM bacteria to soil microbiota is
possible, although in some cases the occurence
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appeared to be rare and often limited to non-function-
al DNA fragments; the time-scale of the genetic flux is
unclear; and

- New information is now available on bacterial popula-
tion behaviour and factors affecting the signalling
among members (quorum-sensing); new information is
also available on the viable-nonculturable state of
microbes, as opposed to the viable and culturable
state. Factors such as oxygen or nitrate can affect
modulation between the two states.




Transgenic releases, analysis
of gene flow and fluctuations
in indigenous bacterial
communities

Background and objectives

To assess the risks of releasing genetically modified (GM) bacteria into
the environment, baseline studies should include the population struc-
ture of related indigenous strains, genetic interactions within such
populations and with other bacteria, the maintenance of genes and the
fluctuations in the genetic composition of populations that arise due to
normal agricultural practice. Rhizobia are bacteria that survive in soil,
colonise the rhizosphere, and form nitrogen-fixing root nodules in sym-
biotic association with compatible legumes. Being of hiotechnological
importance, and essential for developing sustainable agricultural sys-
tems, they are an excellent model for environmental risk assessments.
In earlier studies, GM rhizobia designed to detect gene transfer were
released in the field and Polymerase Chain Reaction (PCR) primers
were developed to study the distribution of genetic elements in native
strains. These molecular tools can be refined for more detailed exami-
nation of population stability and gene flux within rhizobia, between
rhizobia and other bacteria, and with the introduced inoculants. Crop
rotation has a major influence on soil microbes and its impact on these
populations needs to be considered in such studies.

This project explores these issues in rhizobia, providing a context for
studies on the potential for gene transfer between inoculant and
native strains.

Approach and methodology

Molecular tools developed in a previous European Union project
include PCR primers to amplify plasmid replication genes (rep) and
insertion elements (IS) in rhizobial populations and bacteriophage
genomes. One property of plasmids is transfer ability, but little is
known about the genes involved in this (tra, oriT) in rhizobia. The mer-
cury resistance gene mer, is commonly found in plasmids isolated from
the environment. The distribution of these genetic elements will be
assessed in rhizobia, including inoculant strains and other microbes,
from sites where GM rhizobia were released. The impact of different
agricultural practices (crop rotation, herbicide use, etc.) on the micro-
bial population structure and the GM inoculants will be investigated
using both cell culture and molecular methods.
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Survival of GM rhizobia in the field
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The GM inoculant CTo370 survived at levels similar to the native field population of
Rhizobium leguminosarum biovar viciae for the first two years after release, in
contrast to RSM2004, released at the same site during a previous biosafety project
funded by the EU.

Main findings and outcome

An examination of IS showed that one Sinorhizobium IS was similar to
a previously unrecognised IS in Eschericia coli. Three newly identified
rhizobial IS form a group that can be invaded by a group Il intron. This
is important because these are ribozymes that can confer gene insta-
bility and may encode reverse transcriptase. Additional group Il introns
identified in different rhizobia, appeared to be truncated.

PCR primers designed from the tra genes amplified the oriT region in
four Rhizobium strains. Sequences from two were identical but only a
minority of plasmids screened, hybridised to oriT probes although they
did hybridise to a well-characterised self-transmissible plasmid. New
repC primers could identify the replication genes in a range of rhizobial
species but sequence analysis indicated considerable divergence, with
no obvious relationships between chromosomal background and plas-
mid at this scale. New repC sequences were obtained from at least eight
different S. meliloti native isolates and from other rhizobia.
Amplification of repC sequences from DNA extracted from soil microbial
communities demonstrated their ubiquity and diversity in microbial
populations, reflecting other results showing oriT and repC diversity in
different groups of rhizobia. Some mer plasmids at the release site
could transfer to rhizobia, but no natural transconjugants were isolated.

A temperate phage from the release site could lysogenise one release
strain but no evidence for transduction was found, in contrast to a viru-
lent phage isolated previously. Primer sets were designed to identify




sequences arising from related phages. Analysis of 4o field isolates
showed sequences that are similar to the virulent phage were present
in 14% of isolates, with sequences from the temperate phage present
at the same frequency but in different isolates. This indicates that
phage infection is common in the field and confirms the potential
importance of phages in horizontal gene transfer.

No clear crop or herbicide effects on numbers in different groups of
culturable soil bacteria were seen. However, a GM rhizobial inoculant
lacking its symbiotic plasmid, but which survived relatively well in bulk
soil, was undetectable in the rhizosphere of its original host, the pea.
In contrast, a symbiotically competent inoculant showed a 100-fold
increase, indicating that this property confers a selective advantage in
the host rhizosphere, although no evidence of symbiotic gene transfer
to the GM inoculant was found.

Conclusions

A large diversity of genetic elements in rhizobial populations and evi-
dence of genetic interactions between different genera, and with less
closely related bacteria, was clearly shown. Thus, there is considerable
genetic flux within populations in field soil, although the time scale is
unclear. The presence of a host plant offers a selective advantage for
symbiotically competent rhizobia and could be a ‘hot spot’ for gene
transfer but the frequency is too low to determine with the methods
available.
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Background and objectives

Coordinator
Bacteria used as agricultural inoculants can be improved by genetic P. Hirsch
manipulation. This includes modifications to minimise the transfer of IACR-Rothamsted
novel genes to other microbes in the environment. Nevertheless, Harpenden (UK)

indigenous bacteria can transfer their DNA to inoculants, resulting in
new, potentially undesirable gene combinations. Rhizobia, bacteria
that form nitrogen-fixing root nodules in symbiotic association with
compatible host legumes, are the most important plant inoculants in
Europe and world-wide. They are potential targets for genetic modifica-
tions, and can be used as a model for modifying other soil bacteria.
There are several mechanisms by which bacteria can exchange genetic
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Moniforing GUS- marked rfilrobin

material. and rhizobia are known to carry forms of DNA [conjugative
plasmids and bart:rfﬂphag:&] that can fransler befween Lirains, often
canferring slgnificant novel properties. For example, in many rhizabial
genera, symbiotic genes are known to gccur on large plasmids.
Plasmids and hbl_'h:rinpl'lagcs may alga medizle the transfer of other
plasmids, genes and transposable insertion (5] elements.

This praject investigated gene acquisition by rhisabial moculants from
niative bacterla in the fleld, to provide baseling information relevant e
biosafety risk assessments,

Approach and methodology

Genelic elements including plasmid replication ariging, |5 elements
and bacteriophages, in naturally-occurring rhizobdal populations wers
isalated and characterised, This facilitated the design of molecular
tels far detection of genetic elements, collection of infermatian on
their distribution within populations, and the saarch for evidence of
transfer to ingoulant strains, In the course of the project, rhizobial inoc-
ulants designed ta act as accepions of indigenous genelic elaments,
were refeased, Thase strains were re-isolated from the feld together
with established, previousheintroduced rhizobial populations, and
soraened for the acquisition of genetic elements presant in the nalive
rhizahial population,

Miain findings and outcome

FMasmid replication origing lrom Ehizobium leguminosom and
Simgvhizobivm melilot were claned and seguenced to design FLR
primers Lo amplify repc from field isolates. Four repC families were
found in B legumdnosanen isolates from Dijon, Bieleleld, Edangan and
Rathamsied, Two repC groups were dentified in 5. melifod, one was
widespread and was also found in &, fropici,

Primers were designed to amplify 15 elements from field Isalates, and
the distributicn of the various elements was assessed in inoculant
dlraird and field populations. One & feguminosarnsm 15 isolate fram
Dijon was ldentlcal to an independenthy isolated 15 from Bislefald.
Similar sequences were detected In 15 from 8, legumimasarem and

5. mediTori, and using primers for two 5. melitol 15, amplified related
elements were detected In B, fegaminasonm, Five completely new

5. mellofi 15 were found, one with ga% sequence similarity Lo a
Methydobactenium 15,

The majority of B legumingsarem field isolates were lysogenic, and
bacteriophages were isolated from soil. A virulent phage Isolated from
& fleld release site could transduce genes in one inpeulant strain,




To measure gene acquisition in the field, an R. leguminosarum strain
that had lost its symbiotic plasmid, had a gusA marker gene inserted in
its chromosome. This strain, CTo370, could form nodules only after
acquiring a new symbiotic plasmid, and the nodules could be readily
identified because of their gusA expression. After field release at
Rothamsted, >20,000 nodules were screened for gusA but no expres-
sion was found. In addition, 1000 CTo370 re-isolates were screened
after two years, for the acquisition of repC groups | and || using PCR,
but all were negative. Similarly, 500 colonies of a previously-released
inoculant strain re-isolated after 8 years, were screened for ISRm3 but
it was not detected. In Dijon, an estimated 125,000 T2 inoculant bacte-
ria released 7 years previously, were screened for IS and repC. One re-
isolate was repCil-positive and appeared to have a small plasmid that
was lost with subculture, so it could not be verified. In Granada, 27,000
nodules formed by an S. fredii inoculant were screened with primers
for 1S which are present only in the native population, but expression
was not detected in the inoculant.

Thus, fewer than 4x10-5 S. fredii acquired an IS element. The frequency
of transfer of the symbiotic plasmid CTo370 was less than 5x105 per
donor, and the Dijon results indicate a possible frequency of 8x10-¢ per
T2 recipient.

Conclusions

Genetic elements were found to be ubiquitous in rhizobial populations.
Related elements were present in isolates from soils throughout Europe
and in different genera, providing circumstantial evidence that transfer
occurs in the field, although quantitative data obtained over the rela-
tively short time periods studied was mostly negative. This has major
ramifications for the safety of introducing genetically modified organ-
isms (GMOs) into the environment. Another important outcome of this
research was the development of a means of identifying various genetic
elements, providing a molecular toolbox for future investigations.
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Assessing the risks involved
in the release of genetically
manipulated micro-organisms

Background and objectives

Rhizobia are common soil bacteria that form nitrogen-fixing root nod-
ules in symbiotic association with compatible host tegumes. They have
been used as legume inoculants for a century, and as such, have been
and are still released in agricultural soils throughout the world. Since
they are also the most intensely studied and the best known soil micro-
organisms, we have chosen them as model bacteria to investigate inoc-
ulant survival and gene transfer between introduced and native bacte-
ria in the field environment. Improved strains of agriculturally impor-
tant bacteria can be obtained through genetic manipulation, and
implies their subsequent release into the open environment. However,
our knowledge of the fate and dispersal of bacterial inoculants after
field release is limited so it is difficult to predict if a given organism can
become established and exchange genetic information with native soil
bacteria. Circumstantial evidence that genetic exchanges between
strains of rhizobia occur in a field environment has been provided by
population studies. However, information on the time scale and on the
conditions in which these exchanges take place, is still missing.

The project aimed at increasing our knowledge in this area by introduc-
ing genetically marked bacteria into agricultural soils, and studying the
survival of these bacteria and the transfer of marker genes to native
strains in a field environment.

Approach and methodology

Genetically marked derivatives of Rhizobium leguminosarum bv. viciae,
the microsymbiont of pea, that harbour symbiotic genes on a conjuga-
tive plasmid (pSym) were released in fields in the three collaborative
countries, The strains were marked with genes conferring antibiotic
resistance on the chromosome by selecting naturally-occurring chro-
mosomal mutations, and on the pSym by insertion of transposon Tns.
By permitting direct isolation and enumeration of the released bacteria
from soils, these markers allowed the assessment of the survival of the
inoculant bacteria after their soil release. The transfer of pSym from
the released rhizobia to indigenous strains was investigated by screen-
ing pea nodule isolates for the acquisition of the antibiotic resistances
borne by Tns. Gene transfer from rhizobial inoculants and from a nitro-
gen-fixing bacterium suitable for release (Enterobacter agglomerans)
to a range of soil bacterial genera, was studied in the laboratory, in soil
and in agar media.
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Under laboratory conditions the inoculant strains could transfer the
Tns-marked plasmid, at frequencies varying from 101 to the limit of
detection 109, to other rhizobia on both agar media and in sterile soils.
However, soil transfer was only detected when each parent was pres-
ent at 106, a level seldom reached by rhizobial populations in field
soils. The narrow host-range plasmid present in E. agglomerans could
only be transferred to very closely related strains.

In the field there do not appear to be special factors that greatly
increase the frequency of genetic interactions above those observed in
laboratory conditions, since no transfer of Tns to the more than 104
rhizobia isolated from nodules was observed.

Conclusions

The use of genetically modified rhizobia in field experiments, facilitated
by the Tns marker, generated widespread interest and provided data
on factors affecting survival and spread of inoculants. No transfer of
marker genes was observed in the field, probably because levels
reached by the field population are too low to support detectable fre-
quencies of transfer during the time period that the experiments could
monitor. The release sites have proved useful for subsequent experi-
ments on inoculant spread and survival in the field.

Studies of interspecific gene
transfer, maintenance and
expression in nature

Background and objectives

It is not known to what extent spontaneous gene transfer occurs in
nature, nor the species limits to such transfer. This information is
important for a realistic assessment of the effects of the release of
genetically modified organisms (GMOs) into the environment. Given
that plants and microbes share a microcosm, it is likely that transfer
could occur between them. There are three principal questions which
can provide information about this process. Firstly, is the gene(s) trans-
ferred? Secondly, is it expressed? And thirdly, is the expressed product,
biologically active in its new environment?

The aim of this project was, to examine the potential transfer of DNA
between rhizobial bacteria (common soil bacteria that form nitrogen-
fixing root nodules in symbiotic association with compatible host




legumes) which exist in close symbiotic assaciation in the symbiotic
plant organ designated root nodule.

Approach and methodology

We examined the transfer of the megaplasmid 2 between Rhizobium
meliloti strains using the gentamicin acetyltransferase gene aacC1 as a
marker. This gene was inserted in the megaplasmid 2 of R. meliloti via
the transposon Tns-Gmmob which additionally to the aacCz gene pro-
vided the target for conjugation transfer factors. To examine gene
transfer between two bacterial strains in the alfalfa root nodule, it is
necessary to ensure that both strains are present inside this plant
organ. Therefore, we employed complementary R. meliloti mutant
strains which were either nodulation defective or infection defective,
which ensured that functional nodules would only form if both mutant
strains were present inside the nodule. In detail we analysed gene
transfer in the infection threads of the root nodule during coinoculation
with the two rhizobial mutants. To ensure optimal laboratory condi-
tions for horizontal gene transfer we performed also filter matings with
the two rhizobial strains.

Main findings and outcome

The inoculum containing both strains, filter matings and the inside of
the nodules of coinoculated alfalfa were examined.

The lowest level of plasmid transfer occurred in the inoculum.
Furthermore, it was noted that plasmid transfer induced by the broad
host-range plasmid RP4-4 which provided the transfer factors for con-
jugation was highest in filter matings. Filter matings were used to pro-
vide optimal laboratory conditions for plasmid transfer. On the other
hand, these experiments resulted in the observation that one of the
two R. meliloti megaplasmids was able to self-transfer in filter matings
without the help of RP4-4. The mobilisation of megaplasmid 2 induced
by RP4-4 occurred at approximately the same frequency in filter mat-
ings and inside the nodules. RP4-4 independent self-mobilization of
megaplasmid 2 was not detectable in the nodule.

These results indicate that the nodule creates conditions for plasmid
transfer that are comparable to the optimal conditions created artifi-
cially in the laboratory.

Conclusions

This study showed that DNA can be transferred between rhizobial species
within the root nodule where bacteria are in particularly close association.
These findings highlight the need to closely monitor the potential biosafe-
ty risks associated with the transfer of foreign DNA between bacterial
species and also between bacterial species and plants.
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Exploitation of Chinese
biodiversity resources In
sustainable crop production,
using a biotechnological
approach for rhizobial diversity
evaluation, strain improvement
and risk assessment

Background and objectives

Symbiotic nitrogen fixation, which occurs in the rhizome of many
legumes, is of major importance for sustainable food production. China
as a region offers one of the broadest spectra of rhizobial biodiversity
in the world, but its natural resources are as yet underexplored and
underexploited for sustainable production of agricultural products. By
characterising Chinese rhizobial biodiversity resources, especially by
using molecular methods for bacterial characterisation and identifica-
tion, and testing strains for nitrogen fixation capacity in controlled and
in field conditions, we aimed to create collections of rhizobial strains to
be used as inoculants or to serve as gene pools for future inoculant
development. At the same time, we developed methods for monitoring
genetically modified inoculated bacteria in the field, such as marker
genes and molecular fingerprints.

Approach and methodology

The marker genes lux and gusA were used to tag wild-type, efficient
strains of Mesorhizobium huakuii, which nodulates Astragalus sinicus.
The strains were first tested in greenhouse experiments for nitrogen
fixation ability, competitiveness and persistence, and good, marked
strains were used for inoculation in the field. The genomic fingerprinit-
ng techniques, AFLP and rep-PCR, were applied to Mesorhizobium
huakuii and Bradyrhizobium sp. (Arachis hypogaea), that nodulate
peanut. Both methods gave fingerprints which could be used to distin-
guish single strains out of collections of several hundred isolates from
different parts of China.

Main findings and outcome

Field experiments with Astragalus sinicus showed a range of effects
from good to remarkable of inoculation on nodulation and nitrogen fix-
ation. The results indicated that Rhizobium inoculation could greatly
increase the plant biomass of Astragalus sinicus. Since there were few
indigenous rhizobia able to nodulate A. sinicus, the nodule occupancy
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Risk evaluation for genetically
modified microbial inoculants

Background and objectives

Soil microbes may be modified genetically for agricultural applications
by traditional methods or using new recombinant DNA technology. In
either case, little is known about the survival, persistence and disper-
sal in soil of genetically modified microbes. It is also unclear how such
microbes are likely to be affected by environmental and agronomic fac-
tors. Monitoring the fate of microbes released into an open soil envi-
ronment may be difficult, particularly if the microbe concerned estab-
lishes a low-density population. However, such monitoring is essential
for risk assessment and environmental impact analysis, as required by
European Directive EC/220/9g0.

Approach and methodology

Tools were developed for the identification and characterisation of rhi-
zobial inoculants. The fate of genetically modified rhizobia was studied
during inoculant manufacture and storage and in the field, to identify
factors affecting the survival of the inoculant. Attempts were also made
to develop and to evaluate intrinsically biosafe soil microbial inoculants.

Main findings and outcome

Reporter gene systems showed that the genetically modified organisms
behaved similarly to the unmodified parental strain in test systems.
However, population dynamics depended on the intrinsic stability of the
construct used. Field experiments showed no correlation between the
physicochemical properties of the soil and survival but did reveal that
changes in the water table affected the survival of the introduced
microbes during the first twelve months, whether or not the host plant
was present. PCR techniques were used to check for changes in the
strain after inoculation. In general, it was possible to show that the
strains isolated were derived from the strain inoculated. However, in
one case, the available information concerning the inoculant was found
to be incorrect as the strain isolated was completely different from that
expected. At another site, two populations had developed from the orig-
inal strain. A vector system, the thy vector system, was developed and
tested under field conditions. This system decreased nodulation effi-
ciency but not symbiotic efficiency and was found to result in the stable
maintenance of the genetic trait in field conditions.




Conclusions

New systems were developed for the transformation of rhizobial
microbes, making it possible to transform microbes without the use of
antibiotic resistance cassettes, thereby reducing the risk of transfer of
these cassettes to other organisms, and providing opportunities for the
containment of genetically modified microbes. Methods were also
developed for monitoring genetic changes in the population. The only
factor found to affect the survival of genetically modified microbes in
the field was the height of the water table.
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Risk evaluation for genetically
modified micro-organisms

Background and objectives

The recent developments in gene technology have led to a situation
where it is possible to produce genetically modified micro-organisms
(GMMs). These GMMs can be used for a variety of commercial purpos-
es in agriculture. Some of these GMMs will be used in the open and are
therefore not contained and liable to escape. Little is known about the
survival, persistence and spread of micro-organisms in the environ-
ment, and it is therefore difficult to judge the risks associated with the
release of micro-organisms into the environment, whether or not
genetically modified. The aim of this project was to increase our knowl-
edge in this area of pre-normative research, with a special focus on
agriculturally relevant soil and seed inoculants.

Approach and methodology

The project aimed to develop appropriate marker genes for routine
detection and unambiguous identification of Rhizobium and
Bradyrhizobium subspecies in soil and the rhizosphere (around plant
roots). These markers were then used to assess the probability that
released strains, including genetically modified strains, will multiply,
survive and persist in sail and rhizosphere environments. Particular
emphasis was placed on the development of marker genes other than
the genes for resistance to antibiotics commonly used for this purpose.
Standard recombinant DNA and gene fusion techniques were exploited
to create novel combinations of expression systems responding to
unique environmental signals. The project used soybean, recently
introduced into cultivation in Italy, to provide a baseline study: this
involved analysis of soil properties, of the microbial community profile
and cropping history. The release of GMMs was then studied in this
system at the microcosm level.

Main findings and outcome

The catabolic 3-galactosidase genes (lacZY) and the genes for mercury
resistance were selected as appropriate reporter genes for use in
Rhizobium and Bradyrhizobium subspecies. The sensitivity of detection
of these genes was substantially enhanced by using strong synthetic
promaters or by replacing the lac promoter by inducible promoters
responding to an unrelated environmental signal, for example the pres-
ence of dicarboxylic acids. An elegant solution to the problems associ-
ated with the development of stable vector systems was developed
using chromosomally integrated thymidilate synthase genes taken
from a food grade micro-organism.




The second part of the project was the assessment of risks associated
with the release of these GMMs. Methods were developed to allow
accurate monitoring of released Rhizobia, both wild type and genetical-
ly modified. One method was pulsed field electropharesis of DNA
digested with rarely-cutting restriction endonucleases. Pyrolysis mass
spectrometry was also used. This involves igniting samples of the bac-
teria and passing the volatile combustion products through a mass
spectrometer. This approach is rapid and sensitive and allows bacteria
isolated from different soil types to be compared to each other and to
the inoculant strains. It can thus be used to study genetic drift. Wild-
type Rhizobia were found to survive well in most soils tested, and
there were no obvious soil characteristics that affected survival. The
genetically modified Rhizobia released in soil at the microcosm level,
behaved in the same way as the wild strains.

Conclusions

The vector system developed is a widely applicable and environmen-
tally friendly vector system. It can be used for introducing marker
genes into Rhizobia. Furthermore, it can be used to introduce genes of
potential benefit to Rhizobia-legume symbiosis. Powerful technigues
were developed to monitor the fate of released micro-organisms: the
use of high constitutive gene expression allowed unambiguous detec-
tion of introduced genes; and pyrolysis mass spectrometry allowed
analysis of genetic drift. It was found that genetically modified
Rhizobia did not behave any differently to wild-type Rhizobia following
release into the soil.
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IMPACT | and IMPACT II:
Interactions between Microbial
Inoculants and Resident
Populations in the Rhizosphere
of Agronomically Important
Crops in Typical Soils

ECO-SAFE: Ecological and
Environmental Biosafety
Assessment of Novel Plant and
Microbial Biotechnology
Products

Background and objectives

Certain micro-arganisms found in the rhizosphere are known to
improee sail fertility and consequently plant health and growth, These
micro-onganisms supply nutrients to plants by degrading organic mat-
ter, corvert atmospheric nitrogen into a usable form, protect plants
from disease, and stimulate plant growth directly through the pradus-
tion of phytostimulating compounds. Modern European egriculbure has
relied extensively on the use of agri-<chemicals, §.e, fertilisers, fung-
cides and pesticides, to increase crop yields, Althaugh these have
helped to improve crop yields there are environmental concems
regarding their use and application, Given thesa concerns, the
Increased use of micro-organisms is now seen as an advaniageois
altemative to chemical treatments and will contribute substantially to
the goal of envirenmentally friendly, sustainable agriculture.
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The objective of the first project was to study the ecological interac
tions betwean commeercially impariant GMOs and indigenows species
of the rhizosphers of key European food crops. We aimed 1o develop
microbial inpculants, that can effectively compete with agri-chemicals,
for wse as biocontrol agents, blofertilizers and phytostimulators and to




assess the impact of new inaculants on indigenows bacterial, fungal
and micrafauna populations in soils, The Second project, which has
recently started, aims o construct strains that produce phytohormanes
and to test their impact and efficacy in fiald studies, Secandly, it will
study the effect of signalling In the rhizasphere to gain an understand-
ing of microbial communication,
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Approach and methodology

These projects used bigtechnalogical technigques to Imprave the per-
formance of microblal Inocwlants. We developed madified bincantral
apents, phytostimulators and biofertilizers and conducted field trials to
azsess their efficacy and impact on the soil ecosystem, We also evalu-
ated the use of agricultural crops modified to praduce antl-fungal pro-
tedns for plant disease control, The safety of modified bacterial inacu-
kants and plants was examined in both laboratary and field conditions,
We also developed consensus methods to measure biological periur-
bations in the soil ecosystem, whether such perturbations result from
apricultural practice {e.g, fungicides), micrabial inoculants or plants
with medilied agromomic traits.
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Main findings and outcome

We assessad modified biological contral agents, phytastimulaters and
bisdertilizers in labaratong, microcosm (greenhouse) and field trials,
The inoculation of seeds with modified microbial ineculants does nat
adversaly affect the indigenous bacterial, fungal and Arbusculor
Mycorrbizal (AM) fungal populations. In addition, soil enzyme activities
(usad as a measurement of perturbations in the soil ecosystem) were
nat significantly affected by madified straing compared with wild-type
imoculants, Furthermorne, we demonstrated that simply growing a plani
ar using established farming practices, had a far greater impact on the
i micraflerd than ingculation with micrabial inoculants, For exam-
ple, the blodivarsity of A fungl In agricultural sites was significanily
lower than in a nearby woodland site indicating that crop plants can
select certain groups of AM fungi. Inoculation af planis with biocontral
agents did not affect AM fungal blodiversity. Similarly, AM fungi wers
not deterred from colonising roots of plants modified to produce antl-
fungal proteins. A field trial canducted with GM plants demonstrated
that the impact en indigenous microblal activity, measured by soil
enzyme activities, was not attributable to plant modification, but was
slgnificantly affected by environmental vamation [e,g. soil moisbens
content) and plant variaty {Le. different wild-type cultivars). The data
apcumulated during these projects strongly suggests that the geneti-
cally modified plants and microbial inaculants investigated do not
have a pegative impact on the indigenows microblal population and
conseguently have the patential to contribute to environmentally
friendly agricultural practices.
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Safer host-vector systems for
the deliberate release of
plant-beneficial Pseudomonas

Background and objectives

Certain bacteria possess properties which make them beneficial to
agriculture, such as antagonism of phytopathogenic fungi and bacteria,
antibiotic production, plant growth hormone production, nitrogen fixa-
tion. Others, particularly the Pseudomonads are particularly adept at
the degradation of man-made xenobiotic substances which pollute the
environment, either accidentally (e.g. polychlorinated aromatics or oil
spills) or deliberately (pesticides and herbicides). Genetic manipulation
of such bacteria may render them better able to perform these tasks or
to catalyse new reactions not previously possible. The purpose of this
project was to stabilise the recombinant genes present in such bacte-
ria, to prevent horizontal transfer to other bacteria, and to eliminate
undesirable selective markers such as antibiotic resistance genes.

We aimed to construct safer recombinant DNA vectors for those bacte-
ria (e.g. Pseudomonas, Rhizobium) which might be considered desir-
able to release into the environment for agricultural purposes, or for
pollution bioremediation.

Approach and methodology

Recombinant DNA vectors are usually self-replicating plasmids.
Unfortunately these vectors can often be horizontally transferred to
other soil bacteria by conjugation, transformation or transduction.
These properties make them unsuitable for experiments involving the
deliberate release of recombinant bacteria into the environment.
Furthermore, they are usually equipped with antibiotic resistance
genes, a feature which is also undesirable for deliberate environmental
release. For these reasons it was decided to construct vectors which are
based on transposons, which have reduced horizontal transmission,
being unable to self replicate. The horizontal transmission could be
reduced still further by removal of the transposase gene. The antibiotic
resistance genes were replaced by siderophore receptors, which act as
excellent selective markers, without being of medical importance.

Main findings and outcome

The project was successful and achieved the desired aim of construct-
ing improved vector systems for the deliberate release of recombinant
micro-organisms into the environment. Transposon vectors were modi-
fied to contain @ maximum number of useful restriction sites to facili-
tate cloning and gene manipulation. These transposon vectors were




carried on pBR322 based plasmids which had also been modified to * Leong J., Bitter W,, Koster M.,

eliminate the corresponding useful restriction sites, thus facilitating Venturi V. and Weisbeek P.,,

cloning into the transposon part of the DNA molecule. This pBR322- “Molecular analysis of iron trans-

based delivery vehicle was further equipped with the mobilization port in plant growth promoting

genes of plasmid RP4 so that it could be transferred at high frequency Pseudomonas putida WCS358”.

from E. coli to Pseudomonas, by conjugation in the presence of a con- Biology of Metals, 4, 1991,

jugative RP4 plasmid. Once inside the Pseudomonas cell, the pBR322 pp. 36-40.

plasmid replicon can no longer function and the plasmid acts as a sui-

cide vector and is rapidly lost from the cell. Thus, the transposon, ¢ Raaijmakers J.M., Bitter W,

including the recombinant genes that it may carry, can only survive if it Punte H.l., Bakker PA., Weisbeek

transposes (jumps and integrates) to the host chromosome. In this P.J. and Schippers B., “Siderophore

location it has greater stability and a much reduced rate of horizontal receptor pupA as a marker to moni-

transfer to other bacteria. tor wild type Pseudomonas putida
W(CS358 in natural environments”.

In a second stage, the undesirable antibiotic resistance genes of the Applied and Environmental

transposon vectors were replaced with the siderophore receptor pupA Microbiology, 60, 1994,

from Pseudomonas putida WCS358. The presence of this receptor per- pp. 1184-1190.

mits the recipient bacteria to use the Pseudomonas WCS358
pseudobactin-358 siderophores as a source of iron. Thus, in the pres-
ence of both iron deprivation and pseudobactin-358, bacteria carrying
the transposon-borne siderophore receptor are able to grow, while all
others cannot. Thus, this siderophore receptor marker provides a safer
selection marker than the classical antibiotic resistance and is able to
permit the specific re-isolation of the original bacteria introduced into
the soil. Even in the case of horizontal transfer to other bacteria, the
transposon would confer little or no selective advantage since selec-
tion depends on both iron deprivation and on the simultaneous pres-
ence of the pseudobactin-358 siderophores.

Conclusions

This project showed the feasibility of constructing stable recombinant
DNA transposon vectors carrying selective markers other than antibiot-
ic resistance (which is undesirable for bacteria destined for large-scale
environmental release). These transposon based vectors were prefer-
able to the plasmid vectors in common use, since they show greatly
reduced horizontal transfer and thus reduce the possibility of escape of
the recombinant genes to other bacteria by horizontal transfer.
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Impact of small molecule
mediated cell-cell communication
on the efficacy of inoculant
bacteria in the rhizosphere

Background and abjectives

Flant growth-promoting bacteria are used to enhance crop health and
praductivity. Currenthy, variaus nitrogen-fixing and biecontrol bacteria
are employed ar are being developed, to imprave “enviranmentally
friendly® agricutture. Claarly, the consequences of any such genetically
madified bacteria must be researched with extreme care. 1t has recant-
ly been recognised that bacterla can functbon not only &s individual
cells but also as a multicellular group. This coordinated behavlowr
requires chemical secretions (of N-acyl homoeseding lactones) by the
bacteria Imbe their envirenment. As the numbers of bacteria increase,
these chemicals accumulate, activating the expression of bacterial
genes that enable the population of bactesia o maximally exploit their
erwvironment. This process, known as “guorum-sensing™ might, for
example, enhance the bacteria's ability to form nitragen fixing nodules
an legumes of regulate production of antimicrobial agents that enable
them to colonise roots and supgress pathogen growth. Om the ather
hand, similar signals may be used by pathogenic bacteria to optimise
their attack on plants, It is impartant @ understand the potential
impact of these communication systems in bacteria which may hawve
agricultural purposes, bath on other bacteria and on the environment.

This project aimed to provide a clearer understanding of the complex
cammunications that exist in the thizasphere (the environmant sur-
raunding the plant root). We examined the degree of potential commu-
nication [Le. qguorum-sensing cross-talk) between specific beneficlal
and detrimental bacteria, We also studied the role of quorum-sensing
signalling in the production of antifungal and other metabolites that
may limit plant pathogen growth, and thus the efficacy of blofertiliser
and béacontrol bacterla,

Muodel shizasphewe systam.




Approach and methodology

Indtially, detailed analysis of guorum-2ensing based control was made
in thiee bacterial species. We used one strain of the biofertillser bac-
terium Rhiznbivm leguainaganem and teo bloconirel bacteria,
Preudomanas chionvraphis PCL13gI and Peepdomonas fluorescens
Faiy. Quorum-sensing based systems were [denlified in each bacter-
um, and 8. leguminasarim wad laund fo have four networked guarem.
sensing systems. Bloassay test systems were established that alkowed
defection of quorum-sensing dependent cross-talk betaeen different
bacteria in W,
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rabed by chrovmafogroohy

Main findings and outcome

Analysis of the effects of mutations in the B, leguminesaram quonim-
sensing gene control systems revealed that lepume nodulation, bacter-
fal swrvival, horizontzl gene transfer and the ability ta inhibit growth of
ather rhizabia were all influenced by quorum-sensing. Studies an the
twi Poeudomanas species revealed that the production of antifungal
antibiotics is controlled by quoreme-sending. Thus, in & chiorsraphis,
quTum-sensing contrels the production of phenazine-1-carboaamide, a
campound responsible for the ability of this bacterium to inhibit
grovith of the root rot fungus Fesarum oxysparam. In # feorescens,
quorum-sensing was shown to affect the regulation of the antifungal
mefabalite 2,5-diacety] phloroglucinal.

Comparison of the quorum-sensing metabalites produced by these
three bacteria and analysis of their regulatony effects, revealad that
these growth pramating bacteria have the petential to cross-regulate
wla crass-talk in the rhizosphere, Significantly, they also have the
potential to activate gene expression in plant pathogens such as
Agrobacteria and Erwinig subspecies, Further work on a variety of soil
isolates revealed that quorem-sensing systems ane commonky faund in
diverse s0il bacteria. In 2ddition, some bacteria have the potential 1o
use the quorem-sensing signalling maleoules as a growth substrate.
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This study revealed that sevaral plant growth pramating bacteria can
use quonum-sensing based signalling to communicate, thereby enhanc-
ing their efficacy in the rhizosphere, In particular, the production by
Peeudomanas subspecies of antifungal metabedites which affect this
signalling was naticeably affected, Furthermare, there is clear evidence
that mary soil bacteria wse related quorem-sensing regulatory mole-
cules and that there i= the potentizl for chemical commurication
between bacterla of different species, This highlights the need ta care-
fully cansider the possible effects, notably with respect to safety issues,
of introducing genetically modsfied bacteria for agriculiural purposes.
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Micro-organisms replace chemicals
in crop pest and disease control

Ben Lugtenberg,
Institute of Molecular Plant Sciences
Leiden University (NL)

Chemical pesticides are generally cost-effective in con-
trolling pests and diseases and, as a consequence, have
become an integral part of modern agriculture.

However, since many of these chemicals are also impli-
cated in ecological, environmental and human health
problems there is an obvious need to find effective
alternative approaches with minimal deleterious effects.
Natural and genetically modified organisms (GMOs) pro-
vide such an alternative but this raises the new ques-
tion of whether biological risks are associated with their
use. The ideal microbial pesticide is sufficiently active to
achieve control of the disease but should die soon
afterwards. Such a trait would be good for biosafety as
well as for the biopesticide producer who could then
sell his product again the next season. Many traits con-
cerning the efficacy of microbial pesticides as biocontrol
agents appear also to be important for biological safety
and vice versa. Hence, the research covered in this
chapter, which deals with three types of biocontrol
micro-organisms, focuses both on GMO biosafety and
efficacy issues.

Biocontrol of model fungal diseases of plants through
the application of beneficial Pseudomonas bacteria was
the subject of four projects (B102-CT93-0196, p.86,
BI04-CT98-0254, p.89, BI04-CT98-0283, p.92, and
BIOT-CT91-0288, p.94). The diseases were tomato foot
and root rot caused by the fungus Fusarium oxysporum
f.sp. radicis lycopersici, damping off of sugar beet, and
take-all disease of wheat, which are caused by the fun-
gus Pythium ultimum.

Two traits contribute ta the beneficial effects of the bac-
terial control agent. First, production of a (biodegrad-
able) anti-fungal metabolite (AFM), such as phenazine-
1-carboxamide (PCN) or 2,4 diacetyl phloroglucinol
{Ph. Another mechanism, induced systemic resistance
(ISR), the action mechanism of which is poorly under-
stood, triggers the plant to respond faster and more

aggressively towards pathogen attack. Second, root
colonization by the beneficial microbe occurs as the
delivery system of the AFM producing cells.

With reference to efficacy in the use of GMO
Pseudomonas biocontrol strains, the objectives were
increased AFM production and enhanced colonization.
Using the mutant approach for PCN and Phl it appeared
that increased AFM production could improve efficacy.
Combining various mechanisms of biocontrol in one
strain results in improved biocontrol in some cases but
in decreased biocontrol in others, presumably through
mutual interference of biosynthetic pathways.
Production of a high level of AFMs poses a physiological
burden on the producing cell and results in a slower
growth rate and, consequently, in a less competitive
strain. Using rhizosphere- or exudate-inducible promot-
ers, the production of AFMs can be limited to the plant
root, the only site where AFM is needed. This ensures
minimal loss of energy, and therefore of competitive
force, from the producing microbe. Improving the root
colonising ability of the biocontrol agent appeared to be
a realistic goal, and by using colonization-defective
mutants various colonization traits have been identi-
fied; transgenic col(onization) genes enhanced the colo-
nization ability of wild type Pseudomonas strains.

In parallel, the projects also tackled the biosafety con-
siderations of the modified microbes. First, reporter
genes such as lacZ or gfp are incorporated in the bio-
control strain to allow optimal tracking of the GMOs.
Pseudomonas-based biocontrol strains persist for a lim-
ited period in soil and in rhizospheres. However, associ-
ated DNA persists longer. Successful containment
strategies have been designed. In order to produce AFM
at the right time and place (the root), exudate-induced
promoters and rhizosphere-induced promoters have
been isolated and characterized. The use of these pro-
moters to control AFM production would guarantee
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minimal negative effects on indigenous beneficial
microbes. If a biocontrol strain could only colonize a lim-
ited number of plants, crop rotation could be used to
limit its life-span. Despite analysis of the host range of
many colonization traits, none has been found so far
that is not active on a particular host plant. The risk of
killing indigenous beneficial microbes will be treated in
chapter 4 on Plant Growth Promoting Micro-organisms. A
microbe which is unable to utilise a major exudate com-
ponent is unable to compete with indigenous microbes.

In consideration of the influence of environmental con-
ditions on the behaviour of the GMO, it appears that
oxygen concentration, and the presence of ions such as
Fe3+and Zn2+ and of organic compounds such as glyc-
erol, dramatically influence the levels of AFM produc-
tion, and therefore the growth rate and competitive abil-
ities of biocontrol strains. Furthermore, promoter probe
insertions have been used to identify genes responsive
to environmental triggers such as exudate, the rhizos-
phere and soil conditions. One promoter, which was
found to react to the presence of the exudate compo-
nent proline, was studied in detail. Introduced
Pseudomonas species respond quickly to nutrient
scarcity in soil by producing stress-resistant cells. This
occurred via the programmed induction of a myriad of
stress-responsive genes. A mathematical model was
developed to describe the dynamics of bacteria intro-
duced in soil. Since environmental conditions strongly
affect AFM production, better predictability is achieved
by bringing AFM production under control of chosen
promoters. Finally, combining biocontrol traits of several
strains into one cell sometimes led to enhanced biocon-
trol. However, in a number of cases the results were
negative, presumably because of metabolic interference
of biosynthetic pathways.

In conclusion, it is clear that by constructing GMOs, bio-
control Pseudomonas strains with enhanced efficacy
can be obtained. They live for a limited period of time in
the soil and the rhizosphere and their life-span can be
decreased by genetic containment strategies. A promis-
ing approach is the use of promoters which restrict AFM
production to where it is needed.

As for future research on biocontsol Pseudomonas
strains, the following topics are recommended. The use
of gfp (green fluorescent protein)-labelled bacteria to
study the behaviour of beneficial and pathogenic

()

microbes, and their interactions, in the rhizosphere in a
non-invasive way. The use of functional genomics (tran-
scriptomics, proteomics) of beneficial microbes in order
to enhance strain predictability. For example, to identify
cascades of genes which are expressed in the seed and
in the rhizosphere and to study their function, to pro-
duce chips dedicated to aspects relevant to biosafety,
comparative genomics of biocontrol strains, to analyse
the molecular basis of interference in attempts to pro-
duce two AFMs in one strain, and to understand the
influence of environmental factors such as exudate
compounds and metal ions on expression of relevant
traits. Research should also aim to enrich strains with
enhanced colonizing ability, examine molecular mecha-
nisms of microbe-fungus interaction in the rhizosphere
and to determine exudate composition and its role in
microbe behaviour.

Another biocontrol agent studied is the endospore-
forming bacterium Bacillus thuringiensis (Bt) which pro-
duces a pesticidal toxin commonly used to control
insect larvae on commercially important plant species.
This Bt toxin can bind on clays. Binding reduces the
biodegradation of the toxin but does not eliminate toxi-
city to insect larvae. In the study reported here
(IC18-CTg7-0135, p.97), potential effects on tropical
soils and water of Bt toxin produced by GMOs is evalu-
ated, because if over-produced Bt can accumulate in the
environment. The results indicate that adsorbed toxin
has a higher toxicity than the free form, possibly
because it escapes proteolysis. No negative effects
against non-target organisms such as soil microbiota
and earthworms were detected.

The third type of biocontrol examined concerns
Baculoviruses which are pathogens for particular
insects and which are being used as biological control
agents of insect pests as alternatives to chemical insec-
ticides. They cause no hazards to beneficial insects, ani-
mals or plants. The value of wild-type baculoviruses as
sprayable, environmentally safe, biopesticides has been
well established. The major drawback for the commer-
cial use of wild-type baculoviruses is that they take sev-
eral days to kill the target insect and during this time
the insect can continue to damage the crop. Certain
genetically modified viruses are assumed to stop feed-
ing earlier and to reduce spreading of the virus from the
insect cadaver. This would enhance efficacy and, at the
same time, maintain and improve their safety.




In the projects reported here (BAP 0192/0201, p.103,
BAP 0415/0416, p.101, and BIOT-CT91-0291, p.99),

GM Baculoviruses were constructed with reduced
ability, in comparison with the wild type, to spread from
the dead caterpillar, and exhibiting a host range unaf-
fected by the genetic modification.

In conclusion, these studies show that biocontrol micro-
organisms can be modified to enhance efficacy, their fate
can be followed and it is clear that they die. On the basis
of more fundamental research, a start has been made on
predicting their behaviour in the environment. Research
lines which should be pursued to enhance their pre-
dictability have been indicated. It seems reasonable to
forecast that in the next decade many biocontrol micro-
organisms will be developed which are competitive with
chemical pesticides in terms of efficacy but which are
safer and whose effects are more predictable.
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Molecular and chemical basis
of the interaction between
plant-protecting pseudomonads
and their crop plants

Sackground and objectives

This project facused on the application of Pseudomomas bacteria to
prevend plant disease, (e, to function as a biopesticide ar preblotic. In
general, a blopesticide directed against fungal pathogens should pro-
duce am antifungal factar [.I'I.FI-'_I and deliver this AFF along The rool sys-
fem beafore the pathogen attacks. The latter process, root colonisation,
Is often the limiting factor in béocantral, Many agrochemicals cumrently
used 1o contral fungal infestations of econamically important plang
speches are a threat to the emvironment, and therefore to cur haalth.
Interest in biclegical alternatives, often utilising microbes, has there-
fore increased. Indesd, microbes are known 19 act 85 biofertilsers,
biopesticides and stimulators of plant growith, Gur work aims 1o con-
tribute to the understanding of micrebial contrel of plant diseases by
privading the scentific database which is necessary to establish legis-
lation for the safety of biological pest-contral agents.
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Approach and methodology

The focus was an () the isolation and characierisation of genes
Invetved in the produciian of 2,4-diacetyl phloraglucingl [DAFE] a5 0
model AFF, and (i) the iselation and chamacterisation of geres imoied
in mat colonisation. State-af-the-arl melecular genetic, micobiclogical
and chemical techniques were used. The major test plants were sugar

beet. tomate and wheat, Bigcantral fests were carried owt under micro-

oosm and greenhouse conditions, For the accurate measurement of
rant cokanisation, following inoculation of szeds, 2 gaolabiotic test
Spstem was develaped,

I &uch a system the interactions between gne phant and one ar bwa dif-
Ferent micrabes can be studied witheut the complexity of natural soll,
This makes results more repraducible and conclusions can be drawn
faster. All interesfing results are subisguently regeated in real sodl,
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Appl. Enviromm, Micrabiol., 61,
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Plamt Pathofogy, 47, 1998, p. 299,

= Lugtenberg 8.).., Kravchenko LA
and Slmons M., “Tomata seed and
roat epndate sugars: composition,
utilization by Psevdomonas bio-
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Enwviron. Microbial,, 1, p. 439.

= Schippars B, Scheffer R.L,
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“Blocoating of seeds with plant
grvwth-promading rhizobactera to
improve plant astablishment”,
Ouilpak on Agricidiure, 24, 1995,

p. 179,
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¢ Simons M., Van der Bij A, De
Weger L.A., Wijffelman C.A., and
Lugtenberg B.J.., “Gnotobiotic sys-
tem for studying rhizosphere colo-
nization by plant growth-promoting
Pseudomonas bacteria”.
Mol. Plant-Microbe Interact., g,
1996, p. 600.

Main findings and outcome

We isolated several biosynthetic and regulatory genes involved in
DAPG production by P. fluorescens strain F113. Nucleotide sequence
analysis identified a biosynthetic operon containing genes with thio-
lase and chalcone synthase activity, as well as a putative DAPG perme-
ase. Use of lacZ transcriptional fusions to the chalcone synthase gene
revealed that the GacA/LemA two-component system is involved in
regulation of DAPG synthesis. In addition, environmental factors such
as the carbon source and Fes. play a crucial role.

Competitive colonisation studies have revealed that P. fluorescens
strains WCS365 and F113 are the best colonisers of a series of tested
European biocontrol strains. Production of DAPG does not affect coloni-
sation. Colonisation mutants of these strains were isolated. Their
analysis revealed that the following genes and traits are involved in
colonisation: (i) a colR/olS two-component system, later shown to reg-
ulate outer membrane permeability and therefore competition for
nutrients in the rhizosphere (the niche around the plant roots), (ii) the
xerC/ss gene which encodes a site-specific recombinase (this finding
has led to the discovery that phase variation, the ability of a bacterium
to create subpopulations with properties suitable to occupy different
environmental niches, is a very important trait in the rhizosphere), (iii)
the outer membrane pore protein OprF, and (iv) the synthesis of amino
acids and vitamin B1.

Conclusions

We found that the biosynthetic genes of the AFF DAPG are clustered. In
principle, this creates the opportunity to improve biocontrol by overex-
pressing DAPG or by transferring the DAPG biosynthetic genes to
another biocontrol strain to extend the biological control mechanisms
of the recipient strain. The regulation of DAPG production is extremely
complex, suggesting that the amount of DAPG produced in the rhizos-
phere may differ, depending on plant and soil conditions. Our studies
showed that many genes, possibly even several hundred, are involved
in root colonisation.

The genes characterised so far show that control plant colonisation
(the col genes) are all naturally-occurring genes. There is no indication
that these col genes reduce the safety of biopesticides. These results
revealed that DAPG and col genes are promising for improving biocon-
trol properties of wild type Pseudomonas strains. Based on these con-
clusions, these findings are further developed in the project
B104-CT98-0254 (p.89).




Predicting fate and effect of
r-DNA biopesticides when
released into the environment

Background and objectivesiu

There are various traits which contribute to the ability of a bacterium to
control plant diseases caused by fungi. They are the production of anti-
fungal factors (AFFs) such as 2,4-diacetyl phloroglucinol (DAPG) and
phenazine-1-carboxamide (PCN); colonisation of the rhizosphere to
deliver the AFFs at the right time and at the right sites along the root
system; and what is called Induced Systemic Resistance (ISR), i.e.
resistance of the plant induced by the beneficial bacterium. Promoters
have been found which are specifically induced by exudate from the
plant or in the rhizosphere. To understand their action, exudate analy-
ses are required.

The genetic and functional mechanisms involved in microbial control of
plant diseases are being studied to predict fate and effect of recombi-
nant DNA biopesticides in the environment. European crop plants,
sugar beet, tomato and wheat, are being used. Recombinant DNA
biopesticides will be constructed with the aim of making more potent
and more predictable biopesticides. By bringing AFF production under
control of inducible promoters, the required amount of biodegradable
AFF will be produced only at the site where it is required, namely in the
rhizosphere. The results will contribute to a database for recombinant
DNA biopesticides, which will underpin legislation.
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Approach and methodology

Bacteria are being constructed which combine two of the three useful
traits: production of DAPG and PCN; and ISR. The production of DAPG
and PCN will be placed under the control of strong promoters or of
exudate-induced or rhizosphere-induced promoters. A second topic is
to test whether the mechanism behind the most important colonisation
trait, bacterial motility, is in fact chemotaxis. This will lead to an analy-
sis of whether colonisation genes can be used to improve colonisation.
The efficacy and safety of the newly constructed strains will be tested
in microcosms and in the greenhouse under semi-industrial conditions.
Evaluation of the results in terms of biosafety will include an analysis
of whether our mechanistic studies have provided sufficient know-how
to predict fate and biosafety of the new constructs.

Table 1. List of rhi fusions isolated.

Fusion  Plant Homologues

Wheat1  Wheat Fatty acid synthase from Mycobacterium

tuberculosis.

Wheat2o Wheat Acetolactate synthase from Mycobacterium

tuberculosis.

Wheat28 Wheat Beta-ketoacyl synthase from Streptomyces

coriofaciens.

IVET1  Sugarbeet  ATP-dependent DNA helicase from

Escherichia coli.

IVET26  Sugarbeet  Cellulose biosynthetic operon from
Acetobacter xylinus.

IVET32  Sugar beet  Nitrate reductase from Klebsiella
pneumoniae.

IVET37 Sugarbeet  Malonate decarboxylase from

Pseudomonas putida.

IVET149 Sugarbeet  Putative permease from Pseudomonas

marginalis.

IVET150 Sugarbeet  Methyl transferase from Streptomyces

clavuligerus.

IVET173 Sugarbeet  Glutamate synthase from Escherichia coli.

IVET198 Sugarbeet  Cobalamin (Vit B12) biosynthetic operon of

Rhodobacter capsulatus.

IVET207 Sugarbeet  Ferric siderophore receptor of

Pseudomonas aeruginosa.




pain findings and outcome

Recambinant DA strains with greatly increased DAPG and PCH pro-
duction kave been consirucked. Patentially waluable inducikle promot-
ers have been isalated. The colonisation traits and inducible promoters
tested =0 far are not host-specific,

Ched mutants [ched is a chemotaxis genel are strongly impaired in
root tip colonisation and colanisation can be improved by the presence
of multiple coples of the scs&ent gene. The rale of colonisation In béo-
control was rigarously tested for the first time: it appeared to be an
absolute requirement far bioconirol based on PCN production but less
imporiant when biocontrol was based on ISR, & patent based on PCH-
based biocontral has been submitted.
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EfRP-mmrked PCLTIga cobs. Panel B, C and F ore o comiination of ECRP-warded
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Concluslons

The results abtained concerning the feasibility of ganerating new bac-
terial strains far protecting crops against disease ane very promising at
thits early stage of the wark, The strains ane curnently being tested
under semi-industrial conditions. Tests under true industrial conditions
and camplete safety analysis will folloe

= Rainey P8., “Adaptation of

Psaydamonas luarescens to the
plant rhizosphere™,
Environ, Microbial,, 1, 1099, p. 247,
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Safe and effective pesticidal
micro-organisms through
customised environmental
persistence

Background and objectives

Chemical pesticides are generally cost-effective in controlling pests
and diseases, and have in consequence become an integral part of
modern agriculture. However, these same chemical inputs are also
implicated in ecological, environmental and human health problems,
so the need to find effective alternative approaches with minimal dele-
terious effects is obvious. Natural and genetically modified organisms
(GMOs) provide an alternative to chemical controls, however this alter-
native also has biological risks associated. In particular, the implica-
tions of the biosafety risks of using GMOs need to be carefully consid-
ered before they are implemented. Ideally, a bacterium would persist
for long enough in the environment to achieve control of the pest (i.e.
so it is effective), but no longer (i.e. without ecological risk).

The specific aim of this project was two-fold. Firstly, to improve the use
of ‘self-destruct’ systems to limit bacterial persistence, and secondly,
to construct a bacterial strain with enhanced desiccation tolerance. The
self-destruct system and the enhanced desiccation resistance will be
combined in a single strain, and its persistence will be tested in green-
house trials.

Approach and methodology

Two control systems were developed for ‘killing’ genes in the plant rhi-
zosphere (the environment surrounding the plant root). This involved
construction of a prolonged persistence bacterial strain with a function-
al ‘self-destruct’ system. One system uses a cold-shock inducible pro-
moter isolated from Pseudomonas putida, which is being tested for
functionality in available suicide cassettes. The second system is based
on a range of lux genes inserted into the P. putida chromosome, which
can be screened on the basis of light emission from the bacteria in
response to corn root exudates. In addition, new broad host range tox-
ins for self-destructing bacteria were developed to circumvent the possi-
bility that low level read-through of the killing genes would lead to the
selection of mutants with non-functional lethal toxins. Two strategies
were employed. Firstly, mutations that rendered the host cells resistant
to the lethal action of the toxins were constructed and analysed. An

in vitro system was established for analysing the toxin activity.




Colonisation assays are being conducted in various crops including
corn, spinach and beans in pot assays in greenhouses to monitor the
population dynamics in the rhizosphere over a period of up to 12
weeks. P. putida clones overproducing the osmoprotectant sugar tre-
halose, are being characterised for desiccation, (using trehalose-
accumulation, osmotic tolerance and other growth characteristics of
the genetically engineered bacteria). Colonisation by the wild-type and
the trehalose-overproducing clones will be tested. The compati\bility of
the control systems for both desiccation tolerance and self-destruct
genes, as well as desiccation tolerance testing in micro-organisms con-
taining both genetic modifications, is under development. Optimisation
of drying protocols for Pseudomonas with inducible trehalose synthase
systems, formulation of desiccation-tolerant bacteria for seed coating,
and testing of the resistance of genetically engineered bacteria to
repeated cycles of desiccation and rehydration, are all being developed.

Main findings and outcome

P. putida KT2442 is a root-colonising strain which can use proline, one
of the major components in root exudates, as its sole carbon and nitro-
gen source. A P. putida mutant, unable to grow with proline as the sole
carbon and nitrogen source, was isolated after random mini-Tng-Km
mutagenesis. The mini-Tns insertion was located at the putA gene,
which is adjacent to and divergent from the putP gene. The putA gene
codes for a protein of 1315 amino acid residues which is homologous
to the PutA protein of Escherichia coli, Salmonella enterica serovar
Typhimurium, Rhodobacter capsulatus, and several Rhizobium strains.
Regions of the P. putida PutA protein showed homology to the proline
dehydrogenase of Saccharomyces cerevisiae and Drosophila
melanogaster, as well as to the pyrroline-5-carboxylate dehydrogenase
of S. cerevisiae and a number of aldehyde dehydrogenases. This sug-
gests that in P. putida, both enzymatic steps for proline conversion to
glutamic acid are catalysed by a single polypeptide. The putP gene was
homologous to the putP genes of several prokaryotic micro-organisms,
and its gene product is an integral inner-membrane protein involved in
proline uptake. The expression of both genes was induced by the addi-
tion of proline to the culture medium and was regulated by PutA. In a
P. putida putA-deficient background, expression of both putA and putP
genes was maximal and proline independent.

Conclusions

P. putida KT2442 responds to root exudates, allowing gene expression
to be turned on or off depending on the niche being colonised. This
strain synthesises trehalose and an increase in the production of this
carbohydrate can increase persistence under desiccation conditions.
Regulatory circuits responding to plant exudates, and killing genes are
being combined to control, at will, the survival of the strain under envi-
fonmental conditions.

Major publications
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Appl. Env. Microbiol., 66, 2000,

pp. 5221-5225.
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Experimental and modelling
studies on the fate in soil
of introduced biologically-
contained bacteria

Background and objectives

Successhul and effective biological cantrol of plant pathogens aften
requires that genstically modified micro-organisms (GMMs) be intro-
duced inta the erviranment (e, 308}, This practice carmies with it sov
eral bipgalety issues, and the implications of these for both the envi-
ranment and the community need to be considered. The potential bac-
terial bincantrol agent Psepdamianas ludresoens, carrying génes pro:
ducing anti-Tipule proteins, was studied as a GMM model organlsm in
this praject. To achieve optimal effectiveness and to minimise risks of
the application, the Fate of the GAM in th&urg-et eogdysben, i, he
s0il, needs to be understood and, if possible, managed. The research
required in this area was performed using enclosed emvitonments,
such &s soil microcesms, and preceded any large-scale fiald trials.

The abjectives of this project waere firstly to develap strategiaes for the
aptimal fracking of GMMs intraduced inte the soil. The second aim was ta
study the ecology of mtrodwced genetically modified organismes [GMOs] in
the soil, Thirdly, the project aimed to design strategies for active or pas-
sive containment, The final objective was to develop a predictive maodel
for the fate of GAMOs on the basis of realistic soil parameters.
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Approach and methodology

Pepudomonas fuarescens wiad uied a5 a model arganiam for the insar-
tige of insect biocontrol (anti-Mipwis) genes. It then served as a gene
carmief wehicle for the delivery of the beneficlal genes into the rhizos-
phere {the environment surraunding the plant root) of graminegus
plants, The grganism was also modified with pramoter probe Insertions
in arder to pinpoint genes responsive to the rhizaspbere and soil enyi-
ronaments, with the aim o wse these signals for bicloglcal containment.
In addition, information was gathered with ather nen-differentiating
bacterla in order o pinpoint genas ar triggers in their starvation siress
response programmes, which could patentially be useful for biological
condainment. Finally, a mathematical model prediciing inaculant Fate in
s0ik, based upon realistic soil paramaters, was developad.
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Main findings and outcame

Tracking methods, including selective plating, immunellusrescence
and polymerase chain reaction (PCR)-assisted detection using specific
primers and probes for the GMMs under study, were developed and
successfully applied, to maniter the Psevdomonas fUOREsSOEns SENe
delivery vehickes, and the ‘forelgn’ DNA. in soil microcosms.
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Persistence of the gene in the absence of detectable surviving cells
was found, which indicated the importance of further monitoring of the
inserted gene in addition to that of the cells. Promoter probe insertions
identified gene expression which is regulated by environmental trig-
gers, i.e. by the rhizosphere (from root exudation) versus the bulk soil
(carbon starvation). The rhizosphere responsive aperons were found to
react to the presence of proline which was abundantly present in the
exudates of three gramineous plants. Several starvation-induced genes
were further identified and their use in passive containment systems
was indicated, whereas active containment using two selected host
killing genes was not successful. The starvation response in non-
differentiating bacteria was unravelled using two-dimensional gel
electrophoresis as well as stress survival testing.

In vitro and in situ studies revealed that Pseudomonas fluorescens car-
rier bacteria quickly developed generalised cellular stress resistance
upon starvation. This occurred via the programmed induction of a myri-
ad of stress responsive genes. Testing in soil showed that introduced
Pseudomonas species variants quickly responded to soil oligotrophy
(nutrient scarcity, mainly organic carbon) by producing stress resistant
cells. A mathematical model was developed that adequately described
the dynamics of introduced Pseudomonas fluorescens populations in
the soil.

Conclusions

This project uncovered important results concerning potential biosafe-
ty hazards to both the community and the environment relating to the
safety of the use of GMOs in crops. The study showed that the
Pseudomonas-based potential biocontrol agents persisted for a limited
time in the soil and wheat rhizospheres, however associated heterolo-
gous DNA persisted for a more extended period of time.
Environmentally-responsive genes were detected in the Pseudomonas-
based biocontrol organisms. These are useful for environmentally-
regulated expression of beneficial genes as well as biological contain-
ment. The model biocontrol agents responded to carbon starvation in
soil by forming cells with enhanced stress resistance. This study also
showed the potential for developing a mathematical model which can
adequately describe the fate of inoculant bacteria in soil.




Impact and fate of pesticidal
proteins from Bacillus
thuringiensis spp in tropical
soils and waters as influenced
by clays

Background and objectives

The microbe Bacillus thuringiensis (Bt) produces a crystal which is
commonly used to control the presence of insect larvae on crops.
Preliminary studies have shown that Bt toxins (subsp. kurstaki, that
protects against a range of butterfly and moth larvae) can bind on
clays. Such binding reduces the biodegradation of the toxins but does
not eliminate their toxicity to insect larvae. However, few studies on
the persistence and toxicity of Bt toxins in soils and sediments have
been conducted. We have chosen to study the interaction of Bt toxins
with mineral colloids such as reference clays, soil-derived-clays, and
natural soils, and to study the effects of such surface interactions on
the persistence and pesticidal activity of these toxins in soils and
waters. This study will allow us to evaluate any potential effects on
tropical soils and waters of toxins produced by genetically modified
organisms that contain genes that code for these pesticidal toxins (i.e.,
transgenic plants and micro-organisms).

Approach and methodology

We prepared Bt toxin/colloidal clay complexes by equilibrium adsorp-
tion and binding of the toxins onto test clays. Larvae of insects from
the tropics (pests and non-pests) were used in bioassays to assess the
toxicity of the free toxins and complexes.

To compare the bioavailability of free and bound toxins, we investigat-
ed microbial degradation using inocula from tropical soils. CO, evolu-
tion, enzyme activities and species diversity were measured to evalu-
ate the effects of Bt toxins on the activity, ecology and population
dynamics of soil microbiota.

Adsorption and binding assays were performed on soils and their clay
fractions to evaluate the persistence and effects of the toxins.

Main findings and outcome

A multilinear regression equation was found to account for the adsorp-
tion of true toxin (63 kDa) of Bt tenebrionis on a reference clay (Na-
montmorilonite). The distribution of the toxin between the bulk solu-
tion and the clay surface appears to be regulated by the ionic strength
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of the medium and to a lesser extent by its pH. The toxin has two
forms: that adsorbed from the surrounding water solution at very low
jonic strength and the additional amount adsorbed at different ionic
strengths. The first fraction is not easily desorbed by water alone and
can be considered as irreversibly bound. This bound form is not toxic in
bioassays with larvae of Leptinotarsa decemlineata (Colorado potato
beetle). The second form can be easily desorbed when the ionic
strength is lowered and has been shown to be very active.

In vivo, the ionic strength and pH in the midgut of larvae may change
and desorb the toxin from the clay. Additionally, the adsorbed toxin can
safely reach the receptors, possibly because it may escape proteolysis
in the very first part of larvae's alimentary canal. Experiments on soils
and clay from soils seem to confirm these findings.

These studies address whether the Bt toxins produced by GMOs can
accumulate in soils. The mode!, with some corrections/ adjustments
could be used as a forecasting tool to monitor the behaviour of toxins
in soil environments. Early results of microbiological assays indicate
that the microbial populations (bacteria, fungi, and actynomicetes) are
not quantitatively or qualitatively influenced. Bioassays on non-target
Coleoptera species, which spend part of their life cycle in the soil, indi-
cate that the purified Bf tenebrionis toxin (63 kDa) is not effective
against earthworms (Eisenia foetida) when mixed with soil. Similar
studies will be performed on true toxin produced by Bt kurstaki, as this
toxin is often present in transgenic crops such as corn.

Conclusions

The improvements in the potency and persistence of Bt formulations,
as well as the engineering of transgenic organisms able to express the
introduced Bt genes, have created the potential problem of the accu-
mulation of Bt toxins in the environment, especially in the residues of
transgenic organisms (particularly plants). This could be harmful to
non-target species and could result in the selection of toxin-resistant
target species.

The accumulation of the toxins is particularly important in soils and
sediments where the toxins can bind on colloidal particles (e.g., clay
minerals) and, thereby, be rendered less accessible to microbial degra-
dation. The model developed for Bt tenebrionis is a starting point to
predict the behaviour of this toxin in soil environments. Moreover, it
can account for the high toxicity of adsorbed toxin. Bt toxin was shown
to have negligible effects on soil microbiota and non-target organisms
such as earthworms.
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Biosafety of genetically-
modified baculoviruses for
insect control

Background and objectives

Baculoviruses are insect pathogens that are used as biological control
agents of insect pests as alternatives to chemical insecticides. Safety
testing confirms that baculoviruses are insect specific and cause no
hazards to beneficial insects, other animals or to plants. The major
drawback for the commercial use of baculoviruses is their slow action,
and this is especially relevant for crops which have low damage thresh-
olds. They also have a limited host range and are costly to produce.
These problems called for the improvement of the insecticidal ability of
baculovirus strains by genetic modification.

This study aimed to test the biosafety of genetically modified bac-
ulovirus so that their behaviour in the environment can be predicted.

Approach and methodology

The behaviour of genetically-modified baculoviruses was assessed by
the construction of baculoviruses with increased virulence, but
reduced persistence and survival in the environment. The baculovirus
Autographa californica nuclear polyhedrosis virus (ACNPV) provided a
suitable model. AcNPV was marked, and either a suicide mechanism
incorporated or deletions introduced to reduce its persistence and sur-
vival in the field. The biosafety of the recombinant AcNPV baculovirus
was compared to that of the wild type.

Subsequently, we designed and tested a microcosm system and carried
out limited field release of the genetically modified ACNPV.

Main findings and outcome

The deletion of six AcNPV genes, believed to affect the persistence,
survival and spread of AcNPV in the environment, did not affect the
replication of AcNPV or its efficiency as an insecticide. Thus, deletion
mutants in these genes may have a reduced ability to spread in the
environment. Single, double and triple mutants were constructed, with
and without the lacZ reporter gene. The promoters of the deleted
genes were left intact to avoid disturbing the overall transcription dur-
ing virus replication.

Attempts were made to construct a suicide recombinant by placing the
Escherichia coli lac operator (lacO) up- or downstream of the poly-
hedrin (ph) gene transcriptional start site and the lac repressor (lac)
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under the control of the Drosophila heat shock promoter hsp7o. Thus,
in theory, the expression of ph and the production of polyhedra is

blocked in the field and unblocked by the addition of IPTG. In practice,
the introduction of lacO was insufficient to block the expression of ph.

To study UV-persistence, dry virus deposits were inactivated by direct
exposure to artificial UV-sunlight. There was no detectable difference in
half-life between the wild-type AcNPV and an AcNPVpe- mutant (result-
ing in envelope-less polyhedra). The loss of the polyhedron envelope
does not appear to increase UV sensitivity.

Comparison of the six ACNPV deletion mutants in a sensitive host
showed that the infectivity of single deletion mutants does not differ
significantly from the wild type. However, double deletions may be
less infective.

The survival and spread of genetically modified viruses was compared
with that of non-modified viruses after their release into the environ-
ment. Mixed infections of wild type and recombinant AcNPV were pas-
saged in cohorts of insects. After each passage the proportion of each
virus type in the mixture was estimated and the remainder re-
passaged. After several passages the recombinant was lost from the
system, suggesting reduced biological fitness. Similar experiments
were run in which one virus was introduced a set time after the other.
This showed that the first virus does not prevent infection by a second
virus, but does interfere with its replication, significantly reducing its
titre. Consequently, the opportunities for recombination between
genetically modified and non-modified baculoviruses are considerably
reduced when infection with another virus is asynchronous.

Due to concerns that baculoviruses may interact with non-target
Lepidoptera we examined the extent of infection in permissive, semi-
permissive and poorly permissive hosts. In the semi-permissive host
the level of infection was determined by the dose/host ratio, mortality
only occurring at a certain dose threshold. In the poorly permissive
host no mortality occurred regardless of the dose.

Genetically modified ACNPV were tested in a contained microcosm
prior to field release to obtain data about their yield and dispersal. Two
mutants both carrying a LacZ reporter gene were extensively tested.
The microcosm was separated into two compartments by an insect
screen that prevented larval migration but allowed air circulation. Each
compartment contained soil, sugar beet plants and second instar lar-
vae of S. exigua. Wild-type or recombinant AcNPVs were applied to one
compartment. After one larval generation the quantity of virus in the
soil, plants and water was determined. There was no difference
between the infectivity of the wild type and that of the recombinant
AcNPV. The spread of wild type AcNPV was however five times greater
than the recombinant. Equal quantities of non-modified and genetically




modified viruses resulted in only small differences in larval mortality
(39 and 48% respectively). The recombinants were better retained in
the upper layers of the soil whereas the wild types penetrated the
throughout the soil and contaminated infiltration water.

Conclusions

We successfully generated stable genetically modified baculoviruses
with multiple deletions whilst maintaining their specificity and biologi-
cal activity. We tested the behaviour of single deletion mutants in a
microcosm and demonstrated that they have a reduced ability to
spread. Genetically modified baculoviruses may be less competitive
than the wild type during asynchronous mixed infections.

The trachea was identified as the main conduit for dissemination of
infection through the insect host’s body.

Risk assessment of the field
use of genetically engineered
baculoviruses

Background and objectives

Public awareness of the potential negative environmental effects asso-
ciated with the use of chemical insecticides led to the assessment of
the applicability of insect-specific baculoviruses as an ecological
approach to eliminate insect pests. Baculoviruses, however, are rela-
tively slow to kill the target insect. It takes several days for bac-
uloviruses to cause a full-blown infection in the caterpillar, and during
this time the insects can continue to feed and damage the crop. The
efficacy of baculovirus insecticides needs considerable improvement
before they can be presented as viable alternatives to chemical agents
for pest control.

The aims of this project were to improve the effectiveness of bac-
ulovirus insecticides while at the same time maintaining and improving
their safety.

Approach and methodology

To improve the efficiency of baculovirus insecticides we inserted the
insect gene encoding juvenile hormone esterase (JHE) into the genetic
material of the baculovirus. The high levels of JHE normally produced
at the end of the caterpillar life cycle cause it to stop feeding and turn
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inta & pupa. Causing the bacubovirus o produce [HE at abnormal fimes
in the caterpillar life cpcle may redece feeding and induce pramature
matamorphass,

To maintaim and Improve the safety of baculovinus insacticldes we
remaved 3 virus gone which produces a protein associated with the
release of bacuboyvinuses from the dead caterpillars. IF the vinises
remain within the cadaver they are not spread easily through the
enwiranment,

Main findings and outcome

Wie Infected cultured insect cetls with recombinant vinuses containing
the [HE gene, The consequence was high bevels of enzyme activity
which matched thase sbserved In pormal catemillars just before pupa-
tlon. In caterpiliars infected with the same viruses, alevated levels of
IHE were also altained, With some of the viruses the increased levels
of JHE did not affect caterpiliar develapment. Other viruses resulted in
slower waight galn by the insacts, The host range of recombdinant virgs
o5 wai unaffected by the ganetic modification, The remaval of the virus
gene which affects the release of the baculovirus frem infected cater-
pillars resulted in a wirus that was less amenable to spread fram [he
dead caterpiltar. Thus i i possible to genetically modify baculovines
insacticides and express potential insecticidal gene products in the tar
get insect, it is also possible bo limit the spread of the bacubpyinses in
the ervicanment,

Conclusions

The new baculovirus vectors developed facilitate the rapid genetiz
madification of the haculovirus insecticldes to test genas which ancode
putative insecticidal proteing, The results sugpest that high bevels of
maecticidal proteins are produced in the vimus-infected caterpillars
using virused that canmd easily spread within the environment. This
apens the way for further development of bacubayitus insecticides




Risk ass:assment: f_ield release
of genetically manipulated
baculoviruses

Background and objectives

Baculoviruses are a group of vireses that kill partioular ingecis includ-
i@ Crop petis. The valus of wild type baculiviruses as 5|:.rra'.l.al:|ler BRV-
ronmenitally safe, biopesticides has been well established, However,
their commercial compelitiveness with chemical insecticides would be
further improved by genetic englneering fa incerporate genes which
would l2ad to swifter death or cessation of hast Insect feeding. It is
alsp perceived that the practical use of genetically modified bac-
uloviruses depends on & satisfactory outcome to thorugh assessment
of the risks of release.

Approach and methodalogy

Ersessing the risk ol release al a genefically modified baculoving
depends on a sound knowladge of the ecology of the wild type from
which it was derived. Ecological deviations in the recombinant virus can
this be identified, The wikd type baculovirus Autogroghe colifornica
rauichear potyhedrosis virus (BcNPY) and its recombinant clone
{AcNPC i OF) were studied, The wild-type and recomainani were bath
irdective in both @ pest of pine forests (Pine beauty moth) and a pest of
agricufiural crops (Cabbage moth), Extensive field ohservations identi-
fied ecological aspects suitable for study in sevarely contained simulat-
ed ecosystems (micracosms) specially developed for the putpose, The
behaviowr of wild type viruses and the recombinant were Sudied in
ElEFOC S,

Mzin findings and outcome

Cabbage moth and Pive beauty math NFVs were infective in 4 of the 12
Lepidogtera families. Each of four NPV clones had different infectivity
lewels which were up te four and a half times greater than those of the
wild type,

Inthe field, baculowiruses can persist in the soil for @l least 3 years.
Dpilionids are the main agents of local dispersal, they excrete active
wiruses for 1300 hours after ingestion, Birds are a second majer pathway
by which batulavituses are spread; so% of individwals and g out af 15
bird species studied excreted active vinus, Cabbage moth vinus was
recavered 2 ki Fram the peint of intreduction. In micracosms oontain
g fiedd crops, simulated rain also disparsed baculoviruses, Belween 1
and 10% of baculoviruses remained on plants but the soil contained
the remaining go to 9o, Mo baculoviruses wene faund in percolation
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water. Air flow, rain splash, parasites and aphids all dispersed viruses.
Despite similar levels of infectivity of wild type and recombinant virus-
es, less recombinant baculoviruses were produced in microcosms.
Recombinant baculoviruses were less persistent than the wild type.

Conclusions

Despite baculoviruses having many alternative lepidopteran hosts,
field infections were not found in alternative hosts, suggesting little
risk of environmental disturbance. /n vivo cloning of Pine beauty moth
NPV gave many distinct clones, which allowed selection for recombi-
nant work. Recombinant baculoviruses were less productive and per-
sistent in a microcosm than the wild type: Higher NPV doses gave
lower progeny NPV yields in microcosms.
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Tackling food safety concerns over GMOs

Hubert Noteborn,
Department of Food Safety and Health,

State Institute for Quality Control of Agricultural Products (RIKILT) (NL)

Application of genetic transformation technology in agro-
food has greatly increased the size of the gene pool and
the opportunities for genetic changes that modern breed-
ers and the food industry may draw upon. Initially, genetic
modifications ranged from protection against pests and
tolerance to herbicides to the production of source materi-
als, such as starter cultures and enzymes for industrial
food processes. More recently, food plants have been
genetically modified (GM) or are being developed in order
to enhance levels of essential amino acids, micronutrients
and antioxidants like b-carotene (e.g. 'golden rice'). This
means that the range and quality of genetic modifications
in GM foods likely to be seeking regulatory approval in the
future will be far greater than those that have already
arrived in the market place. Moreover, the introduction of
GM foods into the human diet has caused, and is continu-
ing to cause, considerable public concern.

The focus of the debate on GM foods has been their
safety as regards food use and the environment.
Consequently, analysis of new evaluation techniques
and protocols is an important part of the EC's current
research strategy in this area. Hitherto, the projects that
have been supported have tackled such challenges as
how to detect quantitatively GM food materials, how to
harmonise methodologies to assure food safety, how to
detect gene transfer to the human microflora, and how
to evaluate the usefulness of ‘cell factory’ technologies
in risk assessment. However, relatively little attention
has been paid to broader questions of GMO biosafety,
such as communication of information, and consumer
trust and acceptance (AIR3-CT94-2342, p.133).

It is apparent that the integration of GM foods into the
community raises multiple societal, ethical and econom-
ic questions and demands strategies for informing
European citizens about the technology and GMO
biosafety. In this respect, earlier EC-supported research
(FAIR-CT96-1667, p.110) has shown that consumer atti-
tudes and purchase decisions are generally negative
towards both the technology and its derived GM products.

This poses a considerable problem since the demand
for more information mainly activates existing 'negative'
attitudes, regardless of the kind of information supplied
or the information source. Current approaches to com-
munication and information provision appear to be
inadequate for future generations of GM foods. In par-
ticular, new strategies are needed that take into account
the notion that perceptions of benefits are hindered by
the perceptions of risks, and that consider how the
important stakeholders need to interact to be able to
move forward in partnership.

According to Article 8 of the Novel Foods and Novel Food
Ingredients Regulation (258/97/EC), GM foods have to
be labelled when either modified DNA or a novel protein
can be detected. Previous research results
(SMT4-CT96-2072, p.115) have highlighted the power
and feasibility of polymerase chain reaction (PCR)-based
systems to detect, in a qualitative manner, known GM
material in foods. However, in terms of recently intro-
duced GMO threshold values {Regulation 94/2000/EC),
the development of quantitative methods for approved
as well as for non-approved GMOs is an urgent regulato-
ry need. Hence, the outcome of recently initiated
research (QLK1-1999-01301, p.112) in this direction will
be extremely important in providing the essential multi-
plex detection tools. Validation of these methods will be
critical. But the growing need for EC standards and fur-
ther development of databases for GMO detection
should be addressed too. However, it is an open gues-
tion whether it will be possible to keep all GM foods
completely separated because of consumer demands or
for other needs. The food industry is a global enterprise
that depends on supplies from all over the world. In this
scenario, the Scientific Committee on Plants has also
argued that in the absence of any risk management
strategy, traditional routes for the disposal of some
novel crop by-products may have to be reconsidered.

For GM foods to become accepted, they must be shown
to be safe. In contrast, many traditional foods have
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been introduced into Europe from other countries with-
out the same testing as is now being applied to GM
foods. In the EU, the assessment of risk to humans, ani-
mals and the environment and any hazard following
'accidental' consumption or exposure is based on
Directive 90/220/EEC. In addition, the requirements of
Regulation 258/97/EC must be satisfied before a GMO
(or any product derived from it) can be used for food
purposes. The principal issues considered in the EC-
supported projects on GMO biosafety described in this
chapter are those discussed by various scientific advi-
sory bodies in relation to the release of GM foods.
These issues concern traceability (detection) of geneti-
cally modified material(s), potential for transfer of the
introduced gene(s) to other species, safety of the intro-
duced gene product(s) including allergenicity, and the
question of Substantial Equivalence.

Previous EC-supported projects in this area have exten-
sively addressed the scientific principles for safety
assessment using the concept of Substantial
Equivalence. A huge amount of experience has been
gained from assessing first prototypes of GMOs like
modified lactic acid bacteria (BAP-0409/0420/0477,
p-125, BAP-0474, p.127) and Bt-tomatoes
(AGRF-CT90-0039, p.122, AIR3-CT94-2311, p.120). The
results have been published and have served as case
studies which have assisted scientific committees and
advisory bodies in preparing guidelines for risk assess-
ment, and have also provoked comments and observa-
tions from interested stakeholders. It has been demon-
strated that the concept of Substantial Equivalence is a
useful guiding tool for identifying similarities and differ-
ences between GM foods and conventional counter-
parts with a history of safe use. However, it should be
stated that the risk assessment for potential allergenici-
ty as carried out in the past is not yet ‘foolproof'. In par-
ticular, structure-function studies of allergenic proteins
should be encouraged, as well as the further develop-
ment and validation of animal models.

The capacity of the human gut system to hydrolyse the
modified DNA of plants is being re-evaluated in a new
project (QLK1-1999-00527, p.124). The project will also

examine whether this DNA can be taken up and incorpo-

rated into the genome of intestinal micro-organisms. If
this is demonstrated, the implication of this DNA trans-
fer will need to be assessed in terms of potential impact
on intestinal flora/host interactions.

(o)

Many genes now being considered for introduction into
food crops provide insect resistance and depend for
their action on disrupting the digestive function of the
pest. It is important to exclude the possibility that such
pesticidal proteins may produce similar effects in mam-
mals, including man. In Europe, there is no precise har-
monisation of the design of methodologies to ensure
the safety of GM foods, and it is difficult to use tradi-
tional animal models for feeding trials. Validation of the
safety testing approach recommended by the Scientific
Committee on Food is the objective of the recently
launched research project QLK1-1999-00651 (p.117); if
the protocol investigated in this project fails to assess
the fate and subsequent toxicological effects of the pre-
cursors (e.g. lectins), as well as the products of diges-
tion, the proposed strategy for the safety evaluation of
foods from GM crop plants will need to be revised.

A considerable body of data now exists on which to
consider any possible hazard posed by the first gener-
ation of GM foods; since these contain new traits
largely of interest to growers and food producers,
changes in food composition are likely to be minor.
However, refined strategies for managing the safety
assessment of the next generation of GM foods is a
major issue for the future which has been raised in the
response of the OECD Task Force for the Safety of
Novel Foods and Feeds to the G8. In particular, specific
attention needs to be paid to issues related to nutri-
tion, such as functionality of selected compounds and
associated safety margins. Since these novel GM foods
have been designed to be different from their conven-
tional counterparts, the concept of Substantial
Equivalence would be better served by the use of tech-
niques which make no assumptions about composi-
tional changes. This means attempting to measure the
effects of the genetic transformation in as broad a
manner as possible. This emerging issue is tackled in
the project QLK1-1999-00765 (p.128), where several
new technical approaches, such as micro-array tech-
nology and proteomics, are being explored to allow a
discerning analysis of future GMOs, in particular, the
existence or otherwise of unintended effects. It should
be noted, however, that despite the promise of the
new techniques, there is still a long way to go in stan-
dardising sampling and extraction procedures, valida-
tion of profiling methods and in bioinformatics.




It is apparent that legislative bodies, the food industry
and EU citizens expect that the new and powerful tools
becoming available will be used to ensure full risk evalu-
ation of the emerging complexities in GMO biosafety. In
this, a key role will be played by the Thematic Network
ENTRANSFOOD (QLK1-1999-01182, p.130), which clusters
research activities of previous and ongoing EC-support-
ed projects in this area. Among other activities, this net-
work will critically assess risk assessments made and
published to date and will discuss emerging issues relat-
ing to GM foods that need new scientific research; in
other words it will serve as an early-warning system. In
order to ensure safety of lifetime consumption of GMOs
with added values (e.g. b-carotene, iron, etc.) the net-
work will also explore the feasibility of post-market sur-
veillance of GM foods in addition to pre-market assess-
ment. The design of research protocols and of integrated
risk/benefit assessment strategies for the new GM foods
with functional/health claims is also urgently needed
and is a great challenge for future research.

£io
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Consumer attitudes and
decision-making with regard
to genetically modified food
products

Background and objectives

Public understanding and opinfan are extremely imporiant factors in
ihe process af the integration of genetically modified (GM) produces
inta the community In light of this, this project was designed to axam-
ime several issues, These inclisded gaining an uﬂders.l,.andihg af the
concerns and benefits relevant to societal factors associated with the
wse of ganetic modification in fopd products in selected Evropean
Unian countries, In addition, the praject was designed 10 gain an
understanding of how consumers in selected European Union countries
farm attitudes (positive or negativel, towards genetic modification in
food praducts. It alsa attempted to gain an understanding of how such
attitudes interact with other factors in determining conswmers® pur-
chase decisions, Another abjective was to gain an understanding of
how wariows strategies for infarming consumers abaut benefits and
risks associated with genetic madification, affect their attitudes and
their purchase dacisions, The final aim of this project was to derive,
hased an the understanding obtained, a serias of conclusions relating
ta the wse of GM products, These included the development and mar-
keding of faod products based on genetic modification, regulation af
the use of genetic modification in food products, and sirategles for
infarming consumers about the use of genetic medification and s con:
sequences in food products,
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Approach and methodology

Initially, models were developed using existing consumer behaviour
theory and a review of comparable research. These models were then
estimated through the execution of four empirical studies, all applying
established social science methods. The first two studies were qualita-
tive and were aimed at eliciting risks and benefits associated by con-
sumers with the use of genetic modification in food products. These
were carried out as focus groups conducted with experts and semi-
structured consumer interviews, called laddering interviews. The
expert focus groups were also used as a basis for identifying possible
ways of informing consumers about genetic modification. The latter
two studies were quantitative.

One was a cross-national survey which investigated the formation of
consumer attitudes and purchase decisions, and the other was an
experiment to investigate attitudinal and choice effects of information
provision. The project was concluded with a European seminar where
major results were presented to and discussed with leading represen-
tatives from industry, science, consumer organisations, government
institutions etc. All empirical research was conducted in four countries:
Denmark, Germany, ltaly and the United Kingdom.

Main findings and outcome

Results of the project showed that consumers' attitudes towards GM
food products are highly negative. This holds true at the general level, as
shown in the survey attitude measurements, and at the product level, as
shown in the laddering study and in the survey purchase intention meas-
urements. Differences were found between countries in the degree of
negativity. Danish and German consumers were generally found to be
more averse towards genetic modification in food production than British
and particularly Italian consumers. Negative attitudes were linked to
uncertainty and a host of diffuse negative risk perceptions. The laddering
study showed that GM foods were thought of as being unwholesome,
unfamiliar and unnecessary. They were also perceived to lead to undesir-
able consequences such as being harmful to nature, not healthy, untrust-
worthy and morally wrong. These associations did not seem to be prod-
uct specific. Negative attitudes were linked to more fundamental, under-
lying attitudes including those towards technology, nature, alienation
from the marketplace and food neophobia. This suggested that opinions
of GM foods are quite strong, despite their lack of basis in actual product
experience. Negative attitudes were shown to have a major impact on
purchase intentions. The cross-national survey showed that attitudes
towards the use of genetic modification in food production, attitudes
towards purchasing a specific GM food product and purchase intentions
were strongly related. This indicated that consumers do not evaluate GM
products on a case-by-case basis but rather reject the technology overall.
Perceptions of benefits are hindered by the perceptions of risks.

Major publications

® Bredahl, L., "Determinants of con-
sumer attitudes and purchase
intentions with regard to genetical-
ly modified foods - results of a
cross-national survey".
Journal of Consumer Policy, 24,
2001, pp. 23-61.

¢ Bredahl L., "Consumers' cognitions
with regard to genetically modified
foods - results of a qualitative
study in four countries".

Appetite, 33, 1999, Pp. 343-360.

¢ Bredahl L., Grunert K.G. and
Frewer L.J., "Consumer attitudes
and decision-making with regard to
genetically engineered food prod-
ucts - a review of the literature and
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research".
Journal of Consumer Policy, 21,

1999, PP. 251-277.

o Scholderer )., Balderjahn I,
Bredahl L. and Grunert K.G., "The
perceived risks and benefits of
genetically modified food products:
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European Advances in Consumer
Research, 4, in press.

* Frewer L.)., Scholderer J., Downs C,
and Bredahl L., Communicating
about the risks and benefits of
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of trust".

Risk Analysis, in press.
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The survey showed that to a large degree, perception of benefits was
determined by risks associated with using genetic modification in foed
production. The laddering study showed that even though explicit bene-
fits are built into the products, communicated and sometimes even per-
ceived as relevant, they are not mirrored in product preferences.
Information mainly activates existing attitudes, with experiments show-
ing that information provision increases the relationship between prior
attitude and choice behaviour, regardless of the kind of information or
information source. Likewise, the experiments showed that giving infor-
mation decreased the likelihood of choosing the GM products.

Conclusions

Consumer attitudes and purchase decisions concerning genetically
modified foods are generally negative, highly complex and are based
on several factors.

Reliable, standardised, specific,
quantitative detection of
genetically modified food

Background and objectives

Available methods for the detection of genetically modified (GM) mate-
rials can only be used to screen for the presence of potential GM mate-
rial, or to detect and identify known GM material. Consequently, a
potential danger arises from the failure to detect non-approved GM
organisms (GMOs). GMO approval covers a specific genetic modifica-
tion (product of a transformation). Because this can be used in more
than one GMO, such elements are not reliable identifiers of specific
transformations. Clearly, there is a regulatory need for detection meth-
ods which can distinguish between approved and non-approved GMOs
and quantify GMO content. Thus detection methods specific for each
transformation event (using the junction between the modified DNA
and the part of the host genome where the modified DNA is integrated)
are necessary. Very few plant, species-specific genes which can be
used as a reference for quantification of GMO content, have been iden-
tified. A qualitative analysis that can detect and identify more than a
single GMO in a single reaction, has clear cost-efficiency potential.
Furthermore, molecular methods which can influence the sensitivity
and reliability of polymerase chain reaction (PCR)-based detection
assays must be optimised. Finally, validation of these methods is criti-
cal to assess their reliability. There is also an urgent and growing need
for European and international standards for GMO detection.
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Approach and methodology

Thits project comprises sk work packages. The first of these invalves
the identification of both the application and the limitations of 4 stan-
dard OMA exiraction pretacol. This will be done by examining the
effects of varlous modifications of the extraction pratocol an a varety
of matrices, PCR quantification is usually relative to a single-copy Rene
sperific for the GH host specles. The second work package will identity
and characterise suitable species-specific reference genas, and devel-
ap reference gone-specific, primer/probe sets for qualitative and quan-
litative PCR amplification and detection, This work will invabae screen-
ing th literature and DMA sequence databases, sequencing uncharac.
terised candidate genes, and also empirically besting putatively Suis-
able primers and probes. Copy number per cell will be enamined by
stardard DHA hybridisation technigues. The third work package
Involves sequence characierisation of transformation events, Sequence
data will be requested from biotechnolegy companies ar other saurces
00 3 coblaborative basis, IF necessany, approprisfe pure DMA fragments
containing the junction regions, will be isalated and sequenced. In the
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fourth work package, transformation event specific, primer/probe sets
will be developed and tested. Specific PCR primers and detection
probes will be developed, and as primers and probes may perform dif-
ferently in different systems and assays, several alternative primers
and probes targeted for the detection of each GMO are needed. Thus,
techniques will be developed for the qualitative detection of GMOs in
single primer-probe assays, in multiplex primer-probe assays, as well
as quantitative detection assays for GMOs. In the fifth work package,
techniques used in ring-trials will be validated. The final work package
examines the socio-economic impact of GMO regulation and detection.
A questionnaire survey in the United Kingdom, Norway and Italy will
provide information about the impact of tests which improve traceabili-
ty of genetically modified foods on consumer confidence.

Main findings and outcome

DNA molecular techniques are being established and will be tested on
beer, sweet and salted biscuits, glucose syrups, lecithins, starches,
oils, and proteins. Candidate reference genes for maize and soya,
including the well known soya lectin, maize invertase, zein and high-
mobility-group (MHMG) genes are being examined and characterised.
The junction between the host genome and inserted DNA is being char-
acterised for RoundupReady™ soya, Bt176, Bt11, Mon810 and T2g
maize. Available published primers and probes as well as new and
unpublished primers and probes are being tested and evaluated, to
prepare the development of multiplex detection systems and examine
the effect of various parameters on the accuracy of quantifications.
Validation of detection methods in ring trials will be performed with
pure DNA samples, and a questionnaire survey will be carried out.

Conclusions
This project should provide information and methods essential for the

detection of GMOs, and to identify the impact of this improved detec-
tion on consumer confidence.




Development of methods to
identify foods produced by
means of genetic engineering

Background and objectives

Approximately 60 different genetically modified (GM) plant lines have
been officially assessed and approved world-wide. In Europe, products
from ten transgenic rapeseed and maize lines have been registered as
being in compliance with the Novel Foods Regulation EC 258/97. In
addition, a transgenic maize species (Bt 176) and a soybean species
(RoundupReady™) were authorised to be placed on the European mar-
ket, according to Regulation EC 90/220 in 1996 and 1997, respectively.
According to Article 8 of Regulation EC 258/97, foods derived from
genetically modified organisms (GMOs) have to be labelled if either
recombinant DNA or a new protein can be detected. Thus, highly sensi-
tive and specific methods are needed to control compliance with the
legal requirements by competent food control laboratories, but also for
company quality control.

The aims of the project were firstly to develop and standardise detec-
tion methods for the identification of foods containing GMOs. Secondly,
to establish DNA extraction methods for raw, processed and complex
foods. The third aim was to perform ring testing (i.e. validation) of six
selected detection methods, and to study possible means of enhancing
efficiency of analysis and sample throughput. The final aim was to
develop a database containing data on GM food world-wide.

Approach and methodology

The unambiguous identification of a transgenic element in a food prod-
uct is, in most cases, easily possible if information about the modified
sequences is available. Thus, the project focused on DNA analytical
methods such as the polymerase chain reaction (PCR) and its experi-
mental variants (e.g. PCR-ELISA), and direct hybridisation with specific
probes. An essential prerequisite of these detection methods is the
preparation of high quality DNA from complex food matrices. This was
addressed by analysing sequences which are most commonly used in
GM foods, so called marker genes. Immunological methods to detect
heterologous proteins were also developed.

Main findings and outcome

PCR-based methods were developed and tested for all GM foodstuffs
available on the European market during the project, as well as some
transgenic materials which had not been officially approved. All primer,
probe and PCR conditions applied in this project for the specific
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detection of either a genetic alteration, or the detection of marker
genes and control systems, have been listed in the Final Report and
partly added to the DMIF-GEN database. This database contains useful
information about commercialised GM foods (e.g. approval data,
sequence inserted, DNA extraction and detection method etc.). Since
the DMIF-GEN database contains no confidential data it will be freely
accessible via internet. Thirty-three detailed descriptions for DNA
extraction methods from raw and processed foods were submitted and
gathered in a separate data collection, but were also partly added to
the DMIF-GEN database. The common extraction method based on pre-
cipitation of DNA with a buffer containing CTAB (cetyl-trimethylammonium
bromide, which creates a complex with nucleic acids that can be isolat-
ed after treatment with organic solvents) was useful for a wide range of
applications, and 12 commercially available kits were also successfully
tested. A few products caused problems during DNA extraction or sub-
sequent PCR because, either the quantity of extracted DNA was
extremely low, or results after PCR were quite inconsistent. With
canned meat and fish, experiments confirmed that for more highly
processed products, the limit for amplification of fragments was
approximately 500 bp sized amplicons. The reliability of qualitative
PCR methods was successfully tested with maize (Bt176), soybean
(RoundupReady™), salmon and tomato (Zeneca Ltd.) in six ring trials.
For the first time, two trials (maize and soybean) implied a semi-quanti-
tative approach. Four methods have been submitted to the CEN
(Comité Européen de Normalisation) working group TC/258 which was
established in February 1999 to set European standards for GMO
detection in foods. A ring-tested PCR-ELISA approach for screening the
35-S promoter in GM soybeans will be modified for quantitative per-
formance. Research was carried out on multiplex PCR systems, PCR-
ELISA and biosensor techniques, special gel systems for amplicon
characterisation ("HA-yellow"), direct hybridisation, the NASBA
(Nucleic Acid Sequence Based Amplification) approach, protein diag-
nostic methods, AFLP (Amplified Fragment Length Polymorphism) fin-
gerprinting and immunological technigues. The results point to overall
feasibility but also to restrictions with respect to establishing standard
procedures, future development of quantitative assays,
sensitivity/specificity compared with PCR-systems or applicability on
highly processed materials.

Conclusion

The project results highlight the power of DNA analysis, in particular
PCR-based techniques in the rapid development of methods for GM
detection in foods. In terms of recently introduced GMO threshold val-
ues, the expansion of PCR to quantitative methods becomes particular-
ly relevant. To accelerate future development of methods and dissemi-
nation of results, the DMIF-GEN database in parallel to published sin-
gle detection methods, will be at hand for broad distribution of the
necessary scientific information.
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New methods for the safety
testing of transgenic food
(SAFOTEST)

Background and objectives

In 1997, the European Union Scientific Committee on Food (SCF) issued
a set of recommendations for the safety assessment of novel foods,
including food that has been prepared using genetically modified (GM)
organisms. The SCF suggested a decision tree approach, which for the
toxicological part may include a demand for separate animal studies to
provide the missing information. However, the SCF did not give specific
advice on how to carry out these studies, but stated that the design
should be determined on a case-by-case basis. As a consequence, in
Europe, there is no precise harmonisation of methodologies to assure
the safety of transgenic food products, it being difficult to use tradi-
tional animal feeding studies for toxicological assessments. This clearly
raises biosafety issues for the use of GM products in food. in vivo and
in vitro validated nutritional-toxicological testing procedures are
urgently required. The overall objective of this project is to develop and
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transgenic rice strains. In stage IV, a study based on rat feeding and
OECD 28 day toxicity measurements, will be performed to ensure opti-
mal diet composition and to measure suspected lectin or Bt sensitive
parameters for applications in stage VI. Stage V involves measurement
of the effects of lectins and Bt taxin in a number of in vitro systems, in
order to adjust the sensitivity and specificity of parameters which will
be investigated in the animal study with the transgenic rice species in
stage VI. Supplementary mechanistic and dose response studies will
also be carried out in vitro to supplement the /n vivo studies for the
final risk assessment. In stage VI, a 9o-day OECD toxicity study in rats
will be carried out with the three transgenic strains of rice, with and
without the relevant test protein. In this study, the measurements of
the lectin and Bt sensitive parameters optimised in stages IV and V will
be incorporated.

In the final stage, the results as well as the knowledge base acquired
from the first six stages, will be evaluated in order to assess the sensi-
tivity, specificity and efficacy of the safety testing approach recom-
mended by the European Union SCF.

Conclusions

If the outcome of the studies of this project is as expected, the data
will be of great re-assurance to European consumers, cancerned aver
the safety and 'wholesomeness' of his/her food supply derived from
genetically modified food plants. However, if the testing procedure
investigated in this project does not allow assessment of the toxicity of
the gene products introduced into the food product via the GM plants,
the whole strategy for the safety assessment of novel foods from GM
plants will need to be revised.
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Development of new methods
for safety evaluation of
transgenic food crops

Background and objectives

The ability to manipulate the genetic material of crop plants through
recombinant DNA technology may lead to food products with novel
traits. The majority of gene transfer work has been performed on
Bacillus thuringiensis (Bt) cry genes which convey resistance against
pests such as Lepidoptera insects. Genetically modified organisms
should be handled carefully and the putative hazards and risks should
be carefully studied before their commercial release.

The objectives of this project were to study safety issues related to (i)
the nutritional and toxicological consequences of inserted gene prod-
ucts, (ii) the potential of pleiotropic (unintended) effects in the host
organism due to insertion, (jii) the allergenicity of expressed proteins
and novel foodstuffs and (iv) the potential of gene transfer to human
and animal gut flora.

Approach and methodology

We designed a strategy combining analytical in vitro and in vivo toxico-
logical methods. The work consisted of () isolation of Bt-proteins from
transgenic crops, (ii) development of methods to assess posttransla-
tional modification differences, (iii) development of chemical fingerprint
analysis to identify unintended effects, (iv) in vitro toxicological profiling
of Bt-proteins and (v) application of the Brown Norway rat model for
allergenicity testing. We studied the Bacillus thuringiensis (Bt) cry
genes (e.g. Cry1Abs5.PGS1 and Cry9C.PGS2) in cauliflower, corn and
tomato varieties together with marker gene proteins (e.g. NPTIl, PAT).

Main findings and outcome

Immunocytochemical screening revealed no interactions of the Cry pro-
teins with receptors in the gut of rodents and primates, including
humans. Repeated dose feeding studies (28-days) in rodents showed
that the proteins CryaAbs, NPTIl and PAT are digested very rapidly and
are unlikely to present a health risk for humans. The CrygC protein
resisted proteolysis in the stomach but showed a low bioavailability in
rats and did not cause acute or systemic toxic effects. In the Brown
Norway rat model, the CrygC protein and related modified crops (e.g.
corn) are capable of eliciting an IgE reaginic (antibodies associated
with allergy) response under 'worse-case’ conditions, but its potential
as a human allergen is not proven as yet. No major changes were
observed in the agronomic and resistance characteristics of




greenhouse and field-tested crops, nor in the food processing charac-
teristics of the Bt-tomato expressing the Cry1Abs and NPTII proteins.
The Cry1Abs protein isolated from Bt-tomato fruit appeared to be gly-
cosylated unlike the E. coli equivalent. We analysed the unintended
effects of gene insertion by chemical fingerprinting techniques in con-
junction with conventional chemical analysis of critical nutrients and
key natural plant toxins. No significant changes were observed in key
nutrients, a-tomatine, metabolite and N-glycan compaosition between
Bt-crops and their non-modified counterparts. Thus initial results sug-

gest that the Bt-tomato variety expressing the Cry1Abs protein is as safe

as its traditionally bred counterpart when consumed on a regular basis.
Conclusions

Progress has been made with the development of the principle of sub-

stantial equivalence by establishing a hierarchy of comparisons, includ-

ing the choice of comparators and appropriate statistical analysis.

Application of these technologies improves current analytical testing of

single compounds and complements and will eventually reduce animal
feeding studies. The present approach provides a sound scientific
basis for the evaluation of the food safety of genetically modified Bt-
crop plants and derived foodstuffs. The technologies developed and
the results obtained may serve as general framework for testing the
safety and nutritional value of genetically modified crop plants.
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Opportunities of transgenic food
crops for the consumer and the
food industry in the Community

Background and objectives

The main objective of the project was the analysis of the food quality

of transgenic crops and their derivatives. The two different aspects to

be analysed in detail were agronomic and processing quality and food
safety. Transgenic tomato was chosen as a model crop.

We were primarily interested in analysing the insect resistance trait
encoded by the Cry1Ab gene. However, as most, if not all, transgenic
plants will, in addition to the trait of interest, also contain and express
selectable marker genes which are necessary for the identification of
transgenic cells in vitro, we have also included in the study one of the
most frequently used examples of such genes, namely, neo (NPTII).

Approach and methodology
Production and analyses of transgenic tomatoes

Based on greenhouse evaluations, two transgenic lines were chosen
for the agronomic evaluation of the crop in the field. A field trial was
done during the 1993 season in Piana di Monte Verna (Caserta, Italy).
The harvested fruit was used for two purposes. Part was used for the
preparation of different types of processed products: peeled tomatoes,
chopped tomatoes and tomato concentrate. The remaining part of the
harvest was concentrated by freeze-drying and used in a feeding trial.
The composition of the freshly harvested tomatoes, including parame-
ters important for processing such as percentage dry matter, pH and
sugar content, was determined. Expression levels of CryiAb and neo
were measured. Relevant chemical and physicochemical data, as well
as Cry1Ab and NPTIf content, were also determined on the processed
products.

Safety assessment

The safety assessment focused on the analysis of proteins purified
from recombinant over-expressing micro-organisms. As Cry1Ab has
known toxic effects in insects, emphasis was placed on studying this
protein. Less exhaustive treatment of the marker protein was per-
formed. A series of in vitro characteristics of the proteins were meas-
ured and the potential in vivo effects were estimated. This strategy was
designed to answer the following questions:




o thee newly Introduced profeing cause general taxic effects in
mammals?

To answer this guestion boeth i wire and o whee approsches wene
designed. Degradation of the proteing was fallowed in the presence of
digestive enzymes (pegsin, trypsin and chymatrypsing in simulated
conditians of the gastraintestinal tract, Digestinliity of Crpab has also
been studled fn wivo through feeding af wnique high doses of Cryash 0 Hhie gt domatioas canfaining te BT geoe,
pratein, General foxic affects were, in addition, analysed by short-term O e deft: coveirol fomatoss.

oral feieding in rals and rabbits. Effects on blood cells and human call

lings were also studied.

Daes the intraduced Cryahb protein show specific towic effects in mam-
mals similar to the effect observed In insecis?

This analysis was based on the abservation that the first step in the
imbaraction bebween Beclius thuringiensis insecticidal crysial probeins
and the target insects consists in the interaction of the pratein with
spacific receplors, Different fsaues of the gastraintestinal tract of
rodents and primatas, Including humans, were soreened for the pras-
ence of receptors to these tomins,

Daes the genetic modification of the tomate resull | changas in
nutrient content and the presence of naturally ooourming toxins?

Lypphilised powders of tomatoes harvested were submitted to a
detailed anakysis. Beside the content of the newly introduced protein,
total protein content, fal, carbabydrate, fibre, vitamin C and mineral
conlent were compared. The lyophilised famato powders were also
milxed with rat feed at a cancentration of 10 % and were used in &
qoeday feeding frial.

Main findings and outcome

Mo differences have been found betwaen the characterstics af bath
transfarmants and their non-transgenic counterparts in fresh or
processed products, Boadh Crynab and WPTI proteins are unstable in
simnulated gasirointestinal conditiens. They degrade into fragments
with molecular weights below 10 kDaltens, The toxic effect of Crpdb
am insacts is highly specific and na specific receptors waere foend sleng
the gastrointestinal tract of mammals. In addition, no histepathological
effects were found upon mgestion of Oreasb by mammals, drally
administrated CrnAb does nat exert adverse systemic effects in rats or
mice. Mo indications of immunctazic effects were found upan histologi-
¢al mamination of lymph nodes, spleen and Peyer's patches of treated
animals, In addition, no specific antibodies against Cryahb could be
detected, nor was there a genaral increase in tetal 10, No haemolytic
pedency of CrynAb was observed in i witre #xperiments.
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No major changes were observed in the chemical composition of trans-
genic tomatoes as a result of the insertion of the novel genes.
Transgenic tomato powders mixed into the rat diet had no adverse
effect on the development of the animals. The average daily intake of
tomato powders corresponded to a daily human consumption of 13 kg
fresh tomatoes. Food intake, body and organ weights were normal and
examination of the tissues showed no indications of toxic effects.

Conclusions

It is strongly suggested that neither NPTII nor Cry1Ab presents major
risks to the consumer in food, even at elevated concentrations.

Safety evaluation of horizontal
gene transfer from genetically
modified organisms to the
microflora of the food chain
and human gut

Background and objectives

Horizontal gene transfer (HGT) as a biosafety issue has been
addressed in several studies which have mainly focused on the transfer
of antibiotic resistance from genetically modified (GM) plants to soil-
and plant-related micro-organisms. HGT to bacteria in these environ-
ments has been shown by marker rescue experiments via homologous
recombination. However, HGT via transformation of bacteria in the food
chain cannot be excluded. Free DNA persists in some materials for
weeks, and furthermore, some bacteria develop natural/chemical com-
petence to take up DNA from the environment. In addition, in the gas-
trointestinal tract of man and husbandry animals, DNA may remain sta-
ble for some time, particularly in the colon. The main objective of this
project is to quantify the risk of HGT from genetically modified organ-
isms (GMOs), and food derived thereof, to the microflora of the food
chain and the human gut. In addition to analysis of gene transfer fre-
quencies, hazards will be identified, data of exposure to GMO food will
be collected and the impact will be addressed to quantify and precisely
define the risks of HGT. In particular, selective conditions are particu-
larly relevant for antibiotic resistance marker genes. Therefore, the rel-
evance of a particular antibiotic as a therapeutic agent will be dealt
with in the risk evaluation. This project also aims to evaluate models
which can be used to study these HGT events.




Approach and methodolosy

To collect data For an evaluation of HGT fram transgenic food products,
i vivir and in witro gastrointastinal tract model systems will bea stud-
ied, evaluated and validated. Since gene transfer can soour wia diffar-
ent mechanisms depending an the genalic background, different
danor recipient systems will be studied. In addition 10 cxamining thesa
mechanisms, other parameters relating to the frequency ol HET will be
anatysed, such as survival of kactesia, siability of DNA, developmen? of
competence for transformation, possibility of recombination, and
selective pressure, The data will be evaluated to quantify the risk of
HET based on the genstic background, daily infake of transpenic DMA,
farmulation of the food product, and the nature of marker genes,

Main findings and outcome

In the project that S underway, the consortiom will collect relevant
information on the above lsswes by using foad, rumen, and rodent
madels and computer controlled gastrointestinal tract model (figus),
Stability of DNA and GMOS, and HGT will be analysed by mabecular
manlioring systems based on OMA hybridisation, pabemérase chain
reaction, cubturing methads and celf sering.

Conclusicns

The results of this study will be important for Biasafety issees relating
to the consumption of food prepared wsing GMOs.

Stability, survival and horizontal
gene transfer of genetically
engineered lactic streptococcli

Background and objectives

Laclaccac are extensively used by agro-faod indusiies in foad ferments-
than, far ezamphe for making various dairy products. The sdvances in
genetic technology now make strain improvement by genetic madilica-
tian possible. The BAR BEP and BRIDGE programmes af the Eurapean
Community have been maior condribulars to this pragress, Howees,
practical explaifation of this potential requires that genetically modified
mikcro-organisms be stable and accepted by the public. For geneticakly
madified arganisms to became acceplad, thay must, amang ather
issues, ba demonsirated 1o be safe. A particular coneern is the spread of
genetic material from the madified strain to cdher strains ar esen ather
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species (called horizontal spread). Another major issue is the survival
and environmental impact of genetically modified micro-organisms. This
project aimed to investigate the stability of genetically modified lactococci,
and to study the horizontal spread of genes from such strains. The
second aim was to develop genetically contained lactococci, that is,
strains which are not viable outside their industrial workplace.

Approach and methodology

The approach involved analysing the stability of genetically modified lac-
tococci, including the segregational and structural instability of plasmid
vectors. There are various natural gene transfer processes, particularly
conjugation and transduction, and the contribution that these processes
may make to horizontal gene transfer from genetically modified lactococci
was investigated. To develop systems for biological containment of
genetically modified strains, various lethal gene systems were developed
and assessed. Appropriate inducible gene expression systems were then
designed for the lethal genes, and these different elements combined so
create genetically modified lactococci with in-built containment systems.
Finally, the performance and characteristics of these containment sys-
tems, and lactococci carrying them, were evaluated.

Main findings and outcome

Commonly used lactococcal vectors were mobilised by natural bacterial
mating processes (conjugation) and by bacteriophage-mediated trans-
duction. The frequencies of transfer were low. Furthermore, these
experiments indicated that improved containment of genetically modi-
fied lactococci could be further improved by elimination of temperate
bacteriophages (which promote transduction) and sex factors (which
promote conjugation). Vector stability was determined and the signifi-
cance of transposable elements as sources of instability was estab-
lished. Two lysin genes were characterised. Systems were developed to
isolate controllable promoters that may be suitable for use as genetic
switches. This included exploitation of light-emitting {ux genes and the
development of a model controlled gene expression system based on
the lactose repressor and operon. Lysin genes were successfully
expressed in lactococci using these new systems. Lactose-induced
growth inhibition was demonstrated with the bacteriophage US3 lysin,
and an autolytic strain was created using the bacteriophage VML3
lysin. Without osmotic protection, this autolytic strain lysed sponta-
neously as it entered stationary phase proving that the lethal gene
concept for containment is effective.

Conclusions
The potential of natural gene transfer processes to mediate horizontal

spread of genetic material was low, but nevertheless present. The elim-
ination of such potential from genetically modified micro-organisms




would improve their containment. A lethal gene concept was devel-
oped and shown to be feasible using bacteriophage lysin genes and
inducible gene expression signals. The approach was successfully vali-
dated in genetically modified lactococci.

Gene transfer from and survival
of genetically modified lactic
acid bacteria

Background and objectives

Lactic acid bacteria (LAB) are widely used in the food industry for mak-
ing beer, wine, cheese and various other foods, and have been for hun-

dreds, or even thousands of years. As a consequence, they are the
focus of intensive investigations and one of the aims of this work is to
modify their genetic constitution so that they are better adapted to
agro-food industrial purposes. Prior to the use of any such modified
strains, it is necessary to assess the risks associated with the transfer
of genes from modified LAB to other organisms. This project aimed to
improve our understanding and knowledge about such transfer and its
consequences.

Approach and methodology

In addition to standard laboratory conditions, three model systems
were used to investigate gene transfer between LAB. They were fer-

menters, cheese and the mouse digestive tract. These three model sys-

tems correspond to the three major stages through which industrial
LAB pass: industrial production of starter cultures in fermenters,
cheese-making, and consumption (by man). The transfer between
strains of antibiotic-resistance genes carried on non-transmissible

plasmids, self-transmissible plasmids or the bacterial chromosome was

studied. Molecular genetics techniques were used to construct and
analyse bacterial strains, and microbiological technigues were used to
evaluate the stability and transfer of the marker genes in each of the
three model systems.

Main findings and outcome

Under optimal conditions in the laboratory, the frequency of transfer
from LAB of genes on self transmissible plasmids was below 102. The
transfer of genes carried on the chromosome was so infrequent as to
be undetectable. Similarly, the transfer of genes on non-transmissible
plasmids was undetectable. However, if the strain carried a
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self-transmissible plasmid in addition to a non-transmissible plasmid,
genes on the non-transmissible plasmid could be transferred at a fre-
quency of about 10-5. Transfer in fermenters and in cheese was much
less efficient and could only be detected for genes on self-transmissi-
ble plasmids, for which the frequency was less than 10-7. L. lactis, a
major LAB, did not establish itself durably in the intestine of axenic
mice. Nevertheless, a low level of transfer of self-transmissible high
copy number plasmids could be demonstrated from L. lactis to

E. faecalis (a normal constituent of the gut flora). However, the
transconjugants (created by the transfer) were rapidly eliminated from
the digestive tract. No transfer of tow copy number plasmids or
chromosomal markers was detected.

Conclusions

The frequency of gene transfer from L. lactis, which is a widely used
LAB, is either very low or so low as to be undetectable (below 10-11) in
the three model systems used to represent the various stages in the
life of a foodstuff produced with LAB. This suggests that it is unlikely
that there is a large risk associated with gene transfer from genetically
modified LAB used in the agro-food sector. However, more extensive
work is required to confirm this conclusion.

New methodologies for assessing
the potential of unintended
effects in genetically modified
food crops

Background and objectives

The market release of genetically modified (GM) food crops in Europe
has given rise to widespread public concern, a great deal of which is
based on uncertainties related to safety for humans, animals and the
environment. One of the key issues in the risk assessment of GM crop
plants is whether unexpected hazardous metabolic perturbations (so-
called unintended effects) may have taken place in the organism due
to genetic modification, that could affect its food or nutritional status.
It is recognised that no adequate and effective animal models to identi-
fy and trace the sources of potential unintended effects are currently
available. The objective of this project is to develop new methodolo-
gies that are of sufficient sensitivity and specificity to assess risks from
this possible food-borne hazard. Implicit in this objective is the need to
develop new knowledge which will serve as a basis to understand the
implications of the genetic modification process on metabolic




pathways in plants. Particular emphasis will be placed on the explolta-
tion of cambinative and infavative "cell factory’ technologies
{genomics, proteamics and metabolomics),

approach and methodolos y

An integrated nowvel approach for the ascertainment ol whether the G
ford crap wilh added value is comparable {substantial equivalent) 1o
existing foods will be used. & methodelegy fo eliminate patential haz-
ardous metabolic perturbations in whole GM plants af the eastiest
step(s) in the food chain will be developed. Informative profiles will be
abtained Including databases of molecules of different bialagical infe-
gration bevels, a.5. mREMAs (DNA micro-arrays), protelns (ncluding
past-translational madifications), primary and secondary plant prod-
ucts/ metabolites In a represantative number of non-modified, mutated
and GM plants (i.e. Arabidopsis, Nicotiana, potato and tomato) that
might be wieful benchmarks for the detection af ynintended efecs.
The patential of unintended effects in GM crops will b= ranked and
compared with changes caused by other conditions that influence the
pubcome (&g, environmental factors, lacation effects, growin condi-
tions, seasons eic.). A basis for risk assessment at the molegular level
will be developed, which may refine and complement, and eventualty
rediste, animal axperimentation,

Expected oulcome

The project Is highly pertinent to EU legisiation on Movel Foods and G
faod crops in particular, It is especially rélesant 1o underpin Cammunity
pilicies, The new methodology will also be of use for the agro-foad
indusiry as it contributes to a mare informed awarenoss of the ‘real
risks’ related to GM Foods by providing an objecrive scientific data
package direcied towards a halistic view of the genstic medfication
process. The project will also contribute 1o efforks being made 1o
improve existing food salety and quality assassments, and may boost
and rebuild the Union's citizens' confidence and trust in the supply af
wholesame safe, nutritious and healthy G fead crops, balanced
#cosystems, and a safe emvironment.
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aid-limes e Arahidopsis grd Micalion will
be produced for orodemhic pupases fe cerar
mige whia! gaves o imvsived in the process
of fisvanakd and kysine metobokism, growth
and iionment.
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European network safety
assessment of genetically
modified food crops

Background and objectives

Application of recambinant DNA technolagy in modern plant breeding
has resulted in the development of plants with improved agromomic
properties, Food crops have been modified through the introduction of
new agronomic raits of suppression of constitwent genes which code
for disease or pest resistance, herbicide folerance, or inhibition of
ripening, In the United States and Canada, appromimately go genetical-
Iy madified (GA) food crops have been introduced on the market, while
in Europe, nine GM crops hawve obtained regulatory approval, Market
imtraduction of GM Ioed crops in Europe has given rise to broad public
concem based an twao facts, Firstly, there is a lack of familiarity with the
new malecular technigees which are applied. Secondly, the fact that
the genedic material of these plants (which are used for buman con-
sumptian), has been altered in a manner which would nol be faund 1o
oocur naturally by way of reproduction or natwral recombination. Some
cansumers alsa have ethical comcerns abaut genetic madification.
Hazards of large-scale cultivatian of GM plants and of chranic exposure
of humans and animals to GM food, are issues of intense debate.

The several aims of this project include the identification of key issues
of the safety evaluation of GM food crops, and also the examination of
whether current research methods are adequate o charactesise specif-
ic salety hazards. 1t will al4o coordinate ongaing reseanch regarding
safety testing of transgenic foods In the framework of the European
research programme FRS, The project aims to design sensitive and spe-
cific mew [in witra) test methodalogies lor the evaluation of The salety
and nutrition of whole complex foeds. In addition, the risks of gens
transfar fram genetically modified arganisms (GMOE] to the gut
micreflora of humans and animals will be examined, Likewise, new
strategies for the detection of the presence of genatic madifications at
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specific threshold levels of raw materials, processed products and food
ingredients in GM foods will also be studied. !t will also examine the
fate of GM raw materials and processed products throughout food pro-
duction chains (tracking and tracing), and develop criteria for quality
assurance systems to guarantee 'non-GMO-containing' materials
throughout food chains. Finally, the project intends to develop a com-
munication platform of producers of GMOs, scientists involved in the
research and safety evaluation of GMOs, retailers, regulatory authori-
ties and consumer groups, with the scope to improve safety assess-
ment procedures, risk management strategies and risk communication.

Approach and methodology

Four working groups will be formed with specific tasks to review and
evaluate relevant aspects of safety evaluation, risk management and
risk communication regarding GM foods and food ingredients.
Members of the groups are experts from different scientific and socio-
economic disciplines and coordinators of the associated research proj-
ects. They will meet regularly and prepare position papers (review doc-
uments on the state of the art and new developments in this area).
These papers will be discussed and integrated into one position docu-
ment by the Integrated Discussion Platform, consisting of members of
the working groups and invited experts from academia, industry, regu-
latory organisations and consumer groups. Two meetings of the
Integrated Discussion Platform (Mid-term Workshaop) will also be
organised. In a Final Workshop, conclusions and recommendations will
be presented.

Main findings and outcome
As a result of the action of the working groups, several issues will be

addressed such as whether current assessment strategies for GMOs
are adequate to establish their biosafety with respect to chronic
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devmiomng plans

eaposure of humars and animals to faods and food products respec-
tively Other specific issues that need to be considered relate to the
mature af the technology applicd. These deserve parficular attention
vilih respect to the blesafety assessment of GMOs, such as the use of
the: antibaotic resistance marker gene. || 2140 Shauld help to assess
whether cument analytical and toxicological test metheds are of suffi-
cient specificily and sensitivily to characterice harards of newly
expressed gene products, and to Identify potential changes in the com-
position of GM food crops as a result of genetic madification (so-called
‘unintended effects’). Another important issue is whether the safety
testing of whabe foads has been improved and alterative methids
which could be developed. Possibde detection methads for identifying
GM foads and food ingredients and appropriate thresholds will also be
determined. The resufts should alse shed light on whether quality con-
trol systems which are based on adminisirative of other procedures are
sufficlent far tracing GMOD materials throughowt the Foad chain. Finalhy,
the project will address whether supply syscems can be designed to
Ruarantee ‘GMO-free’ frods, how transparency in risk assessment and
risk management can be improved, 2nd which criteria should be used
to dewalop a strategy for proper risk communication,

Conclasions
This project showld help to provide infarmation on several iSses relal-
ing 1o the biosafety of GMOs employed in the food Industry. The find-

ings of the working groups will hopefully be useful far he application
of GMOS in agebculiure.



Safety assessment of
biotechnological processes and
products in the agro-food area
(SABAF)

Backaround and objeciives

The Safety Aszessment of Biotechnolegical Processes and Products in
the Agro-Food Area (SABAF) was conceived (o assess the impact and
improve the safety of the use of genetically modifled (G organisms in
the communily and [he environment. [tS 2im is o reach a consensus
within an internatipnal group of researchers, on performance and mon-
itaring systems wsed in the assessment ol biosalely ol bistechnologi-
tal pracesses and prodwcts, and on safe biptechnological production
processes and equipment. Attention is focused on risks associated
with both madem biotechnology invalving GM organisms, and with
‘classical’ products and processes.

This project addressed the use of GM crganisms with respect o foad
safety, occupational safety and communication of knowledge about G
organisms to the general public.
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Major publication

¢ Van der Kamp ].W., Havenaar R.
(eds.), Safety Assessment of
Biotechnological Processes and
Products in the Agro-Food Area,
Proceedings of Workshaops 1-7
(7 volumes).

Approach and methodology

Seven 2-3 day workshops were organised between 1995 and 1997.
Each was attended by 20-35 participants from research institutes, uni-
versities, industry and consumer organisations, from 6-10 European
Union countries. The seven workshops were:

1. Legislation related to biotechnological agro-food processes and
products.

2. Rapid techniques for detection/enumeration of biological materials.

3. Safety issues in work places where biological agents are handled.

4. Allergenicity and toxicity; safety/pathogenicity of micro-organisms.

5. Hygiene monitoring systems for equipment and microbial air con-
tamination.

6. Safety evaluation of novel and transgenic crops.

7. Final workshap. Conclusions and communication of results to non-
scientists.

Conclusions were communicated at international and national confer-
ences, to expert groups, at European and national biosafety training
courses, and in annual progress reports and workshop proceedings.

Main findings and outcome

Three major issues were examined in the area of food safety. Firstly,
microbial infections occur largely due to a lack of understanding of the
major risks and a lack of appropriate guidelines, standards and testing
methods. TNO and other project partners have initiated a major
Thematic Network in the 5th Framework Programme — HYFOMA,
QLK1-2000-01359 ~ for the development and adoption of standards to
ensure hygienic and safe food production. Hyfoma includes also a
broader educational programme. Secondly, the risks of being affected
by known allergens, e.g. egg, milk and wheat proteins, is far higher
than that of being affected by potentially allergenic proteins of GM
foods. This risk increases as food proteins are increasingly used as
‘functional’ ingredients outside their traditional product range (e.g.
wheat gluten in meat products). it is strongly recommended that future
research focuses on increasing the basic understanding of known aller-
gens and allergenicity. Finally, more detailed guidelines for safety eval-
uations were recommended (i.e. the approach recommended by ILSI).

Occupational risks of 'high-tech’, modern biotechnological processes
appear to be far lower than those of 'low-tech' processes, such as
farming, artisan bread baking, and waste sorting, where large numbers
of workers in the European Union have developed occupational aller-
gies. Training and education of workers and management, and the
introduction of low-cost measures to avoid the exposure of workers to
biological materials, need to be a high priority in 'low-tech' processes.




SABAF discussions on monitoring methods, particularly for airborne
biological materials, will lead to improved recommendations.

A crucial aspect of research into GM organisms is the effective commu-
nication of the results to the general public. Experts need to take into
account that perceived risks are 'socially constructed', and that dispar-
ities between expert and lay perceptions are frequently observed. To
provide adequate information to the public, it is essential that the psy-
chological characteristics which determine risk perception be under-
stood. Consumer organisations are being faced with plausible but
opposing opinions (e.g. industry versus non-governmental organisa-
tions), notably in discussions on environmental risks of GM crops.
Clearly, more information and discussion between the conflicting
parties is essential.

Conclusions

The present evaluations of GM products in Europe are unclear, which is
leading to a strong negative discrimination of GM crops compared with
classically bred crops. This highlights the need for the effective com-
munication of information in this area. 'Classical' risks are of compara-
ble, if not larger, magnitude to those of modern biotechnology.
Therefore, legislation as well as the development of new, efficient
assessment methods should focus on areas with high safety risks.
Risks associated with modern biotechnology need to be considered in
the context of those of classical products and processes. The presence
of people with widely varying backgrounds in SABAF workshops, has
contributed to the flow of information across and within member states
and has strengthened the biosafety network in the European Union.







Chapter 5. Bioremediation
. 'l o

Cleaning up polluted
environments:
how microbes can help




(i)



P Intreduction =i

Cleaning up polluted environments:

how microbes can help

Victor de Lorenzo,
CSIC, Centro Nacional de Biotecnologia,
Madrid (ES)

The development of the gene cloning technology by
Cohen and Boyer in the early 1970s constituted a revo-
lution for all of the biological sciences, seeded new
industries based on these sciences, and ushered in the
era of biotechnology. Though the mainstream of effort
in the late 1970s lay in the development of contained
bioreactor-based biotechnological applications, during
the 1980s interest in developing recombinant plants and
micro-organisms for uncontained environmental appli-
cations, such as waste disposal, grew rapidly. This in
turn ignited a scientific and public debate on possible
ecological risks of such applications and stimulated the
extension of research in microbial ecology.

The use of recombinant organisms for environmental
applications differs from that for contained applications
in several important respects. Instead of being propa-
gated as a monoculture in an optimised, controlled
environment with nutrients in excess, the recombinant
organism is introduced into a community of diverse
organisms where it must establish itself, interact with
other members of the community in unknown ways, and
face a multitude of poorly controllable external factors,
some of which place it under considerable stress. Some
environmental situations encountered in bioremedia-
tion, are patently hostile for the recombinant organism.
Thus, whereas contained applications are mainly based
on a few well-characterised micro-organisms such as
Escherichia coli, Bacillus subtilis, Saccharomyces
cerevisiae and some cell lines which perform well in
bioreactors, open applications are based on a more
diverse range of organisms able to survive and perform
in natural communities in the environment, such as
Pseudomonas, Alcaligenes, etc. Efforts in the early
1980s focused on the development of new plasmid vec-
tors based on broad host range replicons. However,
these vectors suffered from the disadvantages generally
common to plasmids. The specific characteristics of
open biotechnological applications clearly necessitated

the development of novel genetic tools and concepts to
engineer new properties and meet the new challenges.
Among others, these included stability without selec-
tion, minimal physiological burden, small size non-
antibiotic selection markers, minimal lateral transfer of
cloned genes to indigenous organisms, and traceability
of specific genes and strains in complex ecosystems.

In this context it comes as little surprise that many of
the efforts of the various EC-supported projects sum-
marised in this chapter were devoted to developing not
only genetic and biochemical tools, but also to concep-
tual instruments to deal with two major questions. First,
can we construct GMOs for release in bioremediation
with an acceptable degree of ecological predictability?
Second, can we monitor the performance of GMOs with-
in a complicated environment, in particular in terms of
their survival, gene transfer potential and impact on the
native microbial population? As is often the case in sci-
entific research, the original questions have given rise
along the way to still more interesting ones concerning
microbial ecology and biodiversity that were perhaps
not anticipated to begin with. Nevertheless, the results
of the various projects discussed in this chapter clearly
indicate two major conclusions. First, that there is little
scientific basis on which to consider microbial GMOs as
agents intrisincally different from their non-recombinant
counterparts. In most cases, microbes designed for
bioremediation processes have been manipulated to
acquire in the laboratory, in a short period of time, prop-
erties that would have otherwise evolved naturally over
a much longer period of time. Second, no evidence has
been found that the deliberate release of GMOs for
bioremediation has caused a measurable negative
impact on the natural microbial community. The conse-
quence is that the frequently inflated concept of risk
assessment, which has fuelled so much controversy and
triggered so many research efforts for a decade, has
moved towards the more rational area of microbial
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ecology and has given a remarkable new value to this
otherwise neglected field.

Although the two conclusions above are in general
(using the scientific jargon) negative results, they are in
fact the pillars that allow us to shift the emphasis of
research in biodegradation and bioremediation from
such risk assessment to much more meaningful biologi-
cal and ecological questions. Fortunately, the public has
anticipated such a shift much earlier than the normative
bodies. These are sometimes reluctant to accept that,
on the basis of research that has been going on for
many years now in Europe (mostly under EC sponsor-
ship) and elsewhere, there are very few risks (if any at
all) in the use of GMOs in bioremediation — certainly far
less than letting pollution go untreated. As reflected in
the last Eurobarometer survey, on the social perception
of biotechnology, biological research for environmental
remediation is precisely the application of genetics that
Europeans sympathise with the most and are least con-
cerned with regarding risks.

How can Europe capitalise on the intellectual potential,
the excellent research and the vigorous networking that
the EC-supported hioremediation activities have created
over the years in the various Framework Programmes?
We are in a privileged position to move now towards the
new challenges of biodiversity and microbial ecology.
Important for us as it is, human genetics and human
genes in fact contribute very little to the extraordinary
biological diversity of the biosphere. We know nearly
nothing (perhaps less than 0.1%) of the overall genetic
pool of planet Earth. While we know much about animal
and plant diversity, the microbial word (that may
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contribute over 80% of the total biomass on the planet)
is still a terra incognita, due mostly to our failure to
access micro-organisms that cannot be easily cultivated
with traditional techniques. The growing demand for
medicaments for human health, and novel biocatalysts
for industry and environmental preservation and reme-
diation places entirely new significance on the explo-
ration of microbial diversity as a veritable activity mine.
There, the bulk of unknown life forms, enzymes and
bioactive molecules lie waiting to be discovered and
applied for the benefits of humans and industrial oppor-
tunities. If the many techniques and concepts that have
emerged from the projects summarised in this chapter
can be harnessed and made to join forces with the
novel genomic approaches currently emerging, together
they will provide materials and conceptual tools to tack-
le the challenge of accessing microbial biodiversity with
an entirely new strength.

As a final reflection on research on microbes destined
for environmental release, let me share my feeling that
a major source of innovation in the next decade will
originate at the interfaces of (molecular) microbiology
with what one may call traditional industrial disciplines
such as agriculture, mining, materials science and
industrial waste management. Although the direct
impact on citizens’ lives may not be quite the same as
that of new medicaments, the possibilities in these
areas are immense. Microbial alternatives to chemical
pesticides and fertilisers, bacteria that specifically
remove sulphur atoms from fossil fuels, or microbes
designed to convert extremely toxic chemicals into valu-
able products, are just a few of the many movements
we will witness in years to come.




Genetic tools for constructing Contract number
genetically-modified micro- BIOT-CTor-0293
organisms (GEMs) with high Period
predlctablhty In performance October 1991 - September 1993
and behaviour in ecological Coorinator

microcosms, soils, rhizospheres  ¢sc
an d r | ver Sed | men tS Estacién Experimental del Zaidin

Granada (ES)
Background and objectives Follow-up of the project
This project was continued in EC

Many organic compounds including numerous pollutants are broken project: BI02-CT92-0084 (p.143).
down by microbes. However, polychlorinated biphenyls (PCBs) are
recalcitrant to microbial degradation. They persist in the environment, Partners
are toxic to micro-organisms, may inhibit degradative pathways and * S. Molin
can enter the food chain where they present health hazards. Therefore, Technical University of Denmark
the removal of PCBs from the environment is a high priority task. Since Lyngby (DK)
PCBs are found in large volumes in soils and sediments, in situ degra- * K.N. Timmis, D. Dwyer
dation may be an effective approach. The aim was to transfer the PCB National Research Centre for
degradation pathway from PCB-degrading bacteria, which survive poor- Biotechnology (GBF)
ly in soil, into bacteria found associated with plant roots and which can Braunschweig (DE)
survive in soils. The result would be to create recombinants with an o V. de Lorenzo
improved ability to eliminate organic solvents. Pseudomonas sp. csic
LB400, the best known PCB degrader, was used as a model system. Centro Nacional de Biotecnologia

Madrid (ES)
Approach and methodology ¢ D. Dowling

Institute of Technology
The catabolic bph genes were transferred into the chromosome of Carlow (IE)

indigenous bacteria, particularly those of the sugar beet rhizosphere.
The resultant recombinants were screened for their ability to
degrade PCBs.

The behaviour of GEMs released into the environment has not been
extensively documented, therefore it is useful to restrict their survival
to increase their predictability in the environment. The Pseudomonas
model was used to construct contained GEMs. The gef killing gene was
coupled to the PCB regulatory system. The system was based on two
elements. The control element consisted of a fusion between the TOL
meta-cleavage degradation pathway promoter (Pm) and the Lacl
repressor protein, plus the xyiS gene encoding the XylS protein that
respond to chlorobenzoate effectors. The killing cassette element con-
sisted of a fusion between the Plac promoter and gef. Thus in the pres-
ence of PCBs the bacteria produce the Lacl protein, which prevents the
expression of the killing gene. In the absence of PCBs the expression of
the killing cassette is no longer repressed and the bacteria die.
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PeduTivd,

T limit the rate of lateral tramsher af recombinant DA (rONA) 2 gene
containment System was developed. This consisted of & killing element
itha coif g pane which encodes an RMasa that cleaves all prokanystic
165 rRMA} and a contml element (the immE3 gane which encodes a
specilic repredsar of the lethal functian), In the GEM the killing gene is
closely Enked to the rOMNA detarmining the new tralt, whareas the con-
trol element is not. Thus transfer of the rRHA would be accompaniad
by transier of the le{nal gene butl nof (he contral gene amd o if pene
transfer accurred the recipient orgamlsm would be killed.

Kain findings and outcome

(ne major drawback of PCB-degraders is the resparsiveness of the negula-
oy circuil B the subsirale. Therefare we esamined the reggslatiaon af the
system i wivo, and partioularly its potential to express the hph gene undes
different conditions and its inducibdlity by FCBs, Bph genes wene constibu-
tively supressed at high levels sven in the ahsénoe of PCBS. Expoture of the
cells ta PCRs resubied in & further increase of bagh espression, Thus bpdk
genes can be expressed in diverse emvironmental canditions,

The bpk operon was transferred to Psapdomanas F117 and seventean
Gram-negative bacteria isolated from river sediment, The functianality
al the aperan in the modified organisms was confirmed by their &bilidy
to grow an PCHS. The noved genetic trait was stably maintained for over
204 genaratians in the recombinant bacteria, The hph operon was not
transfemed (o related bacteria, The survival, colomisation and CosmipsaLi-
tive abilitles of the recombinants were unaffected,

The TOL catalytic patheeay was explaited to control gene expression
through artificial cascades to develop biologlcally contained strains.

A suchde confainment System wirt incorporatied rmndamby inta the

£ putida chromosome. in both lguid cultures and sterile and non-ster-
ils 40il microcesms the recombinant bearing the containment system
behaved as prediched, Mutanis resistand o cell killing arose at a e
quency of around o5 bo a0t per cell per generation. [n bagteria con-
taining two copies of the killing casssatte the frequency of such mutants
decreased 10 around 108 prr ol per generation, Mutations were fhere-
fgre linked o the killing element and not {0 the regulatory elemsan,




The introduction into the soil of the contained bacteria did not have
significant effects on natural PCB-degraders already present.

A system was designed using colicin E3 and immunity E3 as contain-
ment genes and to decrease undesirable horizontal gene transfer.
Colicin E3 kills all prokaryotes by inhibiting protein synthesis. This
makes it a powerful tool for decreasing dispersal of recombinant genes
among indigenous micro-organisms in ecosystems into which a GEM is
deliberately or accidentally introduced.

Conclusions

We dissected the regulatory circuits involved in the control of a bacterial
pathway for degrading chemical pollutants. The genes for this pathway
were introduced into the host chromosome of indigenous bacteria iso-
lated from various ecological niches in which in situ bioremediation
treatment may be required. Ecologically, the recombinant bacteria
behave like the wild types. Thus, the first GEMs specifically designed
to degrade pollutants, equipped with either circuits for biological con-
tainment or barriers to limit lateral transfer of rDNA, were developed.
We showed that the survival and behaviour of GEMs, and rDNA
transfer, can be rendered predictable.

Quantifying the impact of
GMOs in the environment:
development of non-disruptive
biomarkers to monitor stability,
expression and mobility of
recombinant genes in polluted
ecosystems

Background and objectives

Surface reporters are outer membrane proteins bearing distinct anti-
gens that become exposed on the bacterial surface and, therefore, can
be detected non-disruptively with cognate monoclonal antibodies.
Three reporters of this type have been developed. Each of the corre-
sponding reporter genes have been placed in front of promoters of
biodegradative pathways and their performance has been validated in
activated sludge and rhizosphere microcosms. These antigenic markers
have been used in combination with a suite of optical reporters.

(1) This project was a direct follow-on from EC project BIOT-CT91-0293 (p.141).

¢ Ronchel M.C., Ramos-Diaz M.A.,
Ramos J.L., “Retrotransfer of DNA
in the rhizosphere”,

Env. Microbiol., 2, 2000,

pp. 319-323.

* Molina L., Ramos C., Ronchel M.C,
Molin S., Ramos J.L., “Construction
of an efficient biologically contained
Pseudomonas putida strain and its
survival in outdoor assays”.

Appl. Environ. Microbiol., 64, 1998,
PPp. 2072-2078.

* Molina L., Ramos C., Duque E.,
Ronchel M.C, Garcia J.M., Wyke L.,
Ramos J.L., “Survival of
Pseudomonas putida KT2440
in soil and in the rhizosphere of
plants under greenhouse and
environmental conditions”.

Soil Biol. Biochem., 32, 2000,
pp. 315-321.

Research project - -

Contract number
B102-CT92-0084

Period
January 1993 - December 1995

Coordinator

V. de Lorenzo

csic

Centro Nacional de Biotecnologia
Madrid (ES)

£143)




Follow-up of the project

Genetic tools for the construction of
bacterial consortia in bio/mineral
catalysts with activity on environ-
mental pollutants (B/04-CT97-2183).
Rational design of formatted catabol-
ic segments for engineering superior
bacterial biocatalysts for degradation
of chloro and nitroaromatics
(BI04-CT97-2040).

Since these two projects focus on
environmental remediation rather
than GMO biosafety, they are not
included in this review.
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Major publications

¢ Cebolla A., Guzman C. and de
Lorenzo V., “Non-disruptive detec-
tion of activity of catabolic promot-
ers of Pseudomonas with an anti-
genic surface reporter system”.
Applied and Environmental
Microbiology, 62, 1996,
pp- 214-220.
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Two types of genes endowing optical properties to bacteria that har-
bour them have been thoroughly exploited as reporter systems. First,
the luxAB genes of Vibrio harveyi that, when engineered into the chro-
mosome of a target cell, makes detection of individual genetically mod-
ified cells possible using highly sensitive cameras connected to the
microscope. The second development is the utilisation of the green flu-
orescent protein (GFP) from jellyfish as a general reporter system in
bacteria. These genes have been used along with classical reporters
(e.g. lacZ) in combination with fluorescent substrates.

This project aimed to develop genetic tools to follow the activity of
bacteria destined for environmental bioremediation. The main focus
was the design and validation of these and other novel markers that
will allow quantitative monitoring of biodegradative activities and the
presence of genetically modified organisms (GMOs) at the level of
single cells.

Approach and methodology

Genetic markers, either optical or antigenic, were expressed through
inducible promoters of catabolic pathways in Pseudomonas and their
performance was examined in representative microcosms. The same
markers were used, simultaneously, for the non-disruptive detection of
gene transfer to or from GMOs engineered with various levels of bio-
logical containment.

A complete set of vectors to design circuits of conditional gene expres-
sion activated by DNA transfer were developed and their performance
confirmed. Depending on the construction, these allow expression of a
reporter gene (lacZ or GFP) as soon as the DNA sequence involved
escapes the original host or enters a specific recipient.

Main findings and outcome

The performance of the system has been examined in various configu-
rations allowing non-disruptive detection of transfer frequencies as low
as 105-10-6. Also, some regions of the TOL (toluene biodegradation)
plasmid of P. putida involved in retrotransfer of chromosomal genes
have been pinpointed through transposon mutagenesis, providing the
basis to understand this ecologically important phenomenon of gene
capture.

The results of this project address two major issues at the root of novel
biodegradation and bioremediation approaches using GMOs as biocat-
alysts, namely, the development of tools to study community structure
and the regulation of catabolic pathways. As a starting point, a reliable
flow-chamber biofilm system was designed for establishing microbial
communities under controllable conditions. The chambers may be
mounted directly on a fluorescence microscope for on-line inspections.




I situ rRMA bybridisation is then used for analysis of the species com-
position of the flew-chamber communities, a5 well as for detecting the
presensn and activity of genes involved, as a model, in bisdegradation
af falusna.

& simplie but éfecive method has been developed to maintain the
biofilm structure of these bacterial communities fvolving matrizing the
consortia in polyaomydamide. This allows studies on community struct s
and three-diménsinal organisation through confocal scanning laser
micrescapy that ylelds images of excellent quality and Mgh resolurion,

The mechanism of activalion of the toluensa-responsive franscripdional
regulator Bk of the TOL pathway was defermined, Genetlc and blo-
chemical data showed that effector binding o the N-4erminal domain
aof the profein results in the release of the intramedecular repression
enerted by this portion of the activalor on the rest of the protein, These
resulis lay the foundation for the ratlonal deslgn of transeriptianal reg-
ulatars responsive fa predetermined signals. The regulation of the EPH
yatem of Pseudomonas sg. LB4oo far biodegradation of chiarinated
biphenyis (PCEs) has been examined In the nathve host as well 25 in
heterodogous hosts able ta colonize the rhizosphere of sugar beet
plants. Although expressson af the bph genes & nat respansive (o
pathway substrates, the genes are eapressed at sufficeant levels to
llow deteclion of biodegradative activities associated with the raats,

Conclusions

Surlace reporters kave proved to be elfective as monitons of specific
promater activity i unireated environmental sampies. The use of jelly-
fish green fluarescent protein (GFP) as a reporter has been exlended
amd generalised o micrabial ecology dludies, We have also developed
genetls tools for non-disruptively detacting general ar specific gene
transfer and have describad physical techmigues for ihe assembly and
siruchure analyss of bacterial communities. Varlous genes invaived in
responses ta stanvation and oxidative stress of nan-entaric bacferia
were found and amployed as markars of the cells physhalogical status.
On this bases, we copclude that there are no magor technical limitatians
ta the monitoring of GMOs released Into the enviranment,

= Féraz-Martin |. and de Lorenzo ¥,
"ATP binding to the ss4-dependent
activator Xyl trigeers a pratein
multimerization cycle catalysad by
UAS DA™,

Cirll, 86, 1596, PO, 33330

s Brazil 0., Kensfick L, Callanan M.,
Haro A, de Losenzo V., Dowling DLK.
and 0°'Gara F., “Construction of a
rhizesphene pseudomonad with
potential to degrade polycharinat-
ed biphenyis and detection of bk
Eene expressinn in the rhizosphere”,
Applited and Environmental
Microbiplegy, 61, 1995,

Bp. 1o46-t052,

# Munthali M., Thnmis KN, and
Diaz E., “Restricting the dispersal
al recombinant DNA: Desdgn of a
contalned biclogical catalyst”.
Bia/Technology, 16 19956,

Pp- 183-191.

= Ramos |.L., Diaz £, Dowling O,
de Lorenza V., Malin 5., 0'Gama F,
Ramias C, and Timmis KN,
“Behayior of bacteria designed for
biodegradation™,
faTechnology, 12, 1994,
PR 1345013586,

F1as




2 'Research project -

Contract number
BIOT-CT91-0284

Period
October 1991 — September 1993

Coordinator

M. Mergeay

Laboratory of Genetics &
Biotechnology (SCK/VITO)
Mol (BE)

Follow-up of the project
This project was continued in EC
project BI02-CT92-0491 (p.173).

Partners
* W. Verstraete
University of Ghent (BE)
¢ ). Figuereido Marques
Instituto de Biologia Experimental
e Tecnologica
Oeiras (PT)
¢ J.C.Fry
University of Wales
College of Cardiff (UK)

Fate of genetically engineered
microorganisms (GEMs) and
genetically engineered DNA
Sequences (GEDs) in some
environmental hot spots

Background and objectives®

Genetically modified micro-organisms (GMMOs) may be expected to be
released in soil environments either via deliberate release (for agricultur-
al or bioremediation purposes) or via accidental (undesired) release.
Among the possible ways of gene dissemination, plasmid-mediated bac-
terial conjugation proved to be highly relevant, as the transfer of environ-
mental conjugative plasmids into recipient strains that were introduced
in river and other ecosystems was found to occur. Furthermore, special
attention has to be given to Broad Host Range (BHR) plasmids and their
potential for gene dissemination and gene rearrangements: some BHR
plasmids display the phenotype of gene capture (retrotransfer), to the
advantage of their hosts and may also carry degradative genes that
allow their hosts to degrade man-made chlorinated chemicals.

We have studied the behaviour of GMMOs in some environmental “hot
spots” (agricultural and polluted soils), with special emphasis on the
presence of BHR plasmids in such environments and the role of these
plasmids in gene dissemination.

Approach and methodology

The behaviour of GMMOs and their recombinant DNA (rDNA) was
assessed in microcosms that simulate environmental hot spots: plant-
soil ecosystems, river sediments, soils polluted with chemicals. The sur-
vival and mobility of GMMOs and the transfer of cloned rDNAs (metal
resistance or degradative genes have been used here as engineered
DNA) into appropriate introduced recipient strains and inta the indige-
nous population were followed. The role of BHR plasmids in the dissemi-
nation of rDNA was assessed by introducing the plasmids into micro-
cosms in either the donor or recipient strain, or in a helper strain. The
presence of natural transfer potential in the environmental hot spots was
assessed by the exogenous isolation of BHR plasmids from the environ-
mental samples. The genetic and molecular composition of the samples
was determined, with emphasis on their conjugation and gene dissemi-
nation properties. The mechanism of retrotransfer was also investigated.

(1) This project was a direct follow-on from EC project: Transfer, survival and
spread of genetically manipulated organisms (GMOs) in river sediments, soils
and agricultural environments (BAP-0043/0366/0367/0379, p.148).
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Main findings and outcome

The microcosm studies showed that recombinant DNA cloned in a vari-
ety of vectors could be disseminated from host strains into the recipi-
ents tested. This required the intervention of conjugative plasmids and
occurred at variable frequencies, depending on the nature of the vector
in which the recombinant DNA was cloned. It was shown that the pres-
ence of BHR plasmids in a soil recipient (especially those equipped
with efficient transposons or other mobile genetic elements) may facili-
tate the dissemination of genes cloned in vectors that were supposed
to ensure gene confinement. Since genes can be captured by BHR plas-
mids, (@ manifestation of the retrotransfer phenotype of some BHR
plasmids) this puts a limit on the safety of such vectors. However, this
kind of conjugation-mediated release of recombinant DNA was almost
only observed in sterile soils. Competition with indigenous microflora,
predation by other (mostly eukaryotic) microbiota, lack of available
nutrients and the absence of selection pressure linked to the recombi-
nant DNA cumulatively compromised the survival of the tested
GMMOs. However, if selection pressure acting on the relevant degrada-
tion or metal resistance genes is present, gene dissemination to the
added recipient cells and even to the indigenous microflora may be
detected as a consequence of the enrichment of rare transconjugants.
These conditions of selection pressure are not at all representative for
most recombinant DNA, especially those of eukaryotic origin, that is
cloned in bacterial GMMOs, and for which there is usually no selective
pressure in the environment.

Thus, the systematic exploitation of a catastrophe scenario that was
specifically designed to easily detect very rare events and to optimise
gene dissemination emphasises how limited the survival of released
lab strains and their rDNA seems to be. These studies also emphasise
the importance of BHR plasmids and other mobile genetic elements in
the transfer of genes in all the tested environments. Furthermore,
selection pressure may help the dissemination of genotypes with rele-
vance to soil remediation.

Two strategies of exogenous isolation of plasmids from the indigenous
communities (river stream and soil biotopes) successfully provided
new BHR plasmids that were further studied in subsequent EC pro-
grammes. GMMOs (E. coli, Pseudomonas or Ralstonia strains) were
shown to easily get new plasmids from these environments. It was also
found for the first time that PCB (polychlorobiphenyl) degradative
genes can be carried by large transposons which can transpose onto
BHR plasmids, and a first approach to analyse the mechanism of such
retrotransfer (plasmid-mediated gene capture to the benefit of the
plasmid host) was carried out, emphasising the high frequency of the
phenomenon and its ecological significance.

Major publications

® De Rore H., Top E., Houwen F,
Mergeay M., Verstraete W.,
“Evolution of heavy metal resistant
transconjugants in a soil environ-
ment with a concomitant selective
pressure”.

FEMS Microbiol, Ecol,, 15, 1994, p. 71.

* Dijkmans R., Jagers A., Kreps S.,
Collard J-M., Mergeay M., “Rapid
method for purification of soil DNA
for hybridization and PCR analysis”.
Microbial releases, 2, 1993, p. 29.

e Springael D., Kreps S., Mergeay M.,
“Identification of a catabolic
transposon Tn4371, carrying
biphenyl and 4-chlorobiphenyl
degradation genes in Alcaligenes
eutrophus cells”.

J. Bacteriol., 175, 1993, p. 1674.

e Top E., Van Rolleghem P.,
Mergeay M., Verstraete W,,
“Determination of the mechanism
of retrotransfer by mechanistic
mathematical modelling”.

J. Bacteriol., 174, 1992, p. 5953.

¢ Top E., De Smet |., Verstraete W.,
Dijkmans R., Mergeay M.,
“Exogenous isolation of mobilizing
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Conclusions

BHR plasmid-mediated gene transfer plays a role in the capture and
the subsequent dissemination of recombinant DNA cloned in current
vectors carried by standard GMMOs. On plate matings or in sterile
microcosms, the frequency of such events is measurable but generally
low, and they virtually escape any detection under real environmental
conditions that accompany the release of GMMOs. New BHR plasmids
could easily be isolated from all the tested microbial communities.
These plasmids have a measurable potential to disseminate genes
across taxonomic barriers. These findings are of importance in the con-
text of natural horizontal gene transfer as an evolutionary force and as
a part of the “genetic landscape” in which long term biosafety issues
must be considered.

Transfer, survival and spread
of genetically manipulated
organisms (GMOSs) in river
sediments, soils and
agricultural environments

Background and objectives

Genetically engineered micro-organisms (GEMs) are likely to be acci-
dentally released to, or deliberately used in, aquatic or terrestrial habi-
tats. Potential environmental uses of GEMs include waste treatment,
detoxification, control of agricultural pests and plant growth stimula-
tion. Little is currently known about gene flow or inoculant survival in
natural populations of bacteria so the fate of GEMs or their DNA is
unknown. Studies on plasmid transfer and inoculant survival in soil
and water are therefore necessary.

This research aimed to study the transfer of natural plasmids, isolated
from soil and water, and of recombinant plasmid vectors between
species of Escherichia coli, Pseudomonas and Alcaligenes. Heavy metal
resistance genes and lactose-utilisation genes were used as markers.

Approach and methodology
Plasmids are self-replicating units of DNA. We investigated the roles of

the key genetical and environmental factors that might limit their trans-
fer. Laboratory microcosms were designed to investigate their transfer




and survival in water and soil. The survival and mobility of genetically
marked plant beneficial pseudomonads was studied in soil microcosms
and lysimeters, to simulate an agricultural soil environment. To ensure
the validity of the results recently isolated, natural strains of bacteria
and plasmids were used. Laboratory and field results were compared
whenever possible.

Main findings and outcome

Plasmids were found to transfer actively in the conditions pertaining in
soil and river epilithon. Transfer between a wide variety of bacteria,
including heterotrophs, sulphate reducing bacteria and cyanobacteria,
was shown to be possible. Retrotransfer allowed movement of small
recombinant plasmids directly into natural bacterial communities.
Plasmids from aquatic bacteria were clearly shown to be able to cap-
ture recombinant DNA by retrotransfer. Similarity was demonstrated
between plasmid transfer on stones in a stream microcosm and in situ
in the river studies. Survival and mobility studies of plant growth bene-
ficial pseudomonads demonstrated that bacteria could survive well in
agricultural soils, especially when a dry inoculum was used.
Pseudomonad mutants with impaired survival were isolated and shown
to have the potential for DNA containment,

Conclusions

Important methodological advances were made in this study. These
included a gene escape model which used a transfer proficient £. coli
containing a heavy-metal resistance gene cassette, and an efficient
marker system for soil pseudomonads with a novel lactose utilisation
DNA insert.

The patential for retrotransfer in aquatic bacteria was shown. Likewise,

a stream microcosm for simulating plasmid transfer between GEMs on
river stones was developed.
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Analysis of in situ behaviour of
genetically engineered bacteria
In standardised microcosms

Background and objectives

The successful application of bioremediation technology for degrada-
tion of environmental pollutants may require that genetically modified
micro-organisms be introduced into the environment. Because of their
perceived novelty, it is necessary to evaluate such GMOs for any poten-
tial risks associated with their release into the environment. It is also
necessary to assess their survival and ability to degrade pollutants.

Approach and methodology

Two poliutant-degrading, genetically modified micro-organisms were
studied. Both carried genetic modifications affecting the catabolic
pathways for degradation of substituted aromatic compounds. The
strains were introduced into contained activated sludge and soil micro-
cosms, and their behaviour was evaluated. Three factors were
assessed: first, the effects of physico-chemical and biological variables
on the survival and activity of the strains; second their ahility to
degrade pollutants in situ; and third the frequency of transfer of recom-
binant DNA from the strains to other micro-organisms. The third of
these phenomena was evaluated as a risk associated with the intro-
duction of the GMO into the environment.

Main findings and outcome

The strains survived in activated sludge and in sterile soil. However,
survival depended on the physico-chemical and biological conditions.
The modified strains degraded poltutant compounds added to the
microcosms via the modified degradation pathways. The genetic mate-
rial introduced into the chromosome of these GMOs did not transfer to
other micro-organisms. However, recombinant DNA on plasmids could
be transferred to other micro-organisms and expressed. Transfer main-
tenance and expression of the DNA was dependent on the type of
recipient micro-organism. The rate of transfer was also dependent on
the nutrient level in the environment, the temperature, and the degree
of agitation. This work demonstrates that genetically modified micro-
organisms can be used for bioremediation.

Conclusions
This work was the first to demonstrate that genetically modified organ-

isms, in this case micro-organisms, specifically designed to degrade
pollutant compounds did indeed express the desired activities, and




thereby degrade the target pollutants in conditions found in the envi-
ronment. The project thus confirms that GMOs may have a contribution
to make in cleaning up environmental pollution. However, to ensure
containment of the introduced genes, any recombinant DNA should be

integrated into chromosome of the modified strains, and not carried
on plasmids.
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Novel tools and techniques
to track GMOs

Kornelia Smalla,

Federal Biological Research Centre for Agriculture and Forestry,

Braunschweig (DE)

To exploit the full potential of genetically modified
micro-organisms (GMOs) and to assess adequately the
potential impacts on the environment of their applica-
tions, an improved base-line knowledge of microbial
ecology is still required. In particular, the facts that only
a small proportion of bacteria are readily accessible
through standard cultivation technigues, and that bac-
terial cells can lose the ability to grow on solid media as
a response to environmental stress, complicate assess-
ment of the environmental fate and performance of
GMOs. To overcome this cultivation bias, novel tools and
techniques need to be developed. The EU-supported
projects which are summarised in this chapter have con-
tributed considerably to rapid progress in developing
such tools and techniques in order to provide the neces-
sary new insights into microbial diversity and the
methodology for monitoring the fate of environmentally
released GMOs and their potential effects on microbial
communities.

Since clear phylogenetic identification and classification
of bacterial or fungal hosts subjected to genetic modifi-
cation is a crucial aspect of the information required for
safety evaluation, according to the Directive
90/220/EEC, the projects BIOT-CT91-0294 {p.157) and
BI02-CTg94-3098 (p.158) aimed at developing rapid, reli-
able and inexpensive technigues to identify micro-
organisms. Many of the techniques which have been
developed by these projects have now become routine
and are widely applied for the characterisation and
identification of environmental isolates. In particular,
the use of the 16S rRNA, based on cloning of 165 rDNA
fragments amplified from directly extracted nucleic acid
genes as a molecular marker, is now an established
method for determining phylogenetic relationships and
for analysing ecosystems. The development of an auto-
mated and highly sensitive software programme for
probe design and assignment of newly determined 16S
sequences into the phylogenetic tree is also a major

achievement. This publicly available database is of
great use to microbial ecologists. In addition, DNA-
based techniques have been developed for the detec-
tion and rapid identification of biotechnologically or
medically important fungi (BI0-CTg91-0301, p.160 and
B102-CT94-3011, p.162).

The potential of marker and reporter genes, which
enable sensitive and specific monitoring of GMOs and
their DNA in different environmental conditions, has
been demonstrated for examining the fate of GMOs
released into the environment in a series of projects
(BAP-0141/0369, p.164, BAP-0040/0361/0419, p.165
and BI04-CT96-0434, p.167). In addition, combining
advanced microscopic technigues with reporter genes
or fluorescently labelled probes has facilitated in situ
analysis of microbes. As a result, it is now possible to
gain information on the population structure, compart-
mentalisation of bacterial communities, specific gene
expression and transfer, without disturbing the complex
interactions that exist, for example, within a biofilm.
Reporter gene fusions have been extremely valuable for
the analysis of gene expression in rhizobacteria in
response to the presence of fungal pathogens
(B102-CT94-3001, p.170). The concerted action MAREP
(BI04-CT96-0434, p.167) greatly facilitated information
and technology exchange between laboratories having
expertise with different marker and reporter genes.
Marker genes were in general considered as safe for
use in the laboratory or under field conditions. However,
it was recommended that the use of genes encoding
resistance to clinically relevant antibiotics in the envi-
ronment should be avoided.

A better understanding of horizontal gene flux as a nat-
ural phenomenon and as a feature of microbial flexibili-
ty and adaptability in response to changing environ-
mental conditions, and its implication for the biosafety
evaluations of GMOs, was obtained through the
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projects (BAP 0141/0369, p.164, BAP 0383/0421/0485,
p.172, BAP 0370/0378, p.177, BIOT-CT91-0285, p.175,
BIOT-CT98-0287 and B102-CT92-0491, p.173). New
approaches and molecular tools have opened up a new
dimension in our ability to investigate the diversity and
distribution of the horizontal gene pool. Thus it could
be demonstrated that soils and soil-related habitats
commonly contain bacteria that have a gene mobilising
capacity (B102-CT92-0491, p.173). For the first time, in
situ acquisition of mercury resistance plasmids by
GMOs colonising the phytosphere of sugar beets and
the mobilisation of non-self-transferable plasmids by

indigenous bacteria in freshly manured soil was detected.

New approaches and molecular tools were developed
and applied to survey the reservoirs of antibiotic resist-
ance genes and mobile genetic elements in different
environments (BI02-CT92-0491, p.173, BI04-CT98-0053,
p-179, BI04-CT98-0099, p.181 and BI04-CT98-0424,
p.184) and their distribution in response to selective
pressure. The antibiotic resistance genes surveyed were
found in all environments analysed and were often locat-
ed on mobile genetic elements. Hot spots of antibiotic
resistance genes and mobile genetic elements could be
identified. The flow of antibiotic resistance genes, aided
by mobile genetic elements, between different environ-
mental compartments and the role of selective pressure
is not only important for improving management of the
serious problems raised by antibiotic resistant
pathogens but also for predicting the fate of introduced
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transgenic DNA. In the concerted action MECBAD
(BI04-CT98-0099, p.181), groups working on the molecu-
lar biology and ecology of mobile genetic elements link
their expertise to improve the basic knowledge of the
environmental factors which stimulate or limit the main-
tenance and transfer of mobile genetic elements under
environmental conditions, to understand better gene
acquisition and spread of novel traits, and to provide
new tools for the biotechnological exploitation of mobile
genetic elements. The baseline data generated through
these EU-supported projects has thus provided impor-
tant information, particularly for biosafety evaluation of
antibiotic resistance genes used as markers in trans-
genic plants, on the fate of transgenic DNA and on the
role of selective pressure.

During the past decade the application of new methods
to study microbial communities has greatly improved
our ability to analyse microbial communities, and
important base-line data has become available. At the
same time it has become evident how little we know
about the structural and functional diversity of micro-
bial communities. More and more bacteria are recog-
nised as multicellular organisms, and intercellular com-
munication has become one of the fields in microbial
ecology attracting a lot of attention and revolutionising
our view of how bacteria operate. Thus, to study
micrabes in complex microbial communities adequately
remains a challenge to microbial ecologists and will
require further efforts and support.




High-resolution automated
microbial identification:
improvement of nucleic acid
probe techniques

Background and objectives

The ability to identify bacteria is important to a variety of activities and
disciplines including medicine, ecology, biotechnology and food
hygiene, and when considering the safety of genetically modified
organisms. There are numerous ways to classify bacteria and to assess
how related two or more bacterial isolates or populations are to each
other. They include genetic analysis, analysis of protein content, or of
the similarities between particular proteins in the different bacteria,
testing the biochemical activities of the isolates and analysis of
immunological properties. However, different methods do not neces-
sarily give exactly the same findings, as when one trait is studied bac-
teria may appear to be very similar whereas when a second trait is
studied they may appear very different. Furthermore, different methods
are differently suited to different purpases. This project develaped
improved technology for the rapid and accurate identification of bacte-
ria, and assessed and compared the utility of various methods.

Approach and methodology

The approach was largely methodological, and included the develop-
ment of automated systems. The project developed technology in
diverse fields including nucleic acid sequence analysis, immunology,
analytical chemistry, instrumentation and separation techniques. First,
ribosomal RNA (rRNA) sequences, chemical biomarkers, macromolecu-
lar profiles and stable antigens of a large panel of commercially and
environmentally relevant groups of micro-organisms were analysed.
These data were then used to establish taxonomic relationships at the
genus level and above and thereby a framework microbial taxonomy.
The different approaches were then compared and analysed with
respect to their utility, and the most useful used to expand existing tax-
onomic databases. Finally, nucleotide probes, in particular for rRNA,
were developed for sensitive and specific identification for taxonomic
purposes, and automated systems using these probes designed for
handling large numbers of samples.

Main findings and outcome
The progress made by this project was both substantial and diverse.

For example, the sequence and diversity of Pseudomonas rRNA was
thoroughly investigated and exploited for nucleotide probe
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development. Species specific probes were obtained, and automated
ribotyping based on restriction fragment size was validated for the first
time. The associated software was developed and made available for
industrial applications. The project also made significant advances in
the use of low molecular weight RNA (tRNA) for taxonomic purposes
and established a low molecular weight RNA database. Various other
types of technique were also developed, including: PCR assays; super-
critical fluid chromatographic analysis; and ELISA. With the wealth of
data generated, extensive phenotypic and chemotaxonomic databases
were established.

High-resolution automated
microbial identification
(HRAMI) and applications to
biotechnologically-relevant
ecosystems

Background and objectives®

This project aimed to develop technology to solve the problems of
microbial identification, classification, detection and quantification. We
aimed to develop new automated procedures to rapidly, reliably and
inexpensively identify micro-organisms and for the comparison and val-
idation of problematic bacterial taxa. It was hoped that the new meth-
ods would enable the expansion of microbial taxonomy databases to
include unknown microbes.

Approach and methodology

A model polyphasic study of the pseudomonads was used to analyse
several hundred strains belonging to over 60 species of the genus
Pseudomonas (sensu stricto) and species formerly classified as
Pseudomonas, which are now known to belong to genetically distinct
phyla. Sequence data of the 16S and portions of the 235 rRNA genes,
ribotypes, small molecular weight stable RNA (5S and tRNA) profiles,
polar lipid and fatty acid characterisation, total protein profiles and
DNA fingerprinting were correlated. Nested sets of gene probes were
developed for genus and species identification.

(1) This project was a direct follow-on of EC project “High resolution of automated
microbial identification: improvement of nucleic acid probe techniques”
(BIOT-CT91-0294, p.157).




Main findings and ocutcome

A database of microbial taxonomy was established and used to assess
the impact of anthropogenic influences, including genetically engi-
neered micro-organisms, on the environment and microbial diversity.
The database now includes over 430 small subunit rRNA sequences
and over 7000 large subunit rRNA sequences.

The model polyphasic analyses were completed for over 450 selected
reference strains.

Conclusions

An automated and highly sensitive software programme for the analy-
sis of rRNA sequence data was developed and used to compile a data-
base of rRNA probes which is publicly available. We alsa campiled
extensive chemotaxonomic and phenotypic databases as well as a tax-
onomic database of the pseudomonads.

The 16S rRNA gene sequences of reference strains was completed for
Actinomyces, Arcanobacterium, Arthobacter, Brevibacterium,
Cellulomonas, Corynebacterium, Oerskovia and Sanguibacter.
Establishment of comprehensive 16S rRNA gene sequence databases
for coryneforms and actinomycetes facilitated the recognition of new
genera and species.

We developed and evaluated a PCR sequencing strategy for the rapid
characterisation of the gene encoding the B’ sub-unit of DNA-
dependent RNA polymerase.

Modification and optimisation of methods for bacterial cell and DNA
extraction from different soil types gave approximately three times
more DNA than previous methods and the resultant DNA could be used
directly for PCR amplification. A highly sensitive method was devel-
oped for DNA quantification that could measure the DNA concentration
in crude soil extracts. Similarly we developed a method to isolate ribo-
somes from peaty grassland soil and to quantify different bacterial
groups by RT-PCR and TGGE profiling.

We developed non-radioactive methods for DNA-DNA hybridisation for
Gram-negative bacteria, Gram-positive bacteria and Archaebacteria
and for the detection of amplified nucleic acids. We showed that Cy3-
labeled, rRNA-targeted oligonucleotide probes yield high in situ detec-
tion rates in a variety of environments.

Nucleic acid-based techniques were utilised to identify and to detect
Pseudomonas stutzeri in environmental samples. We also successfully
identified Candidatus Parachlamydia acanthamoebae and
Polynucleobacter necessarius in situ.
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University of Antwerp (BE)
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of Technology (ETH)
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eV, Torsvik
University of Bergen (NO)
o H. Roth
Herolab GmbH Laborgerite
Wiesloch (DE)

Major publications

® Glockner F.O., Amann R.,
Alfreider A., Pernthaler )., Psenner
R., Trebesius K., Schleifer K.-H.,
“An optimized in situ hybridization
protocol for planktonic bacteria”.
Syst. Appl. Microbiol., 19, 1996,
Pp. 403-406.

* Moore E.R.B., Mau M., Amscheidt A.,
Bottger E.C., Hutson R.A., Collins
M.D., Van de PeerY., De Wachter R.,
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We designed a dot-blot assay using the monoclonal antibody, mAB
900, which had a detection limit of 103 bacteria/ml and a scFv-
fragment of mAB 900 was generated in E. coli which allowed direct
examination of bacteria in environmental and clinical samples.

Methodology for the fast design
of fungal DNA probes
and PCR primers

Background and objectives

Fungi are of major economic importance as opportunistic pathogens
and spoilage organisms but they also have a number of positive uses
in food and non-food industries. These useful fungi may be modified
genetically to improve their efficiency. To ensure the biosafety of these
genetically modified organisms, European regulations require the
development of tests for their identification and detection. These tests
generally involve the use of unambiguous DNA probes and PCR mark-
ers. This aim of this project was to assess methodology for the rapid
design of tools for the identification and detection of genetically
modified fungi.

Approach and methodology

The groups working on this project combined DNA amplification tech-
niques (RAPD and PCR), sequencing, sequence analysis and taxonomic
aspects with a view to identifying regions of the genome that could be
used to generate genus and/or species-specific probes and exploring
the potential of amplified DNA polymorphisms for taxonomic pre-
screening and strain certification. Two types of genomic target were
selected: ubiquitous rRNA gene sequences and DNA polymorphisms
generated by PCR with arbitrary primers. Co-operation between mycol-
ogists and molecular biologists was encouraged and methods were
standardised in the participating laboratories.

Main findings and outcome

Several DNA techniques were adapted to fungi and standardised using
fungal genera and species used in several areas of biotechnology. A
quality assurance structure was set up for strain certification, primers
and buffer distribution and a library of DNA from certified strains
established. Two quick DNA preparation methods were developed, one




involving freeze-thawing, phenol-chloroform extraction and DNA pre-
cipitation and the other involving disruption with glass beads in the
presence of phenol and SDS followed by DNA precipitation. Both proto-
cols produced DNA of sufficiently high quality for use in PCR, RAPD and
direct sequencing. In the standardised PCR protocal, primers of the NS
series worked with all the fungi tested whereas only the ITS4 and ITS5
primers were truly universal. The 185 region was found to have little
potential for the generation of species-specific DNA probes and PCR
primers. In contrast, the ITS adjacent to the 5.8S subunit sequence
were found to have great potential for the development of family-,
genus- and species-specific probes. Probes were designed using these
sequences but were found to have limited potential for differentiating
between fungal species. PCR analysis of DNA polymorphism at multiple
genetic loci was used to characterise subspecies. The discrimination
potential at each locus was found to be independent of the G+C con-
tent of the genome. Combination of the multilocus data increased the
discrimination potential of the method up to or beyond that of RFLP
analysis. A rationale was developed for linking genotypes, genotype
population frequencies and loci, making it possible to construct maps
of intraspecific diversity.

Conclusions

A standardised methodology based on a combination of classical and
high-tech DNA amplification techniques was developed for the assess-
ment of inter- and intra-specific genetic diversity at multiple loci and
phylogenic analysis based on DNA sequencing of the [TS regions of
fungal ribosomal RNA genes. These methods have potential applica-
tions in agrofood industry and research, medical and veterinary
research, clinical diagnostics, biosafety and intellectual property pro-
tection. Although they were specifically adapted to fungi, similar tech-
nigues could also be used for other types of organism.
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Fungal identification using
rapid screening techniques

Background and objectives®

Filamentous fungi constitute an economically important group of
micro-organisms, primarily due to the wide variety of secondary
metabolites they produce. Many species have been identified and are
routinely used in fermentation technology and the food industry.
Others are known to be agents of disease in animals and plants.
Species identified to date constitute a mere 1% of all existing species.
With an expansion in the use of genetically modified organisms in the
food and medical industries, an improved understanding of fungal
diversity is essential. It will enable development of rapid and efficient
screening techniques for studying fungal populations, will aid in the
identification of new species and will allow for the development of spe-
cific probes which can be used to study “problematic” fungi.

To extend and consolidate the current status of fungal identification,
we initiated a workshop, inviting international experts on mycology
and molecular taxonomy, with the aim of designing recommendations
for fungal identification within the European scientific and industrial
communities.

Approach and methodology

The “Fungal Identification Techniques” workshop was held in Barcelona
from April 5th-8th, 1995, Forty-three scientists from academia and indus-
try participated, coming from Spain, Italy, Greece, Germany, Holland,
England, Ireland, Sweden, Denmark and the USA. A total of 31 talks
were given, along with two round-table discussions on “Fungal
Identification Technigues — Current Status” and “Fungal Identification
Techniques — Application to Complex Samples”. All speakers con-
tributed a paper to the proceedings of the meeting, which have been
published together with the recommendations of the project group.

Main findings and outcome

One clear outcome of the workshop was that the requirements for fun-
gal identification are dependent on both the field of application and
the use of research (i.e. whether the aim is to improve human health,
economise, expand current knowledge of biology, or for financial gain).

In the food and fermentation industries, fungal identification require-
ments can be separated into two main areas. Firstly, the detection of

(1) This project was a direct follow-on from EC project: “Assessment of methodol-
ogy for the fast design of fungal DNA probes and PCR tags” (Concerted action
BIOT-CT91-0301, p.160).




spoilage and toxic organisms, (which is more often a functional detec- Major publication
tion than an actual species identification), and secondly, to ensure

quality control of fermentation isolates, where identification is more ® Rossen L., Frisvad J.C., Dawson M.T.

differentiated than simply identifying the species level. and Rubio V. (eds.), Proceedings
from the Workshop on Fungal

Fungal identification in the pharmaceutical industry is necessary at a Identification Techniques,

level beyond that of species identification. This is to enable correct Barcelona, April 1995.

naming prior to patenting, to ensure quality control of fungal products, Published by the European

and to carry out efficient screening programmes, risk evaluations and Commission, ISBN 92-827-5677-7.

process validations.

In the domain of human pathology, rapid fungal detection is more
important than precise species identification. Nonetheless, species
identification is crucial for the development of specific diagnostic kits.
Furthermore, very few relevant species have been identified, however
with an increasing number of immuno-compromised patients, a large
number of novel species are likely to become relevant.

In plant pathology, detection is substantially more complex than simply
identifying a species. This is due to the development by plant
pathogens of host range specificity, based on pathogenicity factors.
Good identification techniques are essential for the prevention of dis-
ease spread, particularly with respect to quarantine regulations.

The overriding problem in the domain of ecology, is the lack of quantita-
tive and qualitative data describing the fungal population. This raises

two principal issues: firstly, that some organisms are non-culturable and
secondly, that some of the culturable fungi cannot be named using tradi-
tional criteria, as they only produce mycelia under laboratory conditions.

Conclusions

This workshop was particularly informative, showing that a large number
of fungi have been, and continue to be incorrectly identified. it also high-
lighted a clear need to train more classical taxonomists in both classical
skills and in the use of molecular techniques. In addition, a multidiscipli-
nary approach is necessary for correct fungal classification and conse-
quent fungal identification. The most promising approach for “fast”
nomenclature appears to be the use of ribosomal sequences.
Furthermore, some techniques, such as immunological methods and
fatty acid profiles, are best suited for detection or identification at a
higher (i.e. genus) level. It was also concluded that a concerted effort is
required to ensure that DNA sequences are made available through public
databases, and that a specific fungal database would be extremely use-
ful. This research is likely to be of benefit where genetically modified fila-
mentous fungi are used in industrial applications, such as when rapid
identification of potentially useful fungi is needed for quality control of
mixed starter cultures and detection of food pathogens.
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Monitored environment release
of genomically tagged
phylloplane and rhizosphere
bacteria

Backgiound and objectives

There is an increasing interest in the use of bacteria as vectors for the
delivery of plant protection genes to combat insect pests and control
pathogens. Before they can be developed and applied in the field, an
understanding of the ecology of the phytosphere and surrounding
environment is required. As potential vectors will be genetically modi-
fied to contain desired traits, studies need to be undertaken to allow
predictians of the likely environmental impact on releasing GMOs.

The perceived risks associated with the release of GMOs into the natu-
ral environment include concerns that the inoculum may out-compete
or perturb the target microbial community and that genetic exchange
occurs resulting in the loss or mobilisation of the introduced gene.

Approach and methodology

We isolated common Gram negative bacteria indigenous to the phytos-
phere of sugar beet (Pseudomonas fluorescens SBW25) and selected
Gram positive bacteria with insecticidal activity (Bacillus thuringiensis).
We developed methods to generate genetically stable genomically
marked bacteria and protocols to monitor the release of tagged bacte-
ria onto plant surfaces. Modelling was used to assess the spread, sur-
vival and persistence of the released bacteria. The potential for het-
erologous gene transfer between members of the natural bacterial
population was assessed.

Main findings and outcome

P. fluorescens SBW25 was site specifically marked in a defined, func-
tionally mapped chromosomal location with selectable (Kmr, Tc*) and
screenable (Xy1E) genes. B. thuringiensis isolates were manipulated to
contain traceable plasmid or chromosomal markers (Mer, Gus, Xy1E).
P. fluorescens recombinants, are metabolically indistinguishable from
the wild-type, genetically stable, able to colonise plants following seed
inoculation and can be passively transmitted by insects. Of 400 bacter-
ial isolates analysed 83 contained plasmids and two were able to self
transfer. This study led to a better understanding of microbial succes-
sion and gene transfer in the phytosphere relevant to risk assessment
following the release of GMOs.




Conclusions

Candidate bacteria were selected and genetically marked for monitored
release. Methods were developed for the electroporation of environ-
mental isolates. This study developed a reliable plant experimental
model and demonstrated the potential role of insects in GMO disper-
sal. Naturally occurring tra+ plasmids were isolated from the phyllo-
plane bacterial community.

Gene transfer between soil
bacteria as monitored by
novel techniques in model
ecosystems

Background and objectives

The effects of releasing bacteria with engineered traits into the open
environment are still largely unknown. One reason for this is the difficul-
ties encountered in monitoring these bacteria due to the fact that many
bacterial species cannot be cultured in vitro. Since engineered genes
can move to a novel host via transformation, transduction or conjuga-
tion, difficulties in monitoring ‘foreign’ DNA pose serious problems.
Another important issue for the biosafety of the use of genetically modi-
fied organisms (GMOs) concerns the life span of the ‘foreign’ DNA, once
it is present in the environment. These difficulties in monitoring GMOs
introduced into the environment, raise serious concerns over the validi-
ty of GMO risk assessments and the biosafety of their use.

The first aim of this project was to develop highly sensitive monitoring
technology for ‘foreign’ DNA, by applying a type of “ID plate” to engi-
neered DNA sequences that were introduced into bacteria. The second
aim was to examine the use of ‘suicide’ genes as a means of limiting
the life span of the GMO. The third aim was to develop realistic labora-
tory environments, from which samples could be taken to test for the
presence of the GMO. The ID plate allows unambiguous identification
of the engineered gene independently from the bacteria carrying it,
providing a means of specifically monitoring the movement of
introduced genes.

Approach and methodology
Synthetic oligonucleotides were used to construct a specific DNA

sequence, the ID sequence. This sequence was inserted into a Tns
plasmid to deliver it to the bacterial chromosome. The gef family of

* Bailey M.]., Kobayashi N., Lilley AK.,
Powell B.]. & Thompson I.P.,
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suicide genes from Escherichia coli was used to obtain a regulatory sui-
cide gene and was tested in several different bacteria. Sterile and non-
sterile soil microcosms were established. Genetically engineered plas-
mids were introduced into a strain of Pseudomonas bacteria, and were
released into soil microcosms in a closed laboratory environment and
monitored for a few months. DNA was extracted from environmental
samples including both soil and water and the presence of GMOs was
monitored by polymerase chain reaction (PCR) amplification of the
target sequence.

Main findings and outcome

A strain of Pseudomonas putida carrying the ID sequence was con-
structed. In laboratory experiments, bacteria were resuspended in soil
and water and the presence of the bacteria with the target sequence
was successfully monitored by PCR amplification using primers specific
for the ID tag. The sensitivity of the PCR amplification was demonstrat-
ed to be higher than the traditional plating method.

The gef genes were found to be highly effective suicide genes and were
functional in a broad spectrum of bacteria, notably in P. putida. Strains
containing these suicide gene grew under optimal growth conditions,
however, under non-growth conditions, viable bacteria were almost
completely eliminated. Alternative bacterial systems in which these
suicide genes could function are also being developed. It was found
that different bacterial strains expressing the gef genes had different
survival rates, so several experiments will need to be carried out to
determine the optimal species. P. putida carrying foreign DNA
sequences were found to survive much more readily than any of the

E. coli strains tested.

Conclusions

This technique of ‘tagging’ modified genes to monitor GMOs released
into the environment, should prove particularly useful due to the fact
that it is more sensitive than other methods that are employed. This
should provide a means of improving risk assessments of the biosafety
of GMOs introduced into the environment. Furthermore, the ID
sequence has also been proposed to be useful for patenting purposes,
as it could be used to mark a particular gene construct, allowing the
owner of the patent to identify ‘their’ gene in any sample tested.
Functional laboratory microcosms were also developed and have
proved to be a practical way of studying this model system. Finally, this
study also showed the feasibility of the development and implementa-
tion of a safe bacterial system for the introduction of foreign DNA,
using bacteria which have a limited life span.
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Use of marker/reporter
genes in microbial ecology

Background and objectives

The deliberate releasa of ganetically modified micre-arganisms (GRMs)
(e.g. biofertilisers and bippesticides) is regulated to ensure that the
risk af hazardaus Consequenies i4 kept fo a minimum, Specific EEnes
can be used as markers for monitoring of kacterial survival or as
reporters for monitoring gene expression. There are a vanety of specif-
it manker and reparter genes being developed, each with particular
advantages and disadvantages. Marker technigues provide significant
advantages for risk assessment studies companed o traditional
methodologies and, when used in comiknation with other approaches,
provide information that ks essential for risk assessment of GMMs. This
infarmation arisas directly from tracking of GMMs in dedicated risk
assessment studies but alse thraugh mare fundamental studies
designed to increase our undarstanding of microbial ecalagy.

Wi hawe therefare chosen to monitar progress on novel approaches for
monitoring GMMs in nature and their biosafety aspects and to promete
information and technalogy exchange between laboraltories having
expertise with dilferent marker genes, regorter genes and monltoring
metihads. We almed to propose standardised test-methods far risk
assessment, ta review and develop the use of reparter genes for monl-
faring gene activity in specific environments and to promote coondina:
tian af scientific efforts between academic and regulatory authorities
in the handling of binsafety data and develapment of manitarng toals.
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Approach and methodology

During the course of the project, the partners met at a series of wark:
shaps fo discuss and write reaports on marker genes, reporler genes,
manitoring methods and biosafety. At each workshop, the participants
mat in & sevies af work sessions fo discuss and make recommenda-
thons about key aspects of the variaus topics. AL the end of each wark-
shop a report was formulated which was latar revised and published as
an “opinaon” of the workshap participants. In addition, wa sponsorad
twa international conferences on marker reparbar genes in micrabial
ecology, At the conferences, the state-of-tha-art of markers and
reporters and examplas of their application in research were presented
viz a serles of aral aned poster preseniations.


























































































































































































































































