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Abstract

The background of the “Austrian situation” concerning field trials, and the le-
gal framework for working with GMOs in contained systems and for intended re-
lease will be reported. We describe our work with GMOs, started in the late 80’s,
and continued in the ongoing project “Characterisation of transgenic fruit trees
and analyses of direct and indirect biological interactions”, approved by the Aus-
trian Ministries of Science and Agriculture in 2000. Transgenic trees of the genus
Prunus were selected as model organisms to study the performance of woody
GMOs over a period of five years. Other institutes from our University were invited
to submit projects on biosafety aspects of transgenic trees. Experimental ap-
proaches and some results will be presented.
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Introduction

Since the first attempt of field testing of GMOs in Austria in 1996, the discus-
sion was dominated by non-scientific arguments in the public media. A Referen-
dum on Gene Technology held in April 1997 requesting: (1) No food from the gene
laboratory; (2) No deliberate release of GMOs in Austria; (3) No patent on life; re-
ceived 1.2 million signatures.

'"The work has been supported by the Austrian Federal Ministries of Science (BMBWK) and Agri-
culture (BMLFUW) within the project “Characterisation of transgenic fruit trees and analyses of direct
and indirect biological interactions”.
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The “Austrian situation” concerning field trials is not correctly presented in in-
ternational databases like http://biotech.jrc.it/gmo.asp. or the OECD database on
field trials. They present all “notifications of requests” which have to be circulated
among Member States since the implementation of Directive 90/220/EEC (Coun-
cil Directive... 1990), but not the actually granted permits. Five requests for field
trials are mentioned in the Report of the Gene Technology Commission, which
were either withdrawn by the applicant or were not granted.

In the meantime the discussion in Austria is going on how to guarantee free-
dom of organic farming products from unwanted GMO contamination. Attempts
are being made to declare entire regions as GMO-free by regional laws, disregard-
ing the fact that it contradicts EU legislation and even the Austrian Gene Technol-
ogy Law (Stelzer et al. 2003).

The safety projects of the University of Agricultural Sciences

At the IAM work started in 1988 on pathogen-mediated resistance in woody
species, focussing on virus resistance breeding in fruit trees and grapevines. No
control of these pathogens by chemical means exists (Plum pox... 1992), and the
chemical control of their vectors, e.g. aphids, nematodes, etc. is ecologically highly
questionable. Following the pathogen-mediated protection approach (Beachy et al.
1990, Lomonossoff 1995), we isolated the coat protein gene of the stone fruit
pathogen Plum pox virus (PPV) (Laimer da Camara Machado et al. 1992) and trans-
formed explants of different Prunus species.

However, beyond technical feasibility and environmental safety also public ac-
ceptance needs to be considered. To build public confidence the project “Charac-
terisation of transgenic fruit trees and analyses of direct and indirect biological
interactions” was initiated to demonstrate the step-by-step principle of working
with GMOs on the case of transgenic fruit trees (http://www.boku.ac.at/sicherheits-
forschung/open-e.htm).

Other institutes from our University were invited to submit projects dealing
with safety aspects of transgenic plants. From the submitted proposals the follow-
ing three were selected:

— The Institute of Pomology and Horticulture in the project “Biological and
pomological investigation of the gradual release of transgenic fruit trees (apricot
and japanese flowering cherry) in the Saranhouse and in field trials” compares
transgenic and non-transgenic fruit trees according to biological and pomological
criteria. To evaluate the potential of gene flow, the impact of cross pollination in a
crossing garden is investigated.

— The Institute of Plant Protection in the project “Interactions between trans-
genic/non-transgenic Prunus ssp. and phytopathogens, aphids and natural enemies
of aphids” studies possible effects of transgenic plants on animals feeding on dif-
ferent trophic levels and makes an ecological risk evaluation.
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— The Institute of Forest Entomology, Forest Pathology and Forest Protection in
the project “Leaf quality of transgenic and wild type apricot and cherry trees and its
effect on the development of herbivores and their natural enemies” studies possi-
ble effects of transgenic fruit trees on leaf composition and development and fertil-
ity of feeding pests and their natural enemies on the model system gypsy moth and
parasitic wasp.

Material and methods

The following transgenic trees of the genus Prunus were selected as model or-
ganisms to study the performance of woody GMOs over a period of five years under
screenhouse and field conditions:

— Prunus subhirtella Miq., japanese cherry (2n =16, self sterile) used as cold tol-
erant rootstock. Two marker genes: nptll, conferring resistance to kanamycin and
uidA = GUS, for histochemical detection and quantification (da Camara Machado
etal. 1995) were introduced. These plants are particularly useful because the activ-
ity of the transgene can be monitored in different organs of the plant by qualitative
and quantitative assays (Jefferson et al. 1987, Gallagher 1992) over the years;

— Prunus armeniaca L., apricot cv. ‘Kecskemeter’, (2n =16, self fertile). The nptll
gene conferring resistance to kanamycin and the coat protein gene of Plum pox virus
(PPV cp) derived from a non-aphid transmissible strain of PPV-NAT were intro-
duced (Laimer da Camara Machado et al. 1992) to confer resistance against PPV.

The core project of the Plant Biotechnology Unit of the JAM

The core project covers six tasks (A-F) and is divided into two phases (Fig. 1).
In Phase 1 plants are studied for two years in a contained system, i.e. in a screen-
house, with nearly natural conditions. Phase 2 is a field trial which should last for
three years. Under open field conditions the genetic stability of introduced genes and
their interaction with other organisms will be analysed. However, this field trial re-
quires a permit by the competent authorities according to the Gene Technology Law.
Only when the permit for the field trial is granted, Phase 2 can start.

Molecular and biochemical characterisation of transgenic cherries
and apricots in the screenhouse

Selected lines of apricot and cherry were planted in June 2000 in two compart-
ments of an insect proof screenhouse. To verify the impact of horticultural practice
e.g. grafting on different rootstocks, the following types of plants were planted:
original transformants (A), graftings on the rootstock F12/1 (B), whip-tongue
grafts to F12/1 (C), and self rooted cuttings (D). Phenological observations of the
cherry plants during the vegetative growth phase showed a normal development
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without morphological differences between the transgenic and the non-transgenic
control plants.

Monitoring the expression of uidA over two years confirmed that in vivo activity
is lower than the previously measured in vitro activity. This is in accordance with
data from the literature (Ellis et al. 1996, Seres et al. 1997). A consistent difference
in expression level between the lines was observed. Moreover, during the growing
season, GUS activity increased parallel to growth initiation in early spring and to
new flush development. A correlation of the level of expression with seasonal cli-
matic changes was not found.

To determine a possible influence of the copy number of insertions on the level
of expression Southern analyses were carried out. The lines varied between 1, 2
and 3 integrated copies, but the copy number did not correlate to the level of ex-
pression.

Since the expression of the coat protein gene in apricots is below detection level,
we carried out phenological studies and just as in the case of cherries, we found no
difference in the development of the transgenic versus non-transgenic lines.

Open field: Year 5

Planting of selected fruit trees in field trial
and further evaluation of transgenic

Open field if permitted
& & &

fruit trees Year 4
If a permission is not granted plant must
remain in the contained system

Year 3

Request for permit

Saran house:

Further characterization and evaluation Year 2
of fruit trees. Beginning of selection of fruit
tree lines suitable for planting in the field

Saran house

oy 4 P

Year 1

Fig. 1. Timetable foreseen for the stepwise procedure from contained environment to field
conditions
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Molecular analyses of protection against viruses in herbaceous and woody
plants in the greenhouse

Considering Post Transcriptional Gene Silencing (PTGS) as mechanism in-
volved in pathogen mediated protection (Dougherty and Parks 1995, Baulcombe
1996, English et al. 1996, Ratcliff and Baulcombe 1997, Waterhouse et al. 1998,
2001, Scorza et al. 2001), different sequences from the PPV genome were chosen
to induce resistance. The efficiency in causing protection of different modified se-
quences of the PPV-genome was compared in R1 and R2 plants of Nicotiana
benthamiana Domin. transformed with the genes P1, CI, Nib and CP in translatable
and untranslatable constructs under the control of single or double 35 S promoters
(Korte et al. 1995).

All sequences, either translatable or untranslatable, gave a certain level of pro-
tection. However, challenge infection experiments revealed high variation in the
efficiency of the different constructs to protect against PPV. The CP-sequences
seem to give a consistently high rate of protection (Fig. 2) (Mendonga 2004).

We conducted a search for alternative regulatory sequences by expressing
marker genes under the control of different promoters. Preliminary results show
some potential of the Mal d 1 promoter (Piihringer et al. 2000) in inducing GUS activ-
ity in transgenic N. benthamiana plants following infection with PPV (Mendonga 2004).
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Fig. 2. Challenge infection of Nicotiana benthamiana plants with the CP-gene. Plants from 9/10 lines
show protection
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Transformation of woody plants with modified constructs for improved
expression of different sequences

A major challenge currently is to overcome genotypic variation in regeneration
(Ellis et al. 2001). Different explants from different cultivars of plum and apricot
are used to produce new transgenic lines with the transformation systems avail-
able at the IAM (Laimer da Camara Machado et al. 1992, da CAmara Machado et al.
1995, Golles et al. 2000). Constructs conferring the highest level of protection
on herbaceous plants are being used for transforming woody plants.

Molecular characterisation of PPV-isolates present in Austria to determine
genetic variability

To determine the genetic variability of PPV currently present in Austria a col-
lection of 180 isolates from different stone fruit growing regions from orchards,
wild sites and along the borders of the orchards was established. The collection
comprises 26 isolates from P. armeniaca L., eight isolates from P. spinosa L., seven
isolates from P. cerasifera Ehrh., 11 isolates from P. persica (L.) Batsch and 128 iso-
lates from P. domestica L. (Laimer et al. 2005).

The vast majority of the isolates analysed so far belong to the D-strain. Only
a few M-isolates belonging to the Mediterranean group of M-types could be de-
tected. This is in clear contrast to the distribution of strains found in Eastern and
Central European countries (Laimer et al. 2003).

Multiplication of plant material

Also other project teams had to be supplied with experimental material ranging
form entire sets of transgenic and control plants to large amounts of virus free and
virus infected leaf material for feeding experiments.

Elaboration and submission of a request for permit for a field trial

At present we are at the end of Phase 1 (Fig. 1). The continuation of the work is
depending on the permission for field trials. If permit is granted, the experiments
initiated under screenhouse conditions will be continued under open field condi-
tions and will include the pomological, biochemical and molecular characterisa-
tion of selected cherry and apricot lines.

Information of the public

For information of the public printed folders for lay and professional and an
Internet webpage have been issued (www.boku.ac.at/sicherheitsforschung). Sem-
inars and other public presentations are organised.
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The projects strictly observe conformity to the Austrian Gene Technology Law.
The Austrian Academy of Sciences was requested to install an international
expert commission to supervise and evaluate the progress of the work
(http://www.boku.ac.at/sicherheitsforschung/trans-fr-e.htm).

The commission is being informed at regular intervals.

Discussion

Agronomic traits which can be modified in fruit trees by a transgenic approach do
not differ much from those addressed in other crop species. A “trait/construct de-
pendent approach” as suggested by Metz and Nap (1997) seems to be the most appro-
priate way to evaluate risks and benefits of a genetically modified tree. Much potential
exists in the optimisation of constructs, by limiting the expression of transgenes
in time and space, e.g. in a certain tissue at a certain development stage of plant.

For long-lived tree species, however, new questions arise regarding the stability
of the integration and expression of foreign genes (Consensus document... 2002).
Biosafety considerations include impact of transgene dispersion through pollen
and unexpected effects on non target organisms.

To our understanding there exists no contradiction between organic production
and the use of certain GMOs. We hope, that in a not too distant future, when a dif-
ferentiation between traits will be completed, GMOs can be admitted to organic pro-
duction. This will avoid the unjustified exclusion certain crops, that may make an
important contribution towards a healthier production of food (Ammann 1998).
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