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1. Introductory remarks 
 

By comparing potential and actual risks in both fields we need a clear view of the similarities 
and differences. Raamsdonk 1993 has given a scheme of gene flow, whether natural or 
influenced by human activity. It clearly shows that most pathways of gene flow are both natural 
and also strongly influenced by agriculture and breeding. But there is one notable exception: 
Transformation is something quite new. It is now possible to jump over the limits of species, 
genera and even families and orders in a much easier way. Let's not forget that there is 
something universal about the sequences used for transformation and often lay persons are 
puzzled by expressions like "a fish gene" for instance. They have not the knowledge how to 
judge the novelty of such transformation. But this statement also counts for the experts: Position 
effects and pleiotropic effects after transformation have to be considered in all cases, this is why 
we need to think about new risk assessment methods for genetic engineering. But we should 
always be aware of the fact that classical breeding is also dealing with the introduction of genes 
to a crop plant. The big difference is that these genes introduced in classical breeding are always 
belonging to some relatively close parents, transformation is always done in the relatively 
narrow environment of interbreeding species groups. But again we have to consider all cases in 
classical breeding, where single gene mutations or the change of only a small number of genes 
has dramatically changed morphology, growth and yield of a crop, especially in the case of 
maize and wheat. Considering  the possible escape of transgenes to wild relatives there are 
parallels between classical breeding and genetic engineering regarding the processes of vertical 
gene flow, but the results may be different in the case of a possible escape of a novel transgene 
having new ecological potential. 

2. Outcrossing on neighbouring natural area: gene transfer and cross-hybridisation  
 

Genetic engineering is obviously different and more powerful than traditional breeding. The 
question is whether this difference and power translate into greater, more serious risks, or 
whether the risks are different from those of traditionally bred products. At this early stage in 
the use of the technology, it is impossible to answer this question with certainty.  

Gene escape depends on many ecological and agronomical factors: whether or not the crop is 
allowed to flower; how far its pollen travels, success of fertilisation, extent of seed dispersal, 
seed survival and so on. Even if a gene does escape, its future may be bleak if it handicaps its 
new host (Young 1989).  

The probability of successful pollination depends on a great number of interrelated factors, 
such as: level of pollen production of (transgenic) plant, rate of self- and cross-fertilisation of 
receptor plant, rate of dispersion of donor pollen, properties of pollinating agents, spatial 
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distance between pollen donor and wild recipient population, local density of recipient 
population, difference in phenology between crop and wild population. 

But there are more barriers to hybridization: 
Families with economically important crops often show low hybridization barriers. 

Simmonds (1976) gives an overview of the history of major and minor crop plants. It appears 
that hybridization was a common technique in the breeding history of 31 out of 39 families, and 
in 70 out of 90 genera, i.e. 75-80 percent of the cases.  

Adaptative traits acquired under domestication usually have no selective value in natural 
habitats, and sustainable genetic introgression from domestic plants to wild relatives is rare. 
Gene exchange is more known in the other direction, from wild relatives to crops (Newmann 
1990). 

There are more barriers to hybridization (Hadley and Openshaw,1980) 
a) External barriers such as spacial, ecological, phenological, mechanical and pollination 

ecological isolation phenomena. 
b) Internal barriers such as prevention of fertilisation, hybrid weakness or inviability, hybrid 

sterility, hybrid breakdown in the F2 generation. 
c) There are also barriers to pollen dissemination: Pollen viability, pollen sedimentation, 

distance of receiving plants, separation of anthers and stigmas by various contrivances.  
Sexual reproduction occurs among crops, weeds, and wild plants within the distance that 

pollination can occur and where the plants are sexually compatible. Because pollen transfer is 
mediated primarily by wind and insects, the distance within which pollination can occur is 
affected by wind turbulence, speed and direction and/or the flying range of insects (Regal, 
1982). Another factor is the longevity of the pollen itself. Generally, pollen is viable only a short 
time ; that is, it is capable of fertilising eggs only within a time period of minutes, hours or days 
after being produced. 

Of particular importance is the aerial transport of pollen grains. With plants that are 
pollinated by insects, one approach is to follow the pollinator. Insect such as honeybees and 
bumblebees are often loyal to a particular variety of flower for a given period of time. 
Moreover, they prefer short trips between blooms, visiting several flowers on a single plant 
perhaps, and then flying to a near neighbour, a few meters away at most. Yet because bees do 
not deposit all the pollen from one plant to the next, genes tend to travel further than 
appearances suggest (genes travelled twice that distance between two stops of bees) (Young 
1989). With plants that are pollinated by wind, most pollen is deposited near to home, but a 
small amount travels much farther (Young 1989). It should also taken into account that 
indigenous pollinatior insects often are better adapted to local variation in climate than honey 
bees (Boyle-Makowski et al. 1985.) 

3. Do transgenes have an influence in hybridizing dynamics of crops ? 
 

Theoretically, genetic modification may affect hybrid formation either by changing frequency 
with which it occurs, or by altering the range of species with which the crop is sexually 
compatible. Increasingly the evidence suggests that modification has little or no impact on either 
factor with the present day transgenes released in the fields. In general, plant fertility is 
maintained after the genetic modification, although there are instances where a particular 
transformation protocol has produced sterile plants. For example, transgenic maize regenerated 
from protoplasts is sterile if the protoplasts are transformed by electroporation (Rhodes et al. 
1988), but fertile if transformed by polyethylene glycol (Omirulleh et al. 1993). Fertility 
problems in transgenic plants may therefore be due to particular combinations within the 
transformation protocol and starting material rather than due to the transformation in itself. It is 
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unlikely that totally sterile transgenics would be of interest as they are unsuitable for breeding 
purposes. It may be assumed, therefore, that commercial transgenic crop varieties will show 
similar fertility as non-transgenics. One exception is the crop modified for male sterility. These 
crops are useful to plant breeders. 

One of the most important factors of hybridisation is the movement of the fertile pollen to a 
receptive stigma. Clearly, pollen production in the crop and the stigma-ripening in the wild 
relative must be concurrent. If the phenology of a transgenic crop is different from the un-
modified form, then the potential for hybridisation will be modified. Several genetic 
modifications have produced alterations in flower development, but these tend to be changes in 
structure, leading to morphologically abnormal flowers (Mizukami and Ma 1992 ; Mandel et al. 
1992) rather than the production of normal flowers with different flowering periods. These 
experiments were done with genes known to be involved in flower development or promoters 
only activated in floral tissue. Up to now, transformation does not seem to alter flowering 
period. However, as flowering period is a multigenic trait there is a possibility that a transgene 
may integrate into and disrupt the expression of a gene involved in flowering-period 
determination. Assuming simultaneous flowering, the extent of pollen transport will determine 
the potential for crop pollen to land on the stigma of a wild relative. Pollen flow, in most cases, 
describes a highly leptokurtic distribution from the source plant, with most grain moving less 
than 2 m in herbaceous plant (Levin and Kerster, 1974). Recent work confirms this for 
transgenic pollen (Tynan et al. 1989; Umbeck et al. 1991; Morris et al. in press). However, it is 
misleading to conclude from these data that hybridisation between crops and wild relatives can 
only occur over short distances. Even in case a hybridisation over long distances takes place 
only rarely, it may produce a new, viable founder population. 

Pollination is a major determinant factor for the hybridisation rate, but the types of hybrids 
are determined by interspecific incompatibility mechanisms. The genetics of these mechanisms 
are still not clear. Unless interspecific incompatibility is controlled by one or a small number of 
genes, the transformation process is unlikely to alter the cross-compatibility of the plants 
following transformation. Transformation of a self-compatible species with an S-allele involved 
in self-incompatibility mechanisms has been achieved, but the transgenic plants became self-
compatible (Toriyama et al. 1991). Introduction of an incompatibility system into self 
compatible species will be useful to plant breeders, but it is not clear whether self 
incompatibility is involved in interspecific incompatibility, and, consequently, such 
modifications can be expected to have little effect on interspecific hybridisation. 

Another important question is whether or not the relation between pollinators and plants will 
be modified by transformation. First the new proteins synthesized by the transgenic plant should 
be toxic for bees. The non-toxicity of the chitinase has been proved (Pham-Delègue et al. 1992). 
Could the character of a transgenic plant modify the activity of the insect ? The same group 
demonstrated that the foraging time was shorter on a transgenic plant than on a non-transgenic 
one. However, Pham-Delègue et al.  concluded that transgenic oilseed rape has no negative 
effects on foraging bees under controlled conditions. They need to repeat the experiment in the 
field (Grallien et al., 1995). Similarly, Paul et al. (1991) found that there are no differences in 
the range of animals and the frequency of visits between modified and non-modified tobacco 
plants. 

Insects like bees are attracted by light of a wave length between 300 nm and 650 nm (Dumas 
1984). This includes part of the ultraviolet light  but excludes the long-waved red light. A 
change in the flower colour could disturb the attractiveness of the flower for the insects and 
change cross-pollination rate for insect-pollinated plants.  

On the other hand, genetic engineering may be favourable to the hybridisation process. 
Studies regarding alfalfa (Medicago sativa) treated by a pesticide (dimethoate) clearly 
demonstrated that this pesticide is found in the pollen and the nectar at a very low level but even 
at a low level this pesticide is toxic for the bees (Dumas 1984). This has an effect on the 
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entomophilous pollination. Plants resistant to diseases will not be treated with pesticides, so that 
the efficiency of pollination for entomophilous plants could be enhanced. 

4. The assessment of a potential risk regarding field release of transgenic crops: 
Introduction to gene flow indices 

 
As a result of discussions in the symposium at Louverain, we propose gene flow indices after 
the idea of some Dutch authors ([Frietema] De Vries et al. 1992, Frietema De Vries 1996). We 
are giving here an adapted version in order to spur discussion on an European level. We think it 
is desirable to establish a European classification system as proposed by Frietema De Vries 
(1996), where some of our proposals have been adopted. It is not possible to arbitrate  the crops 
and their wild relatives on one and the same level all over Europe: Classification work has to be 
done on a regional scale taking into account local environmental conditions, species and 
transgenes. This regional scale has been proposed by Frietema De Vries (1996), following the 
well known subdivisions of Meusel.  

Here we deal only with the three first codes, but we feel strongly the necessity of a fourth 
code for the future: We need to assess also the effect of the inserted transgene itself. For this Dg 
code we need experimental approaches on all levels from a strict containment over small scale 
field releases to the large scale releases over long periods. For the time being there remains only 
the possibility of a rough estimate of how transgenes will have side effects in the long run, some 
comments are built in provisionally in code Dp (vertical gene flow). The authors are well aware 
of the pragmatic view they take, which is blurring the logic of the three codes already defined.  

These codes are presented here in order to open debate on feasibility and organisation of such 
codes for future risk assessment:. The codes can serve as a first routh estimate, before going into 
more detail for a risk assessment based on field monitoring and experimental approach, where 
judged necessary. 

5. Dpdf-codes, adapted to Swiss and European needs as a whole 

a) Classification of the codes of dispersal of pollen (Dp)  
 
Dispersal of pollen and hybridization potential, including a differentiation of possible negative 
ecological effects of the inserted gene itself. Categories 0 (lowest risk) to 5 (highest risk) and U 
(unknown) 

Category Dp 0:  
 
No chance for hybridization because there are no wild relatives growing in Switzerland. No 
ecological effects when the cultivated plants come into flower. 

Monitored field releases possible, no containment experiments and no field experiments 
necessary. 

Category Dp 1:  
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No chance for hybridization with wild relatives because it is experimentally proven that wild 
species of the same genus in Switzerland are not compatible with the cultivated plant: (artificial 
pollination methods and/or embryo rescue are necessary to produce hybrids). 

No ecological effects when cultivated plants come into flower. Monitored field releases 
possible without containment. However, experiments should be carried out, to test there are no 
negative effects on the host / predator system in case of transgenes introducing new resistance 
and/or competition effects. 

Category Dp 2:  
 
No chance for hybridization with wild relatives because there is no record of spontaneously 
formed hybrids of the cultivated plant with wild species of the same genus in Switzerland. 

However, hybridization is possible under experimental conditions and progeny is fertile 
without any artificial help. Chances of gene flow by hybridization is small due to various 
outcrossing barriers (competition, biogeographical or ecological incompatibility), but under 
special local or artificial conditions in agricultural systems still to be considered as possible rare 
events.  

a)  In certain species groups there is a small chance of getting new transgenic hybrids, but 
no invasions are to be expected. 

b)  In other species groups there is a small chance of getting new transgenic weeds which 
tend to be aggressive and will possibly cause invasions under unfavourable conditions. 

Category Dp 3:  
 
Natural hybridization occurs only occasionally, backcrosses have not been observed up to now. 
Local situations have to be studied carefully in risk assessment of field experiments. Species to 
species, region by region and step by step approach required. 

a)  In certain species groups and under unfavourable circumstances gene flow by pollen 
transfer will occur, but new transgenic hybrids do not tend to be invasive.  

b)  In other species groups and under unfavourable circumstances gene flow by pollen 
transfer can influence ecosystems negatively: Local invasions of new transgenic weeds will 
occur. 

Category Dp 4:  
 
Chance for natural hybridization is medium; backcrosses have been observed, successful 
outcrossing occurs fairly often. Natural fertile hybrids are sometimes observed, small hybrid 
populations can be detected in nature. Species to species, region by region and step by step 
approach required. 

a)  Transgenic hybrids will have no ecological effects on the flora of the Switzerland, since 
the new hybrid is only capable to invade small ecological niches, and therefore does not 
demonstrate any disturbing invasiveness, since the inserted gene itself did not show negative 
ecological effects in long term monitoring experiments. Experiments should also be carried 
through proving that there are no negative effects on the host / predator system. 

b)  Transgenic hybrids will have ecological effects on the flora of the Switzerland, since the 
new  weed is capable to invade ecological niches, and therefore is potentially demonstrating 
invasiveness. There may also be negative effects (e.g. more competitive, more allelopathic) 
caused by the inserted gene itself. 
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Category Dp 5:  
 
Chance for natural hybridization is high; vertical gene flow occurs often, hybrids are fertile and 
backcross frequently. Hybrid populations are often found in nature. Species to species, region 
by region and step by step approach required. 

a) Transgenic weeds will have no ecological effects on the flora of Switzerland, 
nevertheless the new weed is capable to invade important ecological niches and it will act as a 
new weed (which should by all means be avoided!), but the inserted gene itself does not show 
negative ecological effects. 

b) Transgenic weeds will have negative ecological effects on the flora of Switzerland since 
it is capable of invading many ecological niches as a major new weed and/or  since the inserted 
gene itself may have characters demonstrating negative ecological effects. 

Category Dp U:  
 
Data too scanty or lacking at all, no evaluation possible. 

b) Classification of the codes for the dispersal of diaspores (Dd) 

Category Dd 0:  
 
No chance for dispersal of diaspores to the wild: Seeds are sterile or otherwise deficient, they 
have lost reproductive function. No ecological effects are expected from fruiting of the 
cultivated plants. 

Category Dd 1:  
 
Dd to the wild occurs only occasionally and under very favourable conditions, plants usually 
survive only for one season (advena), they are not adapted for survival in our climate. No 
ecological effects are to be expected regarding the Swiss ecosystem. 

Category Dd 2:  
 
Chance for dispersal of diaspores to the wild is small, but under favourable and exceptional 
conditions possible. Further research on population dynamics seems necessary. For risk 
assessment the standing of the plants in the Swiss ecosystem can be of importance. 

Category Dd 3:  
 
Chance for dispersal of diaspores (by spontaneous vegetative reproduction) is real; fruiting of 
the cultivated plant is essentially undesirable and will normally be suppressed by various 
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methods. Further research on population dynamics is necessary. For risk assessment the 
standing of the plants in the Swiss ecosystem can be of importance. 

Category Dd 4:  
 
Chance for dispersal of diaspores to the wild real. Fruiting of the cultivated plant occurs 
normally during cultivation. Ecological effects can be expected from fruiting of the cultivated 
plant. For risk assessment the standing of the plants in the Swiss ecosystem will be of 
importance. 

Category Dd 5:  
 
Dispersal of diaspores to the wild will be the rule. Fruiting occurs very frequently and also 
extremely abundant. Ecological effects can be expected from fruiting of cultivated plant. For 
risk assessment the standing of the plants in the Swiss ecosystem will be of importance. 

Category Dd U:  
 
Data too scanty or lacking at all, no evaluation possible. 

c) Classification of the codes for Df (frequency of distribution) 

Category Df 0:  
 
No plants of this species or of a wild relative, no feral populations found in nature; no ecological 
effects are expected from the introduction of the cultivated transgenic plant. 

Category Df 1:  
 
Plants of this species or of wild relatives are extremely rare in the wild and have their stable 
place in the Swiss ecosystem in specific associations. No feral populations are found in 
Switzerland. Chances for hybridising with the wild or feral populations are negligible. Locations 
to grow transgenic plants should be appropriately chosen in order to avoid hybridisation and any 
ecological effect. 

Category Df 2: 
 
Plants of this species or of wild relatives are rare, but occur sporadically, distribution difficult to 
predict and essentially uncontrollable. Feral populations may exist in certain regions. Chances 
for hybridising with wild populations are scanty but unpredictable. Ecological effects from the 
introduction of the cultivated plant may be expected, but in most cases on a local scale only. 
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Locations to grow transgenic plants should be appropriately chosen in order to avoid 
hybridisation and any ecological effect. 

Category Df 3:  
 
Plants of this species or of wild relatives are not very common in the wild and have their stable 
place in Swiss ecosystem. Feral populations are known from Switzerland, but not frequent. 
Chances of hybridising with the wild populations exist but are small. Some ecological effect 
from the introduction of the cultivated plant may be expected under unfavourable conditions 
when cultivated plants and wild relatives are not sufficiently separated. Locations to grow 
transgenic plants should be carefully chosen in order to avoid hybridisation and any ecological 
effect. 

Category Df 4:  
 
Plants of this species and their wild relatives are not frequent but well distributed over the whole 
Swiss plateau, chances for hybridising with wild populations are considerable, but under very 
favourable conditions it can still be safely prevented. Feral populations are known and 
distributed over an important part of Switzerland. Locations to grow transgenic plants should be 
carefully chosen in order to avoid hybridisation and any ecological effect. Detailed 
biogeographical studies are necessary to reach this goal. 

Category Df 5:  
 
Plants of this species and their wild relatives are common and well distributed over the whole 
Swiss plateau, chances for hybridising with wild populations must be expected and cannot be 
prevented in field experiments. Feral populations are frequent and distributed over the whole 
Switzerland. In exceptional cases locations to grow transgenic plants can still be carefully 
chosen in order to avoid hybridisation and any ecological effect. Detailed biogeographical 
studies are necessary to reach this goal 

Category Df U:  
 
Data too scanty or lacking at all, no evaluation possible. 

6. Vertical gene flow classification by combination of the three codes  
 
The goal of this study was to develop a convenient classification of gene dispersal probability 
from transgenic crop to the wild flora, adapted for Switzerland. After an evaluation of the three 
single factors (see above, dispersal codes), the combination of these codes enables us to estimate 
impact on the wild flora. Five categories of risk probability have been developed: 

After an evaluation of the three single factors, their combination enables us to estimate the 
impact of a transgenic species on the environment. Six categories of risk probability have been 
developed:  
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1. No effect 
 
No related species or no compatible related species of the crop are known in Switzerland. Field 
releases of species belonging to this category are possible without any containment or short term 
monitoring.  

Certain transgenes have to be tested in medium term field experiments regarding their 
secondary effects on ecosystems: Sustainable resistance must be achieved. To reach this goal a 
long term monitoring is required. 

2. Minimal effects 
 
No records of spontaneous hybridization between the crop and the wild relatives are known in 
Switzerland. Field releases are possible after a thorough clarification of the biogeographical 
situation. Short term monitoring in confinements should be done prior to large scale field 
releases. 

Certain transgenes have to be tested in medium term field experiments regarding their 
secondary effects on ecosystems (pest and insect resistance genes). 

3. Low but local effects 
 
Gene flow occurs towards wild or feral species existing also outside agricultural environment 
and control. Release experiments should first be done in confinements and afterwards in small 
scale releases closely monitored. 

This statement is restricted to transgenes not causing enhanced competitiveness outside 
agricultural environment, such as herbicide tolerance. Any other transgenes should be carefully 
tested in confinements.  

4. Substantial but local effects 
 
Gene flow is high and substantial, but still locally controllable. 

Field releases could be done within strict confinements. A case by case analysis including the 
potential effects of the transgene is required before any field releases are done. 

Long term monitoring of field releases under strict biological or geographical confinement 
conditions is necessary in order to study competitiveness of the transgenic crop. Risky 
transgenes have to be avoided. 

5. Substantial and wide-spread effects   
 
Gene flow is high, substantial, and widespread and will not be controllable by any means. 

No field releases of species belonging to this fifth category are possible. 
Medium term monitoring under strict confinement conditions is necessary in order to find out 

about competitiveness of the transgenic varieties.Experiments with less risky crop varieties (e.g. 
with male sterility) having the same favourable effect desired. 

Unknown (one of the three indices is unknown) 
 More studies are needed before any field releases are done. 
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Table 1: Risk categories for some crops important to Switzerland 
 
  Dp code 
Df code Dd code 0 1 2 3 4 5 
0 0       
 1 Tomato      
 2 Tobacc      
 3       
 4       
 5       
1 0       
 1       
 2  Beet     
 3       
 4       
 5       
2 0       
 1       
 2    Endive   
 3       
 4    Turnip   
 5      Lettuce 

3 0       
 1       
 2    Cabbag   
 3    Radish   
 4       
 5    Rape   
4 0 Maize      
 1   Barley    
 2   Wheat  Carrot  
 3   Rye Chicory   
 4       
 5       
5 0       
 1 Potato      
 2       
 3  Clovers     
 4      Alfa
 5      Gra
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  No effect 
  Minimal effect 
  Low but local effect 
  Substantial but local effect 
  Substantial and wide-spread effect 

7. Conclusions 
 
Besides direct measurement of transgene flow to wild relatives we need a system which builds 
on decades old experience. This is why we think that the most reliable data do not stem from 
short term field experiments of outcrossing schemes, which are always dependent on 
meteorological conditions and regional characteristics. This decades old data material is 
obtainable in herbaria, which always contain a rich material on hybrids, collected by specialized 
taxonomists. Taxonomists have a very sharp eye for unusual morphology of hybrids within 
large populations, and usually, hybrid specimens are over-represented in well assorted big 
herbaria, with collectors items gathered over centuries. Morphometrics add to the precision of 
hybrid recognition in herbaria, allow or statistically sound data sets and give a fairly well 
documented picture on hybrid processes out in the field, which is at least as valuable a data set 
compared to lab, garden and short term field experiments. Our Dutch-Swiss method of 
recognizing hybrids with other means than experimental ones needs to be enhanced in the view 
of biogeography. It would be necessary to regionalize the Dp codes in Europe, since the 
biogeography of the wild relatives for many crops vary considerably. 

9. Literature 
Abbott R (1994a) Ecological risks of transgenic crops. Tree 9 :280-281 
Abbott R (1994b) Reply to Thacker JRM. Transgenic plants. Tree 9 : 486 
Adams WT, Griffin AR, Moran GF (1992) Using paternity analysis to measure effective pollen dispersal in plant 

populations. The American Naturalist 140 (5) : 762-780. 
Ahl Goy P, Chasseray E, Duesing J (1994) Field trials of transgenic plants: an overview. Agro-Industry hi-tech 

March/April, 10-15. 
Ahl Goy P, Duesing J (1995) From Plots to Plots: Genetically Modified Plants on Trial. Biotechnology 13: 454-

458. 
Ahl Goy P, Duesing J (1996) Assessing the Environmental Impact of Gene Transfer to Wild Relatives. 

Biotechnology 14: 39-40. 
Altmann M (1994) Schlussfolgerungen aus dem Technikfolgenabschätzungs-Verfahren (TA) zum Anbau von 

Kulturpflanzen mit gentechnisch erzeugter Herbizidresistenz. Gaia, 3(6) 
Altmann M and Ammann K (1992) Gentechnologie im gesellschaftlichen Spannungsfeld: Züchtung transgener 

Kulturpflanzen. Gaia, 1(4): 204-213. 
Ammann K (1994) Die ökologischen Risiken der Gentechnologie und wie wir damit umgehen können. In: Ethik 

und Strahlenschutz, Seminar des Fachverbandes für Strahlenschutz e.V. und der Eidgenössischen Kommission 
für Strahlenschutz, Publikationsreihe Fortschritte im Strahlenschutz, 16-26. 

Ammann K (1995) Gentechnisch veränderte Kulturpflanzen in der Umwelt : Chancen und Probleme- Die Suche 
nach gangbaren Wegen. In : HF Erbersdobler, Hammes W, Jany KD (eds):  Gentechnik und Ernährung.., 
Wissenschaftliche Verlagsgesellschaft mbH Stuttgart, 161-195. 



Ammann 
 

Ammann K (1995) Die ökologischen Risiken der Gentechnologie und wie wir damit umgehen können. In: Behrens, 
M, Meyer-Strumberg S, Simonis G (Hrsg), Gentechnik und Nahrungsmittelindustrie. Mensch undTechnik, 
Sozialverträgliche Technikgestaltung. p.177-190. 

Ammann K, Felber F, Keller J, Jacot Y, Küpfer Ph, Rufener P, Savova D (1994) Dynamic biogeography and 
natural hybridization of selected weedy species in Switzerland. Symposium "Gene Transfer: Are Wild Species 
in Danger?", Le Louverain, Switzerland, Nov.1994. Environmental Documentation, Federal Office of 
Environment, Forests and Landscape (FOEFL), 12: 36-39. 

Anderson C (1992) Researchers ask for help to save key biopesticide. News. Nature 355: 661 
Anderson E (ed) (1949) Introgressive hybridisation. John Wiley & Sons, Inc., New York, Chapman & Hall, 

Limited, London. 
Andow DA (1994) Community response to transgenic plant release: using mathematical theory to predict effects of 

transgenic plants. Molecular Ecology 3: 65-70. 
Arnold ML and Hodges SA (1995) Are natural hybrids fit or unfit relative to their parents ? Tree. 10 (2): 67-71. 
Ashman TL, Galloway LF, Stanton ML (1993) Apparent vs. effective mating in an experimental  population of 

Raphanus sativus. Oecologia 96: 102-107. 
Austin RB, Flavell RB, Henson IE, Lowe HJB (eds) (1986) Molecular biolgy and crop improvement. Cambridge 

University Press. 
Bainton JA (1993) Considerations for release of herbicide resistant crops - Volunteer crops as weeds. Aspects of 

Applied Biology 35: 45-52. 
Baker HG (1967) Characteristics and modes of origin of weeds. In : HG Baker, Stebbins GL (eds.) The genetics of 

colonizing species. Academic Press. New York and London. 147-172. 
Baker HG (1974) The evolution of weeds. Ann. Rev. of Ecology and Systematics 5: 1-24 
Barrett SCH (1983) Crop mimicry in weeds. Econ. Bot., 37 (3): 255-282. 
Barrett JCA (1992) Biotechnology - Promises and Challenges for Sustainable Agriculture. OECD Workshop, 

Biotechnology and Practice. Manuscript. 
Bartsch D (1995) Ökologische Begleitforschung zu rizomaniaresistenten Zuckerrüben. In: S Albrecht, Beusmann, 

V (eds): Ökologie transgener Nutzpflanzen, Gentechnologie - Chancen und Risiken. Campus. Verlag 
Frankfurt/New York, 31: 81-98.  

Bartsch D, Sukopp H, Sukopp U (1993) Introduction of plants with special regard to cultigens running wild. In: K 
Wöhrmann, Tomiuk J (eds): Transgenic organisms., Birkhäuser Verlag Basel/Switzerland, 135-151. 

Bazin MJ and Lynch JM (eds) (1995) Environmental Gene Release. Models, Experiments and Risk Assessment. 
Chapman & Hall, New York, 166p, ISBN 0-412-54630-2. 

Becker T (1951) Siebenjährige blütenbiologische Studien an den Cruziferen Brassica napus L., Brassica rapa L., 
Brassica oleracea L., Raphanus L. und Sinapis L.. Teil I. Zeitschrift für Pflanzenzüchtung, 29: 222-240. 

Bevan MW, Harrison BD, Leaver CJ (eds) (1995) The Production and Uses of Genetically Transformed Plants, 
Chapman & Hall, New York. 

Beversdorf WD, Scott LS (1987) Development of Triazine Resistance in Crops by Classic Plant Breeding. Weed 
Science 35: 9-11. 

Blanck KD (1991) Raps in der Fruchtfolge nicht überziehen! In: Rapsanbau für Könner - Bestände gezielt aufbauen 
und schützen. Top agrar - Das Magazin für moderne Landwirtschaft. Landwirtschaftsverlag Münster-Hiltrup, 
94-98, ISBN 3-7843-1386-8.  

Bottermann J, Leemans J (1988) Engineering of Herbicide Resistance in Plants. Biotechnology and Genetic 
Engineering Reviews 6: 321-341. 

Boudry P, Mörchen M, Samitov-Laprade P, Vernet P, Van Dijk H (1993) The origin and evolution of weed beets: 
consequences for the breeding and release of herbicide-resistant transgenic sugar beets. Theor. Appl. Genet., 87: 
471-478. 

Boyle-Makowski RMD (1985) Pollinator activity and abiotic factors in an apple orchard. The Canadian 
Entomologist 117: 1509-1521. 

Bryant J (1992) Removal of selectable marker genes from transgenic plants: needless sophistication or social 
necessity? Tibtech 10 (8): 274-275 



Vertical Gene Flow 

Crawley MJ (1992) The comparative ecology of transgenic and conventional crops. In: R Casper, Landsmann J 
(eds.): 2nd international symposium on the biosafety results of field tests of genetically modified plants and 
microorganisms. May 11-14, 1992, Goslar, Germany, 43-52.  

Crawley MJ, Halls RS, Rees M, Kohn D, Buxton J (1993) Ecology of transgenic oilseed rape in natural habitats. 
Nature, 363 (6430): 620-623.  

Curtis H (ed) (1983) Biology. New York : Worth Publishers, Inc. 
Cussans GW (1978) The problem of volunteer crops and some possible means of their control. Proc. British Crop 

Protection Conference. Weeds, 3: 915-921. 
Dale P (1992) Spread of Engineered Genes to Wild Relatives. Plant Physiol. 100, 13-15. 
Dale PJ, Parkinson R, Scheffler JA (1993) Dispersal of genes by pollen - the PROSAMO-Project. British Crop 

Protection Council Monograph 55: 133-143. 
Darmency H, Renard M (1992) Efficiency of safety procedures in experiments with transgenic oilseed rape. In:  R 

Casper, Landsmann J (eds.): 2nd international symposium on the biosafety results of field tests of genetically 
modified plants and microorganisms. May 11-14, 1992, Goslar, Germany, 54-60. 

Department of the Environment and Advisory Committee on Releases to the Environment (1994) Newsletter, 2: 2-
5. 

Dumas C (1984) Ecologie florale et pollinisation. In : Pesson P, Louveaux J (eds.). Pollinisation et production 
végétales. INRA, Paris, 31-46 

Eckert JE (1933) The flight range of honeybee. J. Agric. Res. 47:  257-285. 
Eijlander R (1989) Transgene biet, ja of nee. Prophyta, 43: 232-233. 
Ellstrand N (1988) Pollen as a vehicle for the escape of engineered genes ? Trends in Ecology and Evolution 3: 

S30-S32. 
Ellstrand N (1992) Gene flow by pollen : implications for plant conservation genetics. Oikos, 63: 77-86. 
Ellstrand N, Marshall D (1985) Interpopulation gene flow by pollen in wild radish, Raphanus sativus. American 

Naturalist 126: 606-616. 
Ellstrand N, Devlin B, Marshall D (1989) Gene flow by pollen into small populations : data from experimental and 

natural stands of wild radish. Proceedings of the National Academy of Sciences 86: 9044-9047. 
Feitelson J, Payne J, Kim L (1992) Bacillus thuringiensis: insects and beyond. Bio/Technology 10: 438-442. 
Ferre J, Real MD, Van Rie J, Jansens S, Peferoen M (1991) Resistance to the Bacillus thuringiensis bioinsecticide 

in a field population of Plutella xylostella is due to a change in a midgut membrane receptor. Proc. Nat. Acad. 
Sci. USA 88: 5119-5123. 

Fitter A, Perrins J, Williamson M (1990) Weed probability challenged. Bio/Technology 8: 473. 
Fredshavn JR, Poulsen GB, Madsen KH, Jensen SM (1992) Safety assessment of deliberate release of transgenic 

sugar beet II. In: BRIDGE, first sectoral meeting on biosafety. Wageningen, December 6-9, 1992. Commission 
of the Eruropean Communities, Brussels, Belgium and Wageningen Agricultural University, Wageningen, The 
Netherlands, 41.  

Fredshavn J, Poulsen GS (1996) Growth behaviour and competitive ability of transgenic crops. Field Crops 
Research 45 (1-3): 11-18 

Fredshavn JR, Poulsen GS (1995) Competitiveness of transgenic oilseed rape. Transgenic Research 4: 142-148. 
Friedt W (1995) Oral presentation 'Erwünschte und unerwünschte Inhaltsstoffe - eine Herausforderung für den 

Pflanzenbau' at the annual meeting 1995 of the Swiss Society of Agronomy in Bern, Switzerland. 
Frietema De Vries FT (1996) Cultivated plants and the wild flora. Effect analysis by dispersal codes. Thesis. 

Rijksherbarium, Hortus Botanicus, Leiden, 100p. 
Frietema De Vries FT, Van der Meidjen R, Bradenburg WA (1994) Botanical files on lettuce (Lactuca sativa L.) 

for gene flow between wild and cultivated lettuce (Lactuca sativa L. Including L. Serriola L., Compositae) and 
the generalized implications for risk assessment on Genetically Modified Plants. Gorteria suppl. 2, 44p. 

Gabriel W (1993) Technologically modified genes in natural populations: some skeptical remarks on risk 
assessment from the view of population genetics. In : Wöhrmann K, Tomiuk J (eds.): Transgenic Organisms 
Birkhäuser, Basel, 109-116. 

Gold TJ et al. (OTHER AUTHORS ???) (1991) Agrobacterium rhizogenes mediated transformation of the forage 
legumes Medicago sativa and Onobrychis viciifolia. J.Exp. Botany 42: 1147-1157. 



Ammann 
 

Gould F (1988a) Evolutionary Biology and Genetically Engineered Crops. Consideration of evolutionary biology 
can aid in crop design. BioScience 38 (1): 26-32. 

Gould F (1988b) Genetic engineering, integrated pest management and the evolution of pests. Tree 3(4): 15-18. 
Gould F, Martinez-Ramirez A, Anderson A, Ferre J, Silva F, Moar W (1992) Broad Spectrum resistance to Bacillus 

thuringiensis toxins in Heliothis virescens PNAS 89 (17): 7986-7990 
Grallien E, Marilleau R, Pham-Delègue MH, Picard-Nizou AL (1995) Impact of pest insect resistant oilseed rape 

on honeybees. In : Rapeseed today and tomorrow, 9th International rapeseed congress, Cambridge, UK, 4-7 july 
1995, 3: 784-786. 

Graner A, Wenzel G (1993) Chancen und Risiken der Grünen Gentechnik. Pflanzenschutz-Praxis 4: 20-22. 
Grant V (ed) (1981) Plant speciation. Second edition. New York, Columbia University Press. 
Gray A.J. (1986) Green Industry Biotechnology Platform 1995. Extracts from GIBiP Database on Field Trials 1986 

- 1994, G95/129 
Gregorius HR, Steiner W (1993) Gene transfer in plants as a potential agent of introgression. In: K Wöhrmann, 

Tomiuk J (eds.), Transgenic Organisms. Birkhäuser, Basel 1993, 109-116. 
Gressel J (1993) Management of herbicide -resistant weeds in crop production. In : International Crop Science I., 

Crop Science Society of America , 677S, Madison, USA. 
Gressel J 1992 Indiscriminate use of selectable markers - sowing wild oats ? TIBTECH, 10, 11: 382. 
Gressel J, Regev Y, Malkin S, Kleifeld Y (1983) Characterization of an s-triazine-resistant biotype of 

Brachypodium distachyon. Weed Science 32: 450-456. 
Gressel J, Kleifeld Y (1994) Can wild species become problem weeds because of herbicide resistance? 

Brachypodium distachyon: a case study. Crop protection 13 (8): 563-566. 
Hadley HH. , Openshaw SJ (1980) Interspecific and intergeneric hybridization. In: WR Fehr, Hadley HH (eds.). 

Hybridization of crop plants. American Society of Agronomy-Crop Science Society of America, Madison, 133-
159. 

Halliun d' K, Sottermann J, Greef de W (1990) Engineering of herbicide resistant alfalfa and evaluation under field 
conditions. Crop Science 30: 866-871. 

Halluin D’ K, Bossut M, Bonne E, Mazur B, Leemans J, Botterman J (1992) Transformation of sugarbeet (Beta 
vulgaris L.) and evaluation of herbicide resistance in transgenic plants. Bio/Technology 10: 309-314. 

Harding K, Harris PS (1994) Risk assessment of the release of genetically modified plants : a review. Ministry of 
Agriculture, Fisheries and Food (ed.), London, 54pp. 

Harlan JR (1965) The possible role of weed races in the evolution of cultivated plants. Euphytica 14: 173-176. 
Harlan JR, De Weet JMJ, Price EG (1973) Comparative evolution of cereals. Evolution 27: 311-325. 
Hartmann E, Schuldes H, Kübler R, Konold W (eds) (1994) Neophyten - Biologie, Verbreitung, Kontrolle 

ausgewählter Arten. Ecomed. Landsberg, Germany, 302p, ISBN 3-609-65450-3. 
Herrmann G (1987) Biochemische, physiologische und immunologische Untersuchungen zum Herbizid-

Bindeprotein aus Thylakoidmembranen von einzelligen Algen und höheren Pflanzen. Dissertation Universität 
Konstanz. 1.Aufl. 

Heywood V and Zohary D. (1995) A Catalogue of the Wild Relatives of Cultivated Plants Native to Europe. Flora 
Mediterranea 5: 375-415. 

Hill KK. Jarviseagan N. Halk EL Krahn KJ. Liao LW. Mathewson RS. Merlo DJ. Nelson SE. Rashka KE. 
Loeschfries LS. (1991) The development of virus-resistant alfalfa, Medicago sativa L. Bio/Technology 9: 373-
377. 

Hojland JG, Pedersen S (eds) (1994) Carrot (Daucus carota L. ssp. sativus (Hoffm.) Arcangeli) : Dispersal, 
establishement and interactions with the environment. The National Forest and Nature Agency, Copenhagen, 
Denmark. 67p. 

Holm LG et al. Holm, LR. Doll, J. Holm, E. Pancho, JV. Herberger, JP.  (eds) (1977) The world’s worst weeds. 
Distribution and biology. University Press of Hawaii, Honolulu. 

Holzner W (1982) Concepts, categories and characteristics of weeds. In: W Holzner, Numata N. (eds): Biology and 
ecology of weeds, Dr. W. Junk Publishers, The Hague, 3-20.  

Hoyle R (1993) Herbicide-resistant crops are no conspiracy. BIO/TECHNOLOGY ,1: 783-78. 



Vertical Gene Flow 

Jacot Y and Jacot P (1994) Application du génie génétique à l’agriculture : Evaluation des dangers potentiels pour 
la flore suisse. Cahier de l’Environnement, Organismes 235, 77p. 

Jörgensen RB (1993) Genetic pollution in the genus Brassica. A case story of the gene flow between oilseed rape 
(B. napus) and wild B. campestris. [B. rapa subsp. campestris]  Council of Europe, workshop on conservation 
of the wild relatives of European cultivated plants: developing intergrated strategies. Neuchâtel University 
(Switzerland), working document in abstracts of workshop in Louverain. 

Jörgensen RB, Andersen B (1994) Spontaneous hybridization between oilseed rape (Brassica napus) and weedy B. 
campestris [B. rapa subsp. campestris ] (Brassicaceae): a risk of growing genetically modified oilseed rape. 
American Journal of Botany 81(12): 1620-1626. 

Keeler K, Turner C (1991) Management of Transgenic Plants in the Environment. In: M Levin, Strauss H (eds.): 
Risk Assessment in Genetic Engineering. Mc Graw Hill, 189-218. 

Kirkpatrick KJ, Wilson HD (1988) Interspecific geneflow in Cucurbita : C. texana vs. C. pepo. Amer. J. Bot. 75: 
519-527. 

Kjellsson G, Simonsen V (eds) (1994) Methods for risk assessment of transgenic plants. I. Competition, 
establishment and ecosystem effects. Birkhäuser, Basel. 

Kjellsson G, Simonsen V, Ammann K (eds) (1997) Methods for risk assessment of transgenic plants. II. 
Pollination, Gene-transfer and Population impact. Birkhäuser, Basel. 

Lambelet-Haueter C (1990) Mauvaises herbes et flore anthropogène. I. Définitions, concepts et caractéristiques 
écologiques. Saussurea 21: 47-73. 

Lambelet-Haueter C (1991) Mauvaises herbes et flore anthropogène. II. Classifications et catégories. Saussurea 22: 
49-81. 

Lamberti F, Waller JM, Van der Graaff NA (eds) (1982) Durable Resistance in Crops. Plenum Press New York 
and London.  

Langevin SA, Clay K, Grace JB (1990). The incidence and effects of hybridisation between cultivated rice and its 
related weed red rice (Oryza sativa L.). Evolution, 44: 1000-1108. 

Larkin PJ et al. Taylor BH, Gersmann M, Brettell RIS, (1990) Direct gene transfer to protoplasts. Australian J. of 
Plant Physiology 17: 291-302. 

Leisinger K (ed) (1991) Gentechnik für die Dritte Welt ? Birkhäuser , Basel. 
Levin D (1978) The origin of isolating mechanisms in flowering plants. In : M Hecht, Steere W, Wallace B (eds.): 

Evolutionary Biology. Plenum Press, New York, 185-317. 
Levin DA, Kerster HW (1974) Gene flow in seed plants. Evol. Biol. 7: 139-220. 
Lupi C (1995) Genetic engineering for plant protection - Methods, state of the art and applications. Technology 

assessment of pest resistant transgenic plants, report 1. BATS, 60p.  
Madsen KH (1994) Weed management and impact on ecology of growing glyphosate tolerant sugarbeets (Beta 

vulgaris L.). Ph.D.-Thesis. The Royal Veterinary and Agricultural University, Weed Science, Copenhagen, 
Denmark and MARIBO Seed, Holeby, Denmark, 61p. 

Mallet J, Porter P (1992) Preventing insect adaptation to insect-resitant crops: are seed mixtures or refugia the best 
strategy? Proc. R. Soc. 250, 1328, 165-169, London. 

Mandel MA et al. Bowman JL, Kempin SA, Ma H, Meyerowitz EmM, Yanofsky MfF (1992) Manipulation Of 
Flower Structure In Transgenic Tobacco Cell 71: 133-143.  
Mangelsdorf PC (1961) Introgression in Maize. Euphytica 10: 157-168. 
McGaughey WH (1985) Insect resistance to the biological insecticide Bacillus thuringiensis. Science 229: 193-194. 
McGaughey WH, William ME, Wilson E (1992) Managing Insect Resistance to Bacillus thuringiensis Toxins. 

Science 258: 1451-1455. 
Meer Van der PJ (eds) (1993) Proceedings (working document) Pan-European conference on the potential long-

term ecological impacts of the release of genetically modified organisms. Council of Europe, Strasbourg 1993. 
Mikkelsen TR, Landbo L, Joergensen RB (1995) Interspecific flow of transgenes in field experiments. In : 

Workshop on Brassica napus, Book of abstracts, 20-23 march 1995, Helsingor, Denmark, L8. 
Mikkelsen TR, Andersen B, Jörgensen RB (1996) The risk of crop transgene spread. Nature 380: 7. 
Mizukami Y, Ma H (1992) Ectopic Expression Of The Floral Homeotic Gene Agamous In Transgenic Arabidopsis 
Plants Alters Floral Organ Identity, Cell 71: 119-131. 

http://apps.isiknowledge.com/WoS/CIW.cgi?SID=U1ILKm8H26Epg53mgb3&Func=OneClickSearch&field=AU&val=MA+H&ut=A1992JQ62300013&auloc=4&curr_doc=5/1&Form=FullRecordPage&doc=5/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=U1ILKm8H26Epg53mgb3&Func=Abstract&doc=6/1
http://apps.isiknowledge.com/WoS/CIW.cgi?SID=U1ILKm8H26Epg53mgb3&Func=Abstract&doc=6/1


Ammann 
 

Morris WF, Kareiva PM, Raymer PL (1995) Do Barren Zones and Pollen Traps Reduce Gene Escape from 
Transgenic Crops Ecol Appl. 4,1: 157-165 
Newmann SM (1990) Pollen transfer from transgenic plants : Concepts for risks assessment and data requirements. 

AAAS/EPA Environmental Science and Engineering Fellow 1-40. 
NRC Report on Field Testing (1989) National Research Council of the National Academy of Sciences. Committee 

on scientific evaluation of the introduction of genetically modified micro-organisms and plants into the 
environment. Field testing genetically modified organisms: Framework for decisions. National Academy Press, 
Washington, D.C., 170 p, ISBN 0-309-04076-0.  

OECD (1993a) Field releases of transgenic plants, 1986-1992 an analysis. OECD, Paris, 39p. ISBN 92-64-14046-8. 
OECD (1993b) Safety considerations for biotechnology: Scale-up of crop plants. OECD, Paris, 41p. ISBN 92-64-

14044-1. 
Oka HI, Morishima H (1982) Ecological genetics and the evolution of weeds. In: W Holzner, Numata, N (eds): 

Biology and ecology of weeds. Dr. W. Junk Publishers, The Hague. 73-89.  
Omirulleh S et al. (OTHER AUTHORS ??) (1993) TITLE ?? Plant Mol. Biol. 21: 415-428. 
Oxtoby E, Huges MA (1990) Engineering herbicide tolerance into crops. TIBTECH 3/8: 61-65 
Paul EM, Lewis GB, Dunwell JM (1991) The pollination of genetically modified plants. Acta Horticulturae 288: 

425-429. 
Pham-Délègue MH, Picard-Nizou AL, Arnorld G, Grison R, Toppan A, Olsen L, Masson C (1992) Impact of 

genetically modified rapeseed on insect pollinators (honeybees). In : R Casper, Landsmann J (eds.): 
Proceedings of the 2nd International Symposium on „the biosafety results of field tests of genetically modified 
plants and micro-organisms“ May 11-14, 1992, Goslar, Germany.  

Pickersgill B (1981) Biosystematics of crop-weed complexes. Kulturpflanze XXIX: 377-388.  
Poulsen GS, Fredshavn J (1995) Assessing competitive ability of transgenic oilseed rape. Workshop on Brassica 

napus, Helsingör, 20-23 March 1995, Denmark, L13. 
Pouvreau A (1984) Production de semences potagères. In : P. Pesson et J. Louveaux (eds) : Pollinisation et  productions 

végétales. INRA, Paris. 471-496. 
Raamsdonk van LWD (1993) Wild and cultivated plants : the paralellism between evolution and domestication. 

Evolutionary Trends in Plants 7(2): 73-84. 
Rauber R (1977) Evolution von Unkräutern. Ergebnisse der 1. Deutschen Arbeitsbesprechung über Fragen der 

Unkrautbiologie und -bekämpfung, 1977, Stuttgart, Hohenheim. Zeitschrift für Pflanzenkrankheiten und 
Pflanzenschutz 8: 37-55. 

Raybould A, Gray A (1993) Genetically modified crops and hybridization with wild relatives: A UK perspective. 
Journal of Applied Ecology 30: 199-219 

Raybould A, Gray A (1994) Will hybrids of genetically modified crops invade natural communities ? Tree 9 (3): 
85-88. 

Regal P (1992) Scientific principles for ecologically based risk assessment of transgenic plants. Draft prepared for 
the symposium Potential Ecological and non-target effects of transgenic plant gene products on agriculture, 
silviculture and natural ecosystems. November 30-December 2, 1992, College Park, Md. 

Regal PJ (1994) Scientific principles for ecologically based risk assessment of transgenic organisms. Molecular 
Ecology 3: 5-13. 

Rhodes CA, Pierce DA, Mettler IJ, Mascarenhas D, Detmer JJ (1988) Genetically Transformed Maize Plants from 
Protoplasts Science 240: 204-207. 
Rich TCG (1991) Crucifers of Great Britain and Ireland. B.S.B.I. Handbook No. 6. Botanical Society of the British 

Isles. London, ISBN 0-901-158-208. 
Rissler J, Mellon M (eds) (1993) Perils amidst the promise: ecological risks of transgenic crops in a global market. 

Union of Concerned Scientists, Cambridge, M.A. 
Rösler L (1969) Zur Bestimmung und Beurteilung fon Fatuoiden und Bastardformen zwischen Saat- und Flughafer. 

Saat- und Pflanzgut 10: 731-735. 
St. Pierre MD, Bayer RJ (1991) The impact of domestication on the genetic variability in the orange carrot, 

cultivated Daucus carota ssp. sativus and the genetic homogeneity of various cultivars. Theoretical and Applied 
Genetics 82: 249-253. 



Vertical Gene Flow 

Salm van der T, Bosch D, Honee G, Feng L, Munterman L, Bakker P, Steikema W, Visser B (1994) Insect 
resistance of transgenic plants that express modified Bacillus thuringiensis cryIA(b) and dryIC genes: a 
resistance management strategy. Plant Molecular Biology 26: 51-59. 

Scheffler J, Parkinson R, Dale P (1993) Frequency and distance of pollen dispersal from transgenic oilseed rape 
(Brassica napus) . Transg. Res. 2, 356-364. 

Schlink S (1994) Ökologie der Keimung und Dormanz von Körnerraps (Brassica napus L.) und ihre Bedeutung für 
eine Überdauerung der Samen im Boden. Dissertationes Botanicae Band 222. Cramer, Berlin, Stuttgart, 194p, 
ISBN 3-443-64134-2. 

Schlüter K, Potrykus I (1995) Horizontaler Gentransfer von transgenen Pflanzen zu Mikroorganismen (Bakterien 
und Pilzen) und seine ökologische Relevanz. Gutachten BATS, Fachstelle für Biosicherheit und Abschätzung 
von Technikfolgen des Schwerpunktprogrammes Biotechnologie. 1-39. 

Scholz H (1983) Die Unkraut-Hirse (Panicum miliaceum subsp. ruderale) neue Tatsachen und Befunde. Plant Syst. 
Evol. 143: 233-244. 

Scholz H (1991) Die Systematik der Avena sterilis und A. fatua (Gramineae). Eine kritische Studie. Willdenowia, 
20, 103-112. 

Scholz H (1993) Kommentar zur Studie: „Ökologische Langzeit-Effekte der Verwilderung von Kulturpflanzen“. 
Gutachten erstellt im Auftrag der Abteilung „Normbildung und Umwelt“, Forschungsschwerpunkt Technik-
Arbeit-Umwelt, des Wissenschaftszentrums Berlin für Sozialforschung (WZB), Berlin. 

Schönberger H, Vries De G (1991) So bauen Sie den Rapsbestand gezielt auf. In: Rapsanbau für Könner - Bestände 
gezielt aufbauen und schützen. Top agrar - Das Magazin für moderne Landwirtschaft. Landwirtschaftsverlag 
Münster-Hiltrup, 20-26, ISBN 3-7843-1386-8. 

Schroeder HE Khan, M. R. I. Knibb, W. R. Spencer, D. Higgins, T. J. V. (1991) Expression of a chiken ovalbumin 
gene in three lucerne cultivars. Australian Journal of Plant Physiology, 18: 495-505. 

Schwaintz F (1971) Die Entstehung der Kulturpflanzen als Modell für die Evolution der gesamten Pflanzenwelt. In: 
G Heberer (eds). Die Evolution der Organismen, II/2,Stuttgart. 

Simmonds NW (ed) (1976) Evolution of crop plants. Longmann, London and New York. 
Simmonds NW (ed) (1979) Principles of crop improvement. Longman, London and New York. 
Simmonds NW (ed) (1988) Principes d'amélioration génétique des végétaux. Les Presses Universitaires de Laval, 

Québec, ISBN 2-7637-7117-3 
Sinemus K (1994) Biologische Risikoanalyse gentechnisch hergestellter herbizidresistenter Nutzpflanzen. 

Erarbeitung eines Modells zur Risikominimierung bei der Freisetzung transgener Nutzpflanzen. Verlag Mainz, 
ISBN 3-930911-95-7, 223 S. Thesis. 

Small E (1984) Hybridization in the domesticated weed-wild complex. In : WF Grant (eds): Plant Biosystematics 
Academic Press, Toronto, 195-210. 

Snow AA, Moran-Palma P (1995) Ecological risks of cultivating transgenic plants. Article submitted to the US 
Environmental Agency. Dept. of Plant Biology Ohio State University, September 1, final version, 1 

Somers DA (1992) Transgenic plants in cultivated oat (Avena sativa L.). Abstracts of the first international Crop 
Science Congress, Iowa State University Ames, U.S.A., 61. 

Sukopp U, Sukopp H (1993) Das Modell der Einführung und Einbürgerung nicht einheimischer Arten - Ein Beitrag 
zur Diskussion über die Freisetzung gentechnisch veränderter Arten. Gaia 2(5): 267-288. 

Sukopp U, Sukopp H (1994) Ökologische Lang-Zeiteffekte der Verwilderung von Kulturpflanzen. Verfahren zur 
Technikfolgenabschätzung des Anbaus von Kulturpflanzen mit gentechnisch erzeugter Herbizidresistenz. Heft 
4. TU Berlin, 144p.  

Summermatter K (1996) Systemisch induzierte Resistenz bei Arabidopsis thaliana. Inaugural-Dissertation, 
Université de Fribourg, 49 pp. 

Tabashnik BE (1994) Evolution of resistance to Bacillus thuringiensis. Annual Reviev of Entomology 39: 47-79 
Tabashnik BE, Finson N, Johnson MW (1991) Managing resistance to Bacillus thuringiensis: lessons from the 

diamond back moth (Lepidoptera: Plutellidae). J. Econ. Entomol. 84: 49-55 
Tabashnik BE, Schwartz JM, Finson N, Johnson MW (1992) Inheritance of Resistance to Bacillus-Thuringiensis in 
Diamondback Moth (Lepidoptera, Plutellidae) J. Econ. Entomol. 85: 1046-1055 
Thacker JRM (1994) Transgenic plants. Tree 9: 486 



Ammann 
 

Theisen H (1991) Bio- und Gentechnologie - Eine politische Herausforderung., Kohlhammer, Stuttgart, S193.  
Thellung A (1912) La flore adventice de Montpellier. Mem. Soc. Nation. Sci. Nat. Math. 38: 57-728.  
Tiedje JM, Colwell RK, Grossmann YL, Hodson RE, Lenski RE, Mack RN, Regal PJ (1989) The planned 

introduction of genetically engineered organisms: Ecological considerations and recommendations. Ecology 
70,2, 298-315. 

Timmons AM, Charters YM, Crawford JW, Burn D, Scott SE, Dubbels SJ, Wilson NJ, Robertson A, O’Brien ET, 
Squire GR, Wilkinson MJ (1996) Risks from transgenic crops. Nature 380: 487 

Tomiuk J, Loeschcke V (1993) Conditions for establishment and persistence of populations of transgenic 
organisms. In: K Wöhrmann, Tomiuk J (eds): Transgenic organisms 117-133. 

Toriyama K Stein, J. C. Nasrallah, M. E. Transformation of Brassica-Oleracea with an S-Locus Gene from 
Brassica-Campestris Changes the Self-Incompatibility Phenotype Theoretical and Applied Genetics 81,6: 769-776 
Vries de FT, van der Meijden R, Brandenburg WA (eds) (1992) Botanical files - A study of the real chances for 

spontaneous gene flow from cultivated plants to the wild flora of the Netherlands. Gorteria suppl.1, 100p. 
Vries de IM (1990) Crossing experiments of lettuce cultivars and species (Lactuca sect. Lactuca, Compositae). 

Plant. Syst. Evol. 171: 232-233. 
Weber B (1995) Überlegungen zur Aussagekraft von Risikoforschung zur Freisetzung transgener Pflanzen. In: S 

Albrecht, Beusmann V (eds): Ökologie transgener Nutzpflanzen, Gentechnologie - Chancen und Risiken. 
Campus.Verlag Frankfurt/New York. 31: 111-126. 

Welten M, Sutter R (eds) (1972) Verbreitungsatlas der Farn- und Blütenpflanzen der Schweiz. Vol. 1 & 2, 
Birkhäuser, Basel 

Wijnheimer EHM, Brandenburg WA, Ter Borg SJ (1989) Interactions between wild and cultivated carrots (Daucus 
carota L.) in the Netherlands. Euphytica 40, 147-154. 

Williams IH, Corbett SA, Osborne JL (1991) Beekeeping, wild bees and pollination in the European community. 
Bee World 72: 170-180. 

Williams SL, Dincher S, Carozzi N, Kessman H, Ward E, Ryals J (1992) Chemical regulation of Bacillus 
thuringiensis alpha-endotoxin expression in transgenic plants. Bio/technollogy 10: 540-543. 

Williamson MH (1988) Potential effects of recombinant DNA organisms on ecosystems and their components. 
Tree 3: 32-35. 

Williamson MH (1993) Invaders, weeds and the risk from genetically manipulated organisms. Experientia 49: 219-
224. 

Williamson M, Perrins J, Fitter A (1990) Releasing genetically engineered plants: Present proposals and possible 
hazards. Trends in Ecology and Evolution 5: 417-419 

Wrubel RP, Krimsky S, Wetzler RE (1992) Field Testing Transgenic Plants. An analysis of the US Department of 
Agriculture's environmental assessments. BioScience 42(4): 280-288. 

Young S (1989) Wayward genes play the field. New Scientist 49-53. 
Zohary D (1992) Reproductive biology - introduction. Council of Europe, first workshop on conservation of the 

wild relatives of European cultivated plants: developing integrated strategies. Ría Formosa Nature Reserve, 
FARO (Portugal). 

Zoldan J (1993) Ackerunkräuter - ein Spiegel der landwirtschaftlichen Entwicklung. Spektrum der Wissenschaft, 
Juli 1993, 92-108. 

 
 


	Botanical Garden, University of Bern, Altenbergrain 21, CH-3013 Bern, Switzerland
	1. Introductory remarks
	By comparing potential and actual risks in both fields we need a clear view of the similarities and differences. Raamsdonk 1993 has given a scheme of gene flow, whether natural or influenced by human activity. It clearly shows that most pathways of gene flow are both natural and also strongly influenced by agriculture and breeding. But there is one notable exception: Transformation is something quite new. It is now possible to jump over the limits of species, genera and even families and orders in a much easier way. Let's not forget that there is something universal about the sequences used for transformation and often lay persons are puzzled by expressions like "a fish gene" for instance. They have not the knowledge how to judge the novelty of such transformation. But this statement also counts for the experts: Position effects and pleiotropic effects after transformation have to be considered in all cases, this is why we need to think about new risk assessment methods for genetic engineering. But we should always be aware of the fact that classical breeding is also dealing with the introduction of genes to a crop plant. The big difference is that these genes introduced in classical breeding are always belonging to some relatively close parents, transformation is always done in the relatively narrow environment of interbreeding species groups. But again we have to consider all cases in classical breeding, where single gene mutations or the change of only a small number of genes has dramatically changed morphology, growth and yield of a crop, especially in the case of maize and wheat. Considering  the possible escape of transgenes to wild relatives there are parallels between classical breeding and genetic engineering regarding the processes of vertical gene flow, but the results may be different in the case of a possible escape of a novel transgene having new ecological potential.
	2. Outcrossing on neighbouring natural area: gene transfer and cross-hybridisation 
	Genetic engineering is obviously different and more powerful than traditional breeding. The question is whether this difference and power translate into greater, more serious risks, or whether the risks are different from those of traditionally bred products. At this early stage in the use of the technology, it is impossible to answer this question with certainty. 
	Gene escape depends on many ecological and agronomical factors: whether or not the crop is allowed to flower; how far its pollen travels, success of fertilisation, extent of seed dispersal, seed survival and so on. Even if a gene does escape, its future may be bleak if it handicaps its new host (Young 1989). 
	The probability of successful pollination depends on a great number of interrelated factors, such as: level of pollen production of (transgenic) plant, rate of self- and cross-fertilisation of receptor plant, rate of dispersion of donor pollen, properties of pollinating agents, spatial distance between pollen donor and wild recipient population, local density of recipient population, difference in phenology between crop and wild population.
	But there are more barriers to hybridization:
	Families with economically important crops often show low hybridization barriers. Simmonds (1976) gives an overview of the history of major and minor crop plants. It appears that hybridization was a common technique in the breeding history of 31 out of 39 families, and in 70 out of 90 genera, i.e. 75-80 percent of the cases. 
	Adaptative traits acquired under domestication usually have no selective value in natural habitats, and sustainable genetic introgression from domestic plants to wild relatives is rare. Gene exchange is more known in the other direction, from wild relatives to crops (Newmann 1990).
	There are more barriers to hybridization (Hadley and Openshaw,1980)
	a) External barriers such as spacial, ecological, phenological, mechanical and pollination ecological isolation phenomena.
	b) Internal barriers such as prevention of fertilisation, hybrid weakness or inviability, hybrid sterility, hybrid breakdown in the F2 generation.
	c) There are also barriers to pollen dissemination: Pollen viability, pollen sedimentation, distance of receiving plants, separation of anthers and stigmas by various contrivances. 
	Sexual reproduction occurs among crops, weeds, and wild plants within the distance that pollination can occur and where the plants are sexually compatible. Because pollen transfer is mediated primarily by wind and insects, the distance within which pollination can occur is affected by wind turbulence, speed and direction and/or the flying range of insects (Regal, 1982). Another factor is the longevity of the pollen itself. Generally, pollen is viable only a short time ; that is, it is capable of fertilising eggs only within a time period of minutes, hours or days after being produced.
	Of particular importance is the aerial transport of pollen grains. With plants that are pollinated by insects, one approach is to follow the pollinator. Insect such as honeybees and bumblebees are often loyal to a particular variety of flower for a given period of time. Moreover, they prefer short trips between blooms, visiting several flowers on a single plant perhaps, and then flying to a near neighbour, a few meters away at most. Yet because bees do not deposit all the pollen from one plant to the next, genes tend to travel further than appearances suggest (genes travelled twice that distance between two stops of bees) (Young 1989). With plants that are pollinated by wind, most pollen is deposited near to home, but a small amount travels much farther (Young 1989). It should also taken into account that indigenous pollinatior insects often are better adapted to local variation in climate than honey bees (Boyle-Makowski et al. 1985.)
	Theoretically, genetic modification may affect hybrid formation either by changing frequency with which it occurs, or by altering the range of species with which the crop is sexually compatible. Increasingly the evidence suggests that modification has little or no impact on either factor with the present day transgenes released in the fields. In general, plant fertility is maintained after the genetic modification, although there are instances where a particular transformation protocol has produced sterile plants. For example, transgenic maize regenerated from protoplasts is sterile if the protoplasts are transformed by electroporation (Rhodes et al. 1988), but fertile if transformed by polyethylene glycol (Omirulleh et al. 1993). Fertility problems in transgenic plants may therefore be due to particular combinations within the transformation protocol and starting material rather than due to the transformation in itself. It is unlikely that totally sterile transgenics would be of interest as they are unsuitable for breeding purposes. It may be assumed, therefore, that commercial transgenic crop varieties will show similar fertility as non-transgenics. One exception is the crop modified for male sterility. These crops are useful to plant breeders.
	One of the most important factors of hybridisation is the movement of the fertile pollen to a receptive stigma. Clearly, pollen production in the crop and the stigma-ripening in the wild relative must be concurrent. If the phenology of a transgenic crop is different from the un-modified form, then the potential for hybridisation will be modified. Several genetic modifications have produced alterations in flower development, but these tend to be changes in structure, leading to morphologically abnormal flowers (Mizukami and Ma 1992 ; Mandel et al. 1992) rather than the production of normal flowers with different flowering periods. These experiments were done with genes known to be involved in flower development or promoters only activated in floral tissue. Up to now, transformation does not seem to alter flowering period. However, as flowering period is a multigenic trait there is a possibility that a transgene may integrate into and disrupt the expression of a gene involved in flowering-period determination. Assuming simultaneous flowering, the extent of pollen transport will determine the potential for crop pollen to land on the stigma of a wild relative. Pollen flow, in most cases, describes a highly leptokurtic distribution from the source plant, with most grain moving less than 2 m in herbaceous plant (Levin and Kerster, 1974). Recent work confirms this for transgenic pollen (Tynan et al. 1989; Umbeck et al. 1991; Morris et al. in press). However, it is misleading to conclude from these data that hybridisation between crops and wild relatives can only occur over short distances. Even in case a hybridisation over long distances takes place only rarely, it may produce a new, viable founder population.
	Pollination is a major determinant factor for the hybridisation rate, but the types of hybrids are determined by interspecific incompatibility mechanisms. The genetics of these mechanisms are still not clear. Unless interspecific incompatibility is controlled by one or a small number of genes, the transformation process is unlikely to alter the cross-compatibility of the plants following transformation. Transformation of a self-compatible species with an S-allele involved in self-incompatibility mechanisms has been achieved, but the transgenic plants became self-compatible (Toriyama et al. 1991). Introduction of an incompatibility system into self compatible species will be useful to plant breeders, but it is not clear whether self incompatibility is involved in interspecific incompatibility, and, consequently, such modifications can be expected to have little effect on interspecific hybridisation.
	Another important question is whether or not the relation between pollinators and plants will be modified by transformation. First the new proteins synthesized by the transgenic plant should be toxic for bees. The non-toxicity of the chitinase has been proved (Pham-Delègue et al. 1992). Could the character of a transgenic plant modify the activity of the insect ? The same group demonstrated that the foraging time was shorter on a transgenic plant than on a non-transgenic one. However, Pham-Delègue et al.  concluded that transgenic oilseed rape has no negative effects on foraging bees under controlled conditions. They need to repeat the experiment in the field (Grallien et al., 1995). Similarly, Paul et al. (1991) found that there are no differences in the range of animals and the frequency of visits between modified and non-modified tobacco plants.
	Insects like bees are attracted by light of a wave length between 300 nm and 650 nm (Dumas 1984). This includes part of the ultraviolet light  but excludes the long-waved red light. A change in the flower colour could disturb the attractiveness of the flower for the insects and change cross-pollination rate for insect-pollinated plants. 
	On the other hand, genetic engineering may be favourable to the hybridisation process. Studies regarding alfalfa (Medicago sativa) treated by a pesticide (dimethoate) clearly demonstrated that this pesticide is found in the pollen and the nectar at a very low level but even at a low level this pesticide is toxic for the bees (Dumas 1984). This has an effect on the entomophilous pollination. Plants resistant to diseases will not be treated with pesticides, so that the efficiency of pollination for entomophilous plants could be enhanced.
	As a result of discussions in the symposium at Louverain, we propose gene flow indices after the idea of some Dutch authors ([Frietema] De Vries et al. 1992, Frietema De Vries 1996). We are giving here an adapted version in order to spur discussion on an European level. We think it is desirable to establish a European classification system as proposed by Frietema De Vries (1996), where some of our proposals have been adopted. It is not possible to arbitrate  the crops and their wild relatives on one and the same level all over Europe: Classification work has to be done on a regional scale taking into account local environmental conditions, species and transgenes. This regional scale has been proposed by Frietema De Vries (1996), following the well known subdivisions of Meusel. 
	Here we deal only with the three first codes, but we feel strongly the necessity of a fourth code for the future: We need to assess also the effect of the inserted transgene itself. For this Dg code we need experimental approaches on all levels from a strict containment over small scale field releases to the large scale releases over long periods. For the time being there remains only the possibility of a rough estimate of how transgenes will have side effects in the long run, some comments are built in provisionally in code Dp (vertical gene flow). The authors are well aware of the pragmatic view they take, which is blurring the logic of the three codes already defined. 
	These codes are presented here in order to open debate on feasibility and organisation of such codes for future risk assessment:. The codes can serve as a first routh estimate, before going into more detail for a risk assessment based on field monitoring and experimental approach, where judged necessary.
	5. Dpdf-codes, adapted to Swiss and European needs as a whole
	Dispersal of pollen and hybridization potential, including a differentiation of possible negative ecological effects of the inserted gene itself. Categories 0 (lowest risk) to 5 (highest risk) and U (unknown)
	Category Dp 0: 
	No chance for hybridization because there are no wild relatives growing in Switzerland. No ecological effects when the cultivated plants come into flower.
	Monitored field releases possible, no containment experiments and no field experiments necessary.
	Category Dp 1: 
	No chance for hybridization with wild relatives because it is experimentally proven that wild species of the same genus in Switzerland are not compatible with the cultivated plant: (artificial pollination methods and/or embryo rescue are necessary to produce hybrids).
	No ecological effects when cultivated plants come into flower. Monitored field releases possible without containment. However, experiments should be carried out, to test there are no negative effects on the host / predator system in case of transgenes introducing new resistance and/or competition effects.
	Category Dp 2: 
	No chance for hybridization with wild relatives because there is no record of spontaneously formed hybrids of the cultivated plant with wild species of the same genus in Switzerland.
	However, hybridization is possible under experimental conditions and progeny is fertile without any artificial help. Chances of gene flow by hybridization is small due to various outcrossing barriers (competition, biogeographical or ecological incompatibility), but under special local or artificial conditions in agricultural systems still to be considered as possible rare events. 
	a)  In certain species groups there is a small chance of getting new transgenic hybrids, but no invasions are to be expected.
	b)  In other species groups there is a small chance of getting new transgenic weeds which tend to be aggressive and will possibly cause invasions under unfavourable conditions.
	Category Dp 3: 
	Natural hybridization occurs only occasionally, backcrosses have not been observed up to now. Local situations have to be studied carefully in risk assessment of field experiments. Species to species, region by region and step by step approach required.
	a)  In certain species groups and under unfavourable circumstances gene flow by pollen transfer will occur, but new transgenic hybrids do not tend to be invasive. 
	b)  In other species groups and under unfavourable circumstances gene flow by pollen transfer can influence ecosystems negatively: Local invasions of new transgenic weeds will occur.
	Category Dp 4: 
	Chance for natural hybridization is medium; backcrosses have been observed, successful outcrossing occurs fairly often. Natural fertile hybrids are sometimes observed, small hybrid populations can be detected in nature. Species to species, region by region and step by step approach required.
	a)  Transgenic hybrids will have no ecological effects on the flora of the Switzerland, since the new hybrid is only capable to invade small ecological niches, and therefore does not demonstrate any disturbing invasiveness, since the inserted gene itself did not show negative ecological effects in long term monitoring experiments. Experiments should also be carried through proving that there are no negative effects on the host / predator system.
	b)  Transgenic hybrids will have ecological effects on the flora of the Switzerland, since the new  weed is capable to invade ecological niches, and therefore is potentially demonstrating invasiveness. There may also be negative effects (e.g. more competitive, more allelopathic) caused by the inserted gene itself.
	Category Dp 5: 
	Chance for natural hybridization is high; vertical gene flow occurs often, hybrids are fertile and backcross frequently. Hybrid populations are often found in nature. Species to species, region by region and step by step approach required.
	a) Transgenic weeds will have no ecological effects on the flora of Switzerland, nevertheless the new weed is capable to invade important ecological niches and it will act as a new weed (which should by all means be avoided!), but the inserted gene itself does not show negative ecological effects.
	b) Transgenic weeds will have negative ecological effects on the flora of Switzerland since it is capable of invading many ecological niches as a major new weed and/or  since the inserted gene itself may have characters demonstrating negative ecological effects.
	Category Dp U: 
	Data too scanty or lacking at all, no evaluation possible.
	Category Dd 0: 
	No chance for dispersal of diaspores to the wild: Seeds are sterile or otherwise deficient, they have lost reproductive function. No ecological effects are expected from fruiting of the cultivated plants.
	Category Dd 1: 
	Dd to the wild occurs only occasionally and under very favourable conditions, plants usually survive only for one season (advena), they are not adapted for survival in our climate. No ecological effects are to be expected regarding the Swiss ecosystem.
	Category Dd 2: 
	Chance for dispersal of diaspores to the wild is small, but under favourable and exceptional conditions possible. Further research on population dynamics seems necessary. For risk assessment the standing of the plants in the Swiss ecosystem can be of importance.
	Category Dd 3: 
	Chance for dispersal of diaspores (by spontaneous vegetative reproduction) is real; fruiting of the cultivated plant is essentially undesirable and will normally be suppressed by various methods. Further research on population dynamics is necessary. For risk assessment the standing of the plants in the Swiss ecosystem can be of importance.
	Category Dd 4: 
	Chance for dispersal of diaspores to the wild real. Fruiting of the cultivated plant occurs normally during cultivation. Ecological effects can be expected from fruiting of the cultivated plant. For risk assessment the standing of the plants in the Swiss ecosystem will be of importance.
	Category Dd 5: 
	Dispersal of diaspores to the wild will be the rule. Fruiting occurs very frequently and also extremely abundant. Ecological effects can be expected from fruiting of cultivated plant. For risk assessment the standing of the plants in the Swiss ecosystem will be of importance.
	Category Dd U: 
	Data too scanty or lacking at all, no evaluation possible.
	Category Df 0: 
	No plants of this species or of a wild relative, no feral populations found in nature; no ecological effects are expected from the introduction of the cultivated transgenic plant.
	Category Df 1: 
	Plants of this species or of wild relatives are extremely rare in the wild and have their stable place in the Swiss ecosystem in specific associations. No feral populations are found in Switzerland. Chances for hybridising with the wild or feral populations are negligible. Locations to grow transgenic plants should be appropriately chosen in order to avoid hybridisation and any ecological effect.
	Category Df 2:
	Plants of this species or of wild relatives are rare, but occur sporadically, distribution difficult to predict and essentially uncontrollable. Feral populations may exist in certain regions. Chances for hybridising with wild populations are scanty but unpredictable. Ecological effects from the introduction of the cultivated plant may be expected, but in most cases on a local scale only. Locations to grow transgenic plants should be appropriately chosen in order to avoid hybridisation and any ecological effect.
	Category Df 3: 
	Plants of this species or of wild relatives are not very common in the wild and have their stable place in Swiss ecosystem. Feral populations are known from Switzerland, but not frequent. Chances of hybridising with the wild populations exist but are small. Some ecological effect from the introduction of the cultivated plant may be expected under unfavourable conditions when cultivated plants and wild relatives are not sufficiently separated. Locations to grow transgenic plants should be carefully chosen in order to avoid hybridisation and any ecological effect.
	Category Df 4: 
	Plants of this species and their wild relatives are not frequent but well distributed over the whole Swiss plateau, chances for hybridising with wild populations are considerable, but under very favourable conditions it can still be safely prevented. Feral populations are known and distributed over an important part of Switzerland. Locations to grow transgenic plants should be carefully chosen in order to avoid hybridisation and any ecological effect. Detailed biogeographical studies are necessary to reach this goal.
	Category Df 5: 
	Plants of this species and their wild relatives are common and well distributed over the whole Swiss plateau, chances for hybridising with wild populations must be expected and cannot be prevented in field experiments. Feral populations are frequent and distributed over the whole Switzerland. In exceptional cases locations to grow transgenic plants can still be carefully chosen in order to avoid hybridisation and any ecological effect. Detailed biogeographical studies are necessary to reach this goal
	Category Df U: 
	Data too scanty or lacking at all, no evaluation possible.
	6. Vertical gene flow classification by combination of the three codes 
	The goal of this study was to develop a convenient classification of gene dispersal probability from transgenic crop to the wild flora, adapted for Switzerland. After an evaluation of the three single factors (see above, dispersal codes), the combination of these codes enables us to estimate impact on the wild flora. Five categories of risk probability have been developed:
	After an evaluation of the three single factors, their combination enables us to estimate the impact of a transgenic species on the environment. Six categories of risk probability have been developed: 
	No related species or no compatible related species of the crop are known in Switzerland. Field releases of species belonging to this category are possible without any containment or short term monitoring. 
	Certain transgenes have to be tested in medium term field experiments regarding their secondary effects on ecosystems: Sustainable resistance must be achieved. To reach this goal a long term monitoring is required.
	2. Minimal effects
	No records of spontaneous hybridization between the crop and the wild relatives are known in Switzerland. Field releases are possible after a thorough clarification of the biogeographical situation. Short term monitoring in confinements should be done prior to large scale field releases.
	Certain transgenes have to be tested in medium term field experiments regarding their secondary effects on ecosystems (pest and insect resistance genes).
	3. Low but local effects
	Gene flow occurs towards wild or feral species existing also outside agricultural environment and control. Release experiments should first be done in confinements and afterwards in small scale releases closely monitored.
	This statement is restricted to transgenes not causing enhanced competitiveness outside agricultural environment, such as herbicide tolerance. Any other transgenes should be carefully tested in confinements. 
	4. Substantial but local effects
	Gene flow is high and substantial, but still locally controllable.
	Field releases could be done within strict confinements. A case by case analysis including the potential effects of the transgene is required before any field releases are done.
	Long term monitoring of field releases under strict biological or geographical confinement conditions is necessary in order to study competitiveness of the transgenic crop. Risky transgenes have to be avoided.
	5. Substantial and wide-spread effects  
	Gene flow is high, substantial, and widespread and will not be controllable by any means.
	No field releases of species belonging to this fifth category are possible.
	Medium term monitoring under strict confinement conditions is necessary in order to find out about competitiveness of the transgenic varieties.Experiments with less risky crop varieties (e.g. with male sterility) having the same favourable effect desired.
	Unknown (one of the three indices is unknown)
	 More studies are needed before any field releases are done.
	Table 1: Risk categories for some crops important to Switzerland
	  
	Dp code
	Df code
	Dd code
	0
	1
	2
	3
	4
	5
	0
	0
	1
	Tomato
	2
	Tobacco
	3
	4
	5
	1
	0
	1
	2
	Beet
	3
	4
	5
	2
	0
	1
	2
	Endive
	3
	4
	Turnip
	5
	Lettuce
	3
	0
	1
	2
	Cabbage
	3
	Radish
	4
	5
	Rape
	4
	0
	Maize
	1
	Barley
	2
	Wheat
	Carrot
	3
	Rye
	Chicory
	4
	5
	5
	0
	1
	Potato
	2
	3
	Clovers clover
	4
	Alfalfa
	5
	Grasses
	No effect
	Minimal effect
	Low but local effect
	Substantial but local effect
	Substantial and wide-spread effect
	7. Conclusions
	Besides direct measurement of transgene flow to wild relatives we need a system which builds on decades old experience. This is why we think that the most reliable data do not stem from short term field experiments of outcrossing schemes, which are always dependent on meteorological conditions and regional characteristics. This decades old data material is obtainable in herbaria, which always contain a rich material on hybrids, collected by specialized taxonomists. Taxonomists have a very sharp eye for unusual morphology of hybrids within large populations, and usually, hybrid specimens are over-represented in well assorted big herbaria, with collectors items gathered over centuries. Morphometrics add to the precision of hybrid recognition in herbaria, allow or statistically sound data sets and give a fairly well documented picture on hybrid processes out in the field, which is at least as valuable a data set compared to lab, garden and short term field experiments. Our Dutch-Swiss method of recognizing hybrids with other means than experimental ones needs to be enhanced in the view of biogeography. It would be necessary to regionalize the Dp codes in Europe, since the biogeography of the wild relatives for many crops vary considerably.
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