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INTRODUCTION

Genetic modification of crop plants has resulted in plants resistant against pathogens or
showing improved quality. Within the coming years it is expected that more transgenic
crops will be commercialized and there is little doubt that transgenic plants will
significantly contribute to agriculture in the future (Dale & Irwin 1995). Calgene’s
Laurate oilseed rape has now full clearance from the US authorities for commer-
cialization (APHIS/USDA 1994). However, developments in the patenting of genes,
the release regulations, food labelling and consumer attitude will influence the
implementation rate.

Genetically modified or transgenic plants are defined according to Stieckema & van
Vloten-Doting (1991) as plants which genomes accommodate new pieces of DNA which
are introduced by other procedures than sexual crossing. In spite of the fact that close
similarities exist between the phenotypes of transgenic and non-transgenic crops, its
application cannot simply be equalled to traditional breeding. Genetic modification
makes possible the circumvention of the natural crossing-barriers between species
established by evolutionary processes. Unforeseen consequences (see, for example,
Maessen, 1997, this issue) may be the result and, therefore, prior to the release of these
transgenic crops, their biosafety has to be assessed (Kapteijns 1993). This includes the
assessment of aspects such as gene dispersal and introgression of these genes in their
wild relatives via, subsequently, greenhouse experiments, small-scale field experiments
followed by large-scale field trials (see, for example, Van Raamsdonk & Schouten, 1997,
this issue). In this respect the Dutch government follows a ‘case by case’ and ‘step by
step’ policy on the release of genetically modified transgenic plants into the environ-
ment. As starting point the ‘yes, provided that . .." principle is handled, which means
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that it is allowed to produce and grow genetically modified plants, provided no
additional ecological and toxicological negative side effects occur. The OECD ‘famili-
arity principle’ (OECD 1993a)—biotechnology is acceptable if no additional negative
aspects are involved compared to conventional methods—and the criterion of ‘substan-
tial equivalence’ (OECD 1993b)—transgenic food is acceptable as long as it meets
already accepted threshold values for toxic components—express the same policy in an
international context.

In this review aspects concerning the biosafety of transgenic oilseed rape (Brassica
napus L. ssp. oleifera (Metzg.) Sinsk.) will be discussed. From a biosafety point of view
oilseed rape is interesting as it is a partially allogamous crop with an average outcrossing
rate between 15% and 45% (Rakow & Woods 1987; Becker et al. 1992). Furthermore,
transgenic oilseed rape will be at the forefront in the field release of transgenic crops and
their commercialization (Dale 1993; Dale et al. 1993; OECD 1993; APHIS/USDA 199%4;
Ward 1994). In a report published by the OECD (1993c¢) it is stated that by far the
biggest part of the field trials involving transgenic crops is done with oilseed rape. Thus,
oilseed rape is suitable as model plant for biosafety studies.

BIOSAFETY OF TRANSGENIC OILSEED RAPE

In this paper a short historical perspective is given to illustrate the general appearance
of oilseed rape. Furthermore, the reproduction system and taxonomy and cytogenetics
of oilseed rape will be discussed. These determine pollen spread and hybridization
potential, respectively, which are important factors concerning biosafety of transgenic
oilseed rape. Finally, the effect of the transgene involved which is an important factor
in biosafety studies of transgenic crops in general is briefly mentioned.

History

Ancient Sanskrit writings from 2000-1500 BC are considered to be the earliest references
to oilseed rape in India (Singh 1958; cited in Appleqvist 1972). The Mediterranean area
is suggested to be the centre of origin of this species which has been cultivated for
thousands of years in Asia and the Indian subcontinent (Renard et al. 1993). It is
assumed that both oilseed rape and turnip (B. campestris, syn B. rapa) have been
cultivated as oil crops in those European countries where olive trees and poppy were
unknown (Schiemann 1932). In one of his reports Linnaeus (1745; cited in Appleqvist
1972) remarks the overgrow of barley and rye by rape, reducing the grain yields. He
wrote ‘No herb can be more easily planted than this one, which hardly can be eradicated
from the fields, and thus none could be planted to greater advantage for oil production.’

The abundant growth in grain fields may have led to domestication of rape. In the
17th and 18th centuries, methods to suppress the weed flora were not or not often
applied. Eventually, rape got the upper hand, outcompeted the major (grain) crops and
having favourable properties for humans was harvested. In addition to this, crop plants
were adapted to growing conditions of man-made habitats (De Wet & Harlan 1975).
This way, new culture forms such as oilseed rape and turnip originated. These crops are
called secondary crops (Zeven 1975, 1977), in contrast to primary crops such as rye and
barley.

Oilseed rape is domesticated fairly late. A reason for this may be the presence of a
thioglycoside which hampered the use of the seeds for human consumption, because it
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B. rapa B. napus B. okracea
(AA) 2n=20 (AACC) 2n=38 (CC)2n=18
Turnip Oilseed rape Cabbages; Kaks
Chinese cabbage Fodder rape Cauliflower
Pak choi Swede Broccoli
B. juncea B. carinata
(AABB) 2n=36 (BBCC) 2n=34
Brown mustard Ethiopian mustard
B. nigra
(BB) 2n=16

Black mustard

Fig. 1. ‘U-triangle’ representing the genomic relations among Brassica species (redrawn from U 1935).

causes goitre (Johnston & Jones 1966). It is noteworthy that in Canada, presently one
of the world’s largest oilseed rape producing countries, commercial growing of rape seed
only started in 1942 (Ohlson 1972).

The history of oilseed rape shows that it is a generally occurring species which,
providing the climatic circumstances are suitable, can spread easily and can even become
a threat to other crops as noted by Linnaeus. These are relevant characteristics in
relation to biosafety.

Taxonomy and cytogenetics

The genus Brassica belongs to the family of Cruciferae. U (1935) designed a so-called
triangle, clearly describing the genomic relationship of some Brassiceae (Fig. 1). More
recently, Random Amplified Polymorphic DNA (RAPD) analysis confirmed the
classical ‘U triangle’ relationship between diploid and allotetraploid Brassica species.
The corners of this triangle are the three diploid species: B. rapa or turnip (AA, n=10),
B. nigra or black mustard (BB, n=8) and B. oleracea or cabbage (CC, n=9). B. napus is
an allotetraploid species derived from the hybridization of B. rapa and B. oleracea with
the genome constitution AACC (2n=38). On the two other sides of the triangle B. juncea
or Indian or brown mustard (AABB, 2n=36) and B. carinata or Abyssinian mustard
(BBCC, 2n=34) are denoted. These allopolyploid species are, in contrast to the
self-incompatible diploid species, self-fertile and show preferential chromosome pairing.
They are probably arisen from natural hybridization in which 2n gametes were involved.
The cytogenetic relations between the diploid species were confirmed by nuclear DNA
content (Verma & Rees 1974), DNA analysis (Erickson et al. 1983) and by genome
specific chromosome markers (Hosaka et al. 1990). It is noteworthy that the A-genome
of B. rapa is common to the three commercial oilseed species; B. juncea, B. napus and
B. rapa.

Based on the results of studies of the chromosome pairing in the pachytene of the
meiosis of amphihaploid F;s, the basic haploid chromosome number of the diploid
Brassicas is hypothesized to originate from that of an ancestor with n=6 (Rdbbelen
1960). Based on nuclear Restriction Fragment Length Polymorphisms (RFLPs), Song
et al. (1990) proposed a new hypothesis, according to which the most ancient group
contains species with n=7. Duplication and triplication of certain chromosomes might
have led to the current basic numbers. Mutual crossability of the three diploid species
is still allowed in very low percentages (U 1935; Olsson 1960; Rébbelen 1966). Due to
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the independent evolution of these species their chromosome structure has altered so
much that they are no longer homologous, but have become homoeologous, resulting in
limited and hampered chromosome pairing.

Based on the two hypotheses about the origin of the three diploid species and the
allotetraploids and on a study with genome-specific DNA markers (Hosaka ez al. 1990),
to a certain extent homoeologous chromosome pairing due to homologous chromosome
parts might be expected. However, comparing established cultivars and resynthesized
oilseed rape Lydiate et al. (1993) showed that only in the latter B. rapa chromosomes
relatively frequently paired with B. oleracea chromosomes. Analysis with RFLP
markers revealed 15% homoeologous recombination. This demonstrates the presence of
controlled chromosome pairing in established B. napus. However, translocations which
probably result of homoeologous recombination in the allotetraploid genome of oilseed
rape suggest that domesticated B. napus is unable to control chromosome pairing
completely (Sharpe et al. 1995). Due to genetic linkage maps based on RFLP markers
which have been generated for B. oleracea (Slocum et al. 1990), B. napus (Landry et al.
1991; Lydiate et al. 1993; Parkin et al. 1995) and B. rapa (Song et al. 1991; Chyi et al.
1992) synteny studies are now in progress (Lydiate 1996).

Research comparing chloroplast-DNA of several Brassica species, for instance B.
napus, B. rapa and B. oleracea, indicates that probably a third unknown Brassica
species, through introgression, is involved in the origin of oilseed rape (Palmer et al.
1983). The chloroplast-DNA from two of the three accessions of B. napus studied
strongly differed from that of both parents, while the chloroplast-DNA of the third
accession corresponded with that of B. rapa. These results suggest that B. napus has been
arisen more than once in different ecological areas.

Hybridization of B. napus with species in other genera is also reported (McNaughton
& Ross 1978; Kerlan et al. 1992; Lelivelt 1993; Scheffler & Dale 1994). However, using
RAPD markers it was shown that Raphanus sativus and Sinapis alba were distinct
from the Brassica taxa (Demeke et al. 1992). RAPD markers are similar to RFLP
markers for estimating intraspecific genetic relationships, while estimating inter-specific
genetic relationships RAPD markers may be less reliable than RFLP markers
(Thormann et al. 1994). In a later section, the ability of B. napus to cross with different
Cruciferae species and the possible ecological impact involved, are discussed in more
detail.

Reproductive system

Flower biology. The rapeseed flower consists of four half-spreading sepals, four diag-
onally standing petals almost twice as long as the sepals, six stamens, of which two
shorter outer standing, and a superior ovary with two parietal placentas (Heywood et al.
1993). This flower structure is typical for Cruciferae. At the basis of the two shorter
stamens oilseed rape flowers contain two functional nectaries, while at the basis of both
pairs of long stamens two non-functional nectaries are located (Downey et al. 1980).
The oilseed rape flowers are brightly yellow coloured and the presence of the nectaries
make them very attractive to bees. Studies with petal-less B. rapa mutants showed that,
in this case, pollination was not reduced (Brunel et al. 1994). The floral arrangement of
the Brassiceae is a corymbiform raceme. The relative position of the buds to the open
flowers on a raceme makes it possible to distinguish between flowering plants of B. napus
and B. rapa (Clapham et al. 1958; Downey et al. 1980). In B. napus still-closed buds
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overtop the opened flowers, while in B. rapa the opened flowers overtop the, compared
to B. napus more compact, bud cluster.

Flowering begins at the lowest part of the raceme and from there upward. Both the
onset of flowering and the duration of the flowering period vary and depend on weather
conditions, particularly temperature. Flowers open very early in the morning and
opening is completed at about 9 a.m. From 3 days before to 3 days after opening of the
flowers the stigma is receptive (Mohammad 1935). Pollen from most of the oilseed rape
cultivars can be stored for up to a year at low temperature ( — 20°C) and desiccation
over silica gel without any adverse effects on seed yield and embryo development
(Brown & Dyer 1991). Dry pollen of oilseed rape measures about 20 X 40 pm
(Wodehouse 1935).

Pollination and fertilization. In contrast to both its parental species, in which a
sporophytic incompatibility mechanism in the stigma prevents self-fertilization, oilseed
rape is a predominantly self-pollinated crop with an average outcrossing rate between
15% and 45% (Rakow & Woods 1987; Becker et al. 1992). Environmental factors can
greatly influence these outcrossing rates. Furthermore, among flowers at different
positions on the plant the outcrossing rate varies from 11% at the top to 39% at the
bottom of the plant (Becker et al. 1992).

Neither insect visits nor wind are a prerequisite for successful self-pollination of
oilseed rape, although wind does stimulate this process. However, in greenhouse
experiments, plants that were standing in an air flow gave more seed set than plants that
were not (Williams 1978; Williams et al. 1986) and under large-scale commercial
production conditions under which insect pollination is of secondary importance wind
is the main pollinating agent (Downey et al. 1980; Timmons et al. 1995). Fon
self-incompatible B. rapa both insect and wind pollination are important. KTl

Because pollen is the main vector through which transgenes escape (Ellstrand &
Marshall 1985; Den Nijs 1989) in the framework of an EU-funded biosafety project field
experiments were performed to study pollen dispersal of transgenic oilseed rapeai(ldg
Greef 1990). It was found that the frequencies of transgene dispersal rapidly decrease
with the distance to the source of the transgenes. At four meters the outcrossing
frequency was already diminished to less than 1 in a 1000 (De Greef 1990);whild Paik
et al. (1995) observed less than 0-001% outcrossing at 1 m from the pollemseotiree:RPat}
et al. (1995) also detected limited gene dispersal (0-012%) which frequengy-was steongly
influenced by the immediately adjacent plants. The very limited transfercwas found to bd
characteristic for pollen transfer by bees, but as oilseed rape is also wind-pollipatdditha
strong influence of immediately surrounding plants was not expected.iSabefficmgioal.
(1993), who extensively studied pollen dispersal from transgenic oilsead-rapg;also fonpd
a sharp decline in outcrossing frequency of 0-02% at 12 m. In addition;shby:did not find
a directional effect due to wind or insect activity. However, evaluating the effectiveness
of 200- and 400 m isolation distances for small-scale trials of tiansgenic:bilseed rape; the
frequency of hybrids detected at 400 m was 10 times greater. than estimased-jnthg garlien
study (Scheffler et al. 1993) for plants 47 m from the pollen,donorsourdes Scheffien
et al. 1995). A major difference in the two studies was thei area of mpndransgenie platits.
In the second study donor and target plots were smallercand; sepaiisted. by greatde
distances. Therefore, bees may have been forced te fosageliim, moxe;thasione-plot
regardless of the greater distance. If they could collegtafull Joad-of pellem;and-nEotas
in a small area, in and around the donor plot, they svouldy n@t forage inneite:distant
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areas (Scheffler et al. 1995). Surrounding the transgenic plot with a trap or buffer crop
of the same species that can clean emigrating pollinators of transgenic pollen and
provide a sufficient source of nectar and pollen so pollinators are not inclined to forage
more distant sites was an effective strategy for reducing the escape of transgenic pollen
(Morris et al. 1994; Scheffler er al. 1995). However, neither barren zones nor trap crops
would guarantee total isolation.

Besides that of Scheffler et al. (1995), there are also other reports of long-distance
pollen flow from B. napus at distances of 360 to 2000 m (Downey et al. 1980; Downey
& Bing 1990; Timmons et al. 1995, 1996). Exposing emasculated and subsequently
self-pollinated plants to airborne pollen from an isolated field of another oilseed rape
cultivar yielded 3-7% (5/135) inter-cultivar hybrids at 360 m (Timmons ez al. 1996).
Downey & Bing (1990) found 2-1, 1-1 and 0-6% outcrossing at, respectively, 46, 137
and 366 m from the pollen source. Discrepancies between distances of pollen flow may
be due to differences in pollen donor plot size, which was 3-10 ha in the study of
Timmons et al. (1996), while in the experiments of Scheffler et al. (1995) this was only
400 m?. These results showed that care should be taken with predicting the probable
performance of genetically modified oilseed rape under (semi-)standard agricultural
conditions based on extrapolating information obtained from small-scale release
experiments.

The above-mentioned outcrossing frequencies are based on pollen dispersal within
populations. Ellstrand & Marshall (1985), however, concluded based on paternity
analysis of radish populations that sometimes up to 20% contamination from adjacent
populations and till 1000 m occurred. These data led Klinger et al. (1991) as well as
Ellstrand & Marshall (1985) to suggest that long-range transport of pollen cannot be
ruled out. Thus, although reported outcrossing frequencies are low, gene dispersal
cannot be prevented. Therefore, precautions should be practised concerning predictions
of pollen spread in general and oilseed rape pollen spread in particular as for this crop
both insects and wind are vectors which act supplementarily; especially when wind
pollination is involved, pollen spread cannot be ruled out.

Propagation and seed survival. Areas of concern that were identified to be associated
with the release of genetically modified oilseed rape are two-fold (Crawley et al. 1993).
Genetically modified oilseed rape itself may become a weed and/or invade natural
habitats or releasing genetically modified oilseed rape may enable sexual transfer of the
inserted genes to neighbouring commercial or natural populations whose offspring may
then become (more) weedy or invasive.

Significant differences were found in the distribution of weedy characteristics among
weeds, ‘normal plants’ and crops (Baker 1965; Keeler 1989). For the average crop plant,
such as oilseed rape, to become as ‘weedy’ as the average weed it would need to acquire
five weedy traits, which means the simultaneous acquisition of at least five gene
substitutions. Therefore, it can be concluded that the probability of joint occurrence of
new alleles producing significantly weedy plants from oilseed rape is extremely low
(10~ ?%; Keeler 1989), provided pleiotropic effects giving stress tolerance are absent.

.+ Oilseed rape propagates through seeds, which, when mature, disperse by pod
shattering. A silique can contain 10-30 seeds (Downey et al. 1980). After a stay for 10
yehrs in the soil 10% of the seed is still able to germinate (Cramer 1987). Crop rotation
ofoilseed rape and cereals is recommended as oilseed volunteers can then be controlled
mnote easily (Cramer 1987). Crawley et al. (1993) did not find a significant effect of depth
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of burial of rape seed on its survival, while seed survival of charlock (Sinapis arvensis
L.), a weedy relative of oilseed rape, significantly increased with deeper burial.

In an extensive ecological study Crawley et al. (1993) also found significant differences
in seed survival on burial between conventional and transgenic oilseed rape, where
transgenic lines were less invasive and less persistent compared to non-transgenic lines.
Although there was substantial variation in seed survival, neither plant growth and seed
production between sites tested, experimental treatments performed, nor introduction
of kanamycin resistance or herbicide tolerance through genetic modification seems to
increase the invasive potential of oilseed rape. Therefore, oilseed rape will extinct in ali
experimental treatments and all habitats studied. In competition-free gaps, however, a
successful recruitment of oilseed rape from seed might be possible.

There are two types of oilseed rape, a winter and a summer type. In contrast to the
latter, which does not show seed dormancy, the first type needs a period of cold before
it will germinate. Before winter the plant forms a rosette and in the spring an elongated
flower stem is formed and the plant starts flowering. Such dormancy is a characteristic
that contributes to the weedy nature of oilseed rape (Keeler 1989).

The transgenic trait will also influence the establishment of transgenic oilseed rape.
Drought tolerance or disease resistance are expected to give a fitness advantage
enhancing plant performance in natural habitats. Herbicide tolerance will only give a
selective advantage if the herbicide is widely applied. In addition, also genetic drift,
migration and mutation will influence this process (Evenhuis & Zadoks 1991; Van
Raamsdonk 1995).

Hybridization

According to Hoffman (1990), Evenhuis & Zadoks (1991) and Darmency (1994)
biosafety analyses of gene transfer have to deal with: (a) emission, dispersal and
deposition of pollen from transgenic plants, (b) stable integration of the transgene in the
host genome and introgression of the transgene into other (wild) species, (c) stabilization
and spread of the transgene in such species and (d) ecological effects of the transgene in
the new host population.

Hybridization within Cruciferae. In the family of Cruciferae for several decades
inter-specific and inter-generic crosses have been performed for different purposes. Since
U (1935) gave a clear view of the relationships between different Brassica species, many
genetic analyses within the tribe of Brassiceae and within the family of Cruciferae were
carried out for better understanding general genetic mechanisms (Yarnell 1956;
Robbelen 1960, 1966; Heyn 1977; Clauss 1978). McNaughton & Ross (1978) reviewed
the possibilities for forage crop improvement through inter-specific and inter-generic
hybridization. In this respect the development of new crops such as X Brassicoraphanus
(Oost 1984) or Raphanobrassica, resulting from sexual hybridization between R. sativus
and B. oleracea or B. rapa (Karpechenko 1928; Dolstra 1982; Prakash & Tsunoda 1983),
more specifically called Radicole (RRCC, McNaughton 1979) and Raparadish (AARR,
Toxopeus 1985; Lange ef al. 1989) should be mentioned.

Hybridization of transgenic oilseed rape and related non-oilseed Brassica, Sinapis and
Raphanus species. The success of hybridization between crops and wild relatives
depends on the relationship between species involved. Dale (1994) extensively described
factors which determine the likelihood of hybrids between crop plants and related
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species and their possible establishment in agricultural or natural habitats. In the
framework of the EU-BAP (Biotechnology Action Program (BAP) 1990) and
EU-BRIDGE (Biotechnology Research for Innovation, Development and Growth in
Europe 1992, 1993) projects, hybridization of transgenic, herbicide-tolerant oilseed rape
and several related species has been studied (Scheffler & Dale 1994). Lefol ef al. (1991)
obtained 2-3% in vitro-produced hybrids between transgenic oilseed rape and B.
adpressa. Also in the field, using male sterile oilseed rape, hybrids with B. adpressa and
Raphanus raphanistrum were detected (Chévre et al. 1992; Eber et al. 1994; Baranger
et al. 1995). Such hybrids show normal female fertility. Male fertility is reported to be
13% and 35% for the hybrids with B. adpressa and R. raphanistrum, respectively (Eber
et al. 1994). Pollen fertility varied from 1% to 30%.

Kerlan et al. (1992) described reciprocal crosses between herbicide-tolerant oilseed
rape and five related species: B. oleracea L. var. acephala, B. oleracea L. var. capitata,
B. nigra L. Koch, B. adpressa L., Raphanus raphanistrum and Sinapis arvensis L. The last
three commonly occur in oilseed rape fields in France and were locally collected. All the
inter-specific combinations tested were able to produce hybrid plants, but only when
fertilized ovaries were established in in vitro culture. When rapeseed was used as a female
parent more hybrid plants were obtained. Probably this can be explained by the higher
chromosome number in oilseed rape, which was also found to influence hybridization
capacity in other studies concerning reciprocal differences in yield of hybrid embryos
(Mohapatra & Bajaj 1987; Quazi 1988). These observations show severe limitation in
gene dispersal due to hybridization barriers. In contrast to the hybrids formed
spontaneously, the B. adpressa and R. raphanistrum hybrids obtained by embryo rescue
were mostly sterile (Eber et al. 1994). Also the other hybrids were male sterile or poorly
fertile, except for two amphidiploid B. napus x B. oleracea plants, which showed a
fertility comparable to oilseed rape. Such a reduced male fertility diminishes the
possibility for gene dispersal.

Gene introgression after sexual hybridization depends on the percentage of chromo-
some pairing. The higher this percentage is, the higher the opportunity that a (trans)gene
introgresses into the genomes of the wild relative. Therefore, Kerlan et al. (1993) studied
the meiotic behaviour of the hybrids between herbicide-tolerant oilseed rape and the five
related species earlier mentioned together with the physical presence and expression of
the Basta® tolerance, bar gene. Most of the 75 hybrids studied had a triploid structure
(ACX). Comparing the percentage chromosome pairing in the hybrids with that of
haploid oilseed rape allosyndesis between rapeseed AC genomes and the genomes of
related species occurred. The presence of multivalent association in all hybrids also
indicated the possibility for recombination. Also a good correlation between presence of
the bar gene and herbicide tolerance, providing the T-DNA was inserted as a single
locus was observed. If the T-DNA was present at three loci, two plants having the bar
gene were nevertheless found to be Basta® susceptible. This might be explained by
suppression of gene expression through a position effect (De Block et al. 1989) or
through DNA methylation followed by gene inactivation (Matzke et al. 1989; Hobbs
et al. 1990; Linn et al. 1990). Other explanations might be partial complementation
caused by an insufficient transgene expression, cosuppression (Flipse 1995) or (anti)sense
inhibition (Jorgensen 1990; Grierson et al. 1991; Mol et al. 1994; Flipse 1995).

Based on the study of the occurrence and the cytogenetical characterization of
inter-specific hybrids (Kerlan ez al. 1992, 1993), the five related Brassica species were
ranked by decreasing ecological impact: B. oleracea, R. raphanisirum, B. adpressa,
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S. arvensis and B. nigra. Their results showed that gene transfer would not occur to the
weedy relatives B. nigra and S. arvensis due to natural cross barriers, which is in
agreement to that found by Downey & Bing (1990) and Bing er al. (1991, 1995). Between
B. rapa and B. nigra gene transfer was shown to be possible, while gene transfer between
B. rapa and S. arvensis was at the most difficult (Bing et al. 1996). Hybridization of
oilseed rape and radish (R. sativus) was shown by Metz et al. (1995). However, this
will not have an ecological impact. Although herbicide tolerance could be transferred
from transgenic oilseed rape to the hybrid, hybridization was only possible under special
laboratory conditions and, in addition, the hybrid plants were almost completely sterile.

Hybridization among (transgenic) oilseed Brassicas (B. napus, B. rapa and B. juncea).
B. rapa, B. napus and B. juncea are commercially grown oilseed species. The last two
accommodate the B. rapa AA genome.

Hybridization of B. juncea and B. napus. B. juncea, cultivated in Asia, the United
States and Canada for oil and mustard production, is found as a weed or ruderal in
Denmark and Sweden (Frello et al. 1995). In Southern Europe it is naturalized
(Heywood & Akeroyd 1993).

Inter-specific hybrids of B. napus and B. juncea are easy to obtain in controlled crosses
with B. juncea as female parent while spontaneous hybridization is also observed (Bing
et al. 1991; Frello et al. 1995). On the basis of RAPD analysis, a relatively high
homology between the A-, B- and C-genome was found, making recombination between
these chromosomes feasible (Quiros et al. 1991, 1994). Such introgression from oilseed
rape into the genome of B. juncea has been reported (Frello er al. 1995), while
hybridization between B. juncea and B. rapa has also been reported (Anand et al. 1985;
Banga 1986). These hybridizations are not relevant for The Netherlands because B.
Juncea is not cultivated and very seldomly occurs in nature under Dutch circumstances.

Hybridization of B. rapa and B. napus. Turnip is an annual or biennial herb, cultivated
on a modest scale. It is very frequently found on open waysides, disturbed ground and
other unnatural habitats. (Sub)spontaneous populations are found in the wild, which
might be regarded as wild relatives of oilseed rape. Also, many records of the escape of
B. napus can be traced back concerning B. rapa.

De Vries ef al. (1992) have made so-called botanical files for 42 species of cultivated
plants grown in The Netherlands using a D4 code, consisting of three dispersal codes
with six indices each. D, gives an indication for gene dispersal by pollen, D, for gene
dispersal by seeds and diaspores and Dy for the frequency of the plants in the wild. The
numerical code is a measure for the possible ecological effects of the cultivated plant on
the wild flora of The Netherlands (Frietema De Vries 1996). Oilseed rape obtained a
D,4¢ code of 2.2.4, indicating that a medium ecological effect can be expected on the
Dutch flora (Frietema De Vries 1996). Turnip (B. rapa) obtained a D4 code of 5.5.4,
which indicates the expectation of a substantial and widespread ecological effect on the
flora of The Netherlands. Under Dutch circumstances oilseed rape and turnip flower
simultaneously from April to August (Van der Meijden 1990) and hybridization of
B. rapa and B. napus has been reported to occur occasionally (De Vries et al. 1992).

Reports on the crossability between oilseed rape and B. rapa are nevertheless
controversial (Jorgensen & Andersen 1994). In breeding programmes of oilseed rape,
crosses with B. rapa were performed (Gowers 1982). Natural crosses between these
species are thought to be either difficult and not likely to happen (Downey et al. 1980)
or common in nature, which was exemplified by spontaneous hybridization in agricul-
tural fields (Bing et al. 1991; Jorgensen & Andersen 1994). In Denmark, B. rapa is a
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common weed in cultivated areas, mostly in oilseed rape fields (Jergensen & Andersen
1994). The hybrid plants identified produced a small amount of viable seeds after open
pollination, which indicated that these hybrids might survive the next generation.

The possibility for gene transfer from B. napus to B. rapa under natural circumstances
will be less than observed under pollination conditions in field crossing blocks, because
B. rapa flowers 1-2 weeks earlier than B. napus and because inter-specific hybridization
is more successful when B. rapa is used as male parent (Downey & Rakow 1987; Bing
et al. 1991; Bing 1991). It is in contradiction, however, to the results of Palmer (1962)
who obtained, after open pollinations with an excess of pollen, on turnip 88% hybrid
plants and on oilseed rape only 11% hybrid plants.

Hybrids had quantitatively a good pollen production, but showed reduced fertility
(Beversdorf et al. 1980; Bing 1991). After staining, viability of the pollen was found to
be about 60% (McNaughton 1973; MacKay 1977). The pollen fertility of the hybrid
plants obtained from seeds harvested on B. rapa ranged from 21% to 86% in different
experimental designs (Jorgensen & Andersen 1994). If plants were placed in a 1:1
mixture of B. rapa and oilseed rape, hybrids obtained from seeds harvested on oilseed
rape plants had 41% (16-65%) pollen fertility. In contrast, Rébbelen (1966) observed in
the cross B. rapa X B. napus complete sterility, which was suggested to be the result of
aberrant embryo development.

Scheffler & Dale (1994) have reviewed the opportunities for hybridization between
oilseed rape and related species. They also reported successful selfings and backcrosses
of hybrids between turnip and oilseed rape. According to U (1935), McNaughton (1973)
and Beversdorf er al. (1980) most such hybrids possessed 29 chromosomes. In the
metaphase of the meiose 10 bivalents (the A genomes) and nine univalents (the C
genome) were observed (U 1935; MacKay 1973; McNaughton 1973; Rousselle & Eber
1983). Apparently, the turnip chromosomes paired completely resulting in vital gametes.

Introgression is reported from B. rapa into B. napus (MacKay 1977; Goring et al.
1992). MacKay (1977) introgressed S-alleles from turnip and Goring et al. (1992)
described the introgression of an S-locus glycoprotein cDNA. Because only oilseed rape
was available with the desired cytoplasms, introgression of cold tolerance and black-rot
resistance from B. napus into B. rapa (Pak choi) and B. rapa (Chinese cabbage) was
accomplished (Guo et al. 1990; Heath er al. 1994).

We backcrossed hybrids of B. rapa and transgenic herbicide-tolerant oilseed rape to
B. rapa (Metz 1995), while Mikkelsen et al. (1996) performed the reciprocal backcross.
In the BC, and BC, generations herbicide tolerance was detected, which indicates that
introgression of a transgene into B. rapa seems possible (Mikkelsen et al. 1996; Metz
et al. 1997). These results show that if the natural conditions are as optimal as in the
study of Mikkelsen et al. where inter-specific hybrids were grown in small plots together
with B. rapa or as our experiment conditions where pollen is put in excess on the stigma
of the receptor plant, a transgene can be transferred to B. rapa. This might confer a
fitness advantage to B. rapa under selective conditions. However, it is difficult to
conceive of a situation in which genetic modification for herbicide tolerance will
influence the fitness of a plant in the absence of the herbicide (Gliddon 1994).

Introgression and gene transfer to B. rapa might be limited by introduction of a
transgene into the C-genome of B. napus. It is expected that the transgene will probably
be present in a lower than expected percentage of the plants after 2-3 generations of
backcrossing with the wild relative B. rapa. However, in general, the occurrence
of fertile, transgenic B. rapa-like plants after hybridization and two generations of
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backcrossing suggests possible gene dispersal from oilseed rape to its weedy relative
B. rapa.

Impact of transgene features on biosafety of transgenic oilseed rape

It can be concluded that complete containment of transgenic oilseed rape is not possible.
In the case of hybrids of B. rapa and oilseed rape, studies on the stability of transgene
expression over generations and in different genetic backgrounds are relevant. Such
studies can show the possible impact of transgene action and stability in these hybrids.

In general, there will be a shift from the question of possible transgene escape to the
question of the ecological and toxicological impact of the introduced genes (Timmons
et al. 1996). By order of the Dutch Ministries of Economic Affairs and Housing, Spatial
Planning and the Environment a series of literature reports was written about the
so-called transgene-centred evaluation of genetically engineered plants in addition to
that of kanamycin (Nap et al. 1992). The ecological and toxicological biosafety aspects
of the phosphinothricin tolerance gene (Nap & Metz 1996) and the glyphosate tolerance
gene (Nap et al. 1996) have been evaluated until now and more transgene-centred
evaluations are in progress. Such a transgene-centred approach may prove the more
useful in the near future (Metz & Nap, 1997, this issue).

CONCLUDING REMARKS

It is expected that transgenic oilseed rape will be at the forefront of commercializ-
ation of transgenic crops. Therefore, oilseed rape is a good model crop for biosafety
studies. The taxonomy and cytogenetics of the family of Cruciferae give rise to ample
possibilities for inter-specific and inter-generic hybridization, either with or without
embryo-rescue techniques. Pollen is thought to be the main factor through which
transgenes may spread. Vectors for pollination of oilseed rape are both insects and
wind.

Monitoring pollen movements from (semi) commercial oilseed rape fields showed that
extrapolating information obtained from small-scale release experiments must be done
carefully. Although reported outcrossing frequencies were low, pollen spread and gene
dispersal from transgenic oilseed rape to its (wild) relatives cannot be prevented.

Studies on reciprocal crosses between transgenic oilseed rape and a number of
related species showed that all inter-specific and inter-generic combinations tested are
able to produce hybrid plants, but in most cases only after elaborate in vitro culture.
However, for some related species spontaneous hybridization has been reported
under field conditions. Spontaneous hybridization among the oilseed Brassicas
(B. rapa, B. juncea and B. napus) has been determined in agricultural fields. The
occurrence of fertile, transgenic B. rapa-like plants after hybridization and two
generations of backcrossing suggests gene dispersal from oilseed rape to its weedy
relative B. rapa and introgression of oilseed rape genes in B. rapa is possible. Such
gene dispersal and introgression might be limited by inserting the transgene in the
C-genome. Studies on the stability of transgene expression over generations and in
different genetic backgrounds can show the real impact in time of transgene action
in hybrids of B. rapa and oilseed rape.

Because complete containment of transgenic oilseed rape is not possible, attention
should now focus on the ecological and toxicological impact of the introduced genes.
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Such transgene-centred ecological and toxicological evaluation, irrespective of the
genetically engineered plant species, may prove useful in the near future.
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