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Integration of a transgene into chromosomes of the C-genomes of oilseed rape (AACC,

2n = 38) may affect their gene flow to wild relatives, particularly Brassica juncea

(AABB, 2n = 36). However, no empiric evidence exists in favor of the C-genome as

a safer candidate for transformation. In the presence of herbicide selections, the first- to

fourth-generation progenies of a B. juncea × glyphosate-tolerant oilseed rape cross

[EPSPS gene insertion in the A-genome (Roundup Ready, event RT73)] showed more

fitness than a B. juncea × glufosinate-tolerant oilseed rape cross [PAT gene insertion

in the C-genome (Liberty Link, event HCN28)]. Karyotyping and fluorescence in situ

hybridization–bacterial artificial chromosome (BAC-FISH) analyses showed that crossed

progenies from the cultivars with transgenes located on either A- or C- chromosome

were mixoploids, and their genomes converged over four generations to 2n= 36 (AABB)

and 2n = 37 (AABB + C), respectively. Chromosome pairing of pollen mother cells

was more irregular in the progenies from cultivar whose transgene located on C- than

on A-chromosome, and the latter lost their C-genome-specific markers faster. Thus,

transgene insertion into the different genomes of B. napus affects introgression under

herbicide selection. This suggests that gene flow from transgenic crops to wild relatives

could be mitigated by breeding transgenic allopolyploid crops, where the transgene is

inserted into an alien chromosome.

Keywords: Brassica napus, Brassica juncea, generation progeny, chromosome, mixoploids, transgenes, genetic

introgression

INTRODUCTION

One of the concerns about growing transgenic herbicide-tolerant (HT) oilseed rape (Brassica
napus, AACC = 38) is that HT transgenes may spread to their weedy relatives via spontaneous
hybridization and introgression. If this were to happen, the weeds with HT traits could create new
and serious weed control problems (Kling, 1996; Chèvre et al., 1997; Dale et al., 2002; Chapman
and Burke, 2006; Rizwan et al., 2019; Clark and Maselko, 2020). Oilseed rape is predominantly
self-fertile; however, it can outcross via both wind and insects, with average outcrossing rates
of ∼30% (Beckie et al., 2003). Furthermore, several weedy relatives are generally within the
geographical range where it is grown, especially B. rapa (AA = 20) in North America and Europe
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FIGURE 5 | Somatic chromosome numbers of the glyphosate-tolerant first-generation progeny of BC1 (BC1mF1R). BC1mF1R indicates the glyphosate-tolerant

first-generation progenies of the first backcross generation (BC1) obtained from wild Brassica juncea × F1R. F1R indicates glyphosate-tolerant F1 hybrids obtained

from wild B. juncea × glyphosate-tolerant transgenic oilseed rape. Progenitors in front of the × are always the maternal plants, and the progenitors after the × are

always the paternal plants. All bars: 5µm.

Herbicide Tolerance Segregation in
Progeny
It was speculated that gene introgression from B. napus to its
relatives B. rapa or B. juncea occurs more easily when the
transgene is originally carried by the A genome of the oilseed rape
than by the C genome (Metz et al., 1997; Lu et al., 2002; Liu et al.,
2010; Guan et al., 2020). The high degree of homology between
the A-genomes of B. napus and wild B. juncea suggests that an
exchange of genes located on the A-genome could occur relatively
unimpeded by recombination (Frello et al., 1995; Liu et al., 2010).
However, as the C-chromosomes have no homologous partners
during meiosis, a transgene located on the C-genome of B. napus

should be transmitted at a low frequency to the gametes, and
should be lost during meiosis with an increased number of

backcrosses, due to the irregular transmission of C-chromosomes
to gametes (Metz et al., 1997; Lu et al., 2002). In this investigation,

the glyphosate tolerance gene was located on an A-chromosome;

thus, this trait was easily transferred from the B. napus to the
wild B. juncea and stably inherited in subsequent generations of

BC1, regardless of whether the wild B. juncea parent was female
or male under glyphosate selection. However, the progenies,
from B. napus whose glufosinate tolerance gene was located
on C-chromosome, differed with respect to segregation into
HT and herbicide-sensitive plants. HT trait was transferred at
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TABLE 2 | Average percentage of ovary cells with different chromosomes in the glufosinate-tolerant first- to fourth-generation progenies of the first backcross generation.

Plant RCN Chromosome number

<36 36 37 38 39 40 41 42 43 44 >45

BC1mF1L 28–44 5.08 2.42 11.50 12.70 9.17 24.62 5.94 10.12 6.78 6.23 6.23

BC1pF1L 29–43 12.84 4.72 14.75 12.22 12.83 13.36 10.82 1.64 9.36 0 7.48

BC1mF2L 26–42 25.14 6.64 43.47 10.73 4.35 3.62 1.09 4.38 0 0 0.60

BC1pF2L 27–42 25.05 15.34 32.65 7.08 1.96 5.21 9.93 1.14 0 0 1.65

BC1mF3L 29–38 18.52 10.81 61.70 9.45 0 0 0 0 0 0 0.48

BC1pF3L 26–41 19.79 12.33 55.71 3.77 2.70 2.83 0.26 0 0 0 2.60

BC1mF4L 28–38 20.92 17.76 53.07 6.77 0 0 0 0 0 0 1.50

BC1pF4L 29–38 19.91 15.35 61.44 3.04 0 0 0 0 0 0 0.26

RCN means the range of chromosome number.

At least 30 cells from each plant of the first- to fourth-generation progeny were analyzed.

BC1mF1L to BC1mF4L and BC1pF1L to BC1pF4L are the glufosinate-tolerant first- to fourth-generation progenies of the first backcross generation (BC1) obtained from wild Brassica

juncea × F1L or F1L × wild B. juncea, respectively. F1L indicates glufosinate-tolerant F1 hybrids obtained from wild B. juncea × glufosinate-tolerant transgenic oilseed rape. Progenitors

in front of the × are always maternal plants, and progenitors after the × are always paternal plants.

lower percentages in progeny of BC1 from B. napus whose
transgene located on C- than onA-chromosome. Therefore, if the
transgenic crop is released for cultivation, it should have lower
risk of its C-genome linked transgene to flow and introgress in
wild B. juncea compared with an A-genome-linked transgene
under herbicide selection.

It should be noted that we did not address the persistence
of the herbicide resistance trait in the absence of herbicide
pressure when the transgene was located on a C-chromosome.
This situation would be relevant in the field if the tolerant variety
were no longer grown. In the future, it may be possible to
minimize potential ecological risk of transgenes persisting in wild
populations in the environment by using specific insertion sites
in the genomes, through novel molecular techniques.

Fitness-Associated Traits of Backcross
Progeny
The likelihood of transgenes spreading by introgression from
crops into the weedy populations of related species depends in
part on the fitness of the first and successive generations of
hybrids (Hauser et al., 1998a,b; Gueritaine et al., 2002; Jenczewski
et al., 2003; Liu et al., 2013a,b, 2018). Although the reproductive
fitness of the first backcross generation of B. napus and the
wild relative B. rapa was significantly lower compared with
the parental generation, the first backcross generation hybrids
had an enhanced reproductive fitness compared with the first-
generation hybrids (Ammitzbøll et al., 2005). Furthermore, the
pollen fertility and seed production of the third backcross
generation plants were as great as those of B. rapa (Snow et al.,
1999). For B. napus–R. raphanistrum hybrids, the female fertility
increased continuously over successive backcross generations
(Chèvre et al., 1997).

Gene flow of transgenic B. napus carrying herbicide tolerance
transgenes located on either A- or C- genomes might occur
in the field via the crossing of F1 hybrids with wild B. juncea
and the self-pollination of the first backcross, due to continued
increased fitness over successive generations. However, the risks

associated with gene flow from transgenic B. napus carrying
herbicide tolerance transgenes located on A-chromosomes could
be much greater than those on C-chromosomes, because their
third- and fourth-generation progenies in comparison performed
significantly better, especially with respect to seeds per silique.
The fitness differences between these two kinds of progenies may
be attributed to the different genomic constitutions. It may be
due to the additional C chromosome of B. napus which herbicide
tolerance gene located on was incorporated into the genome of B.
juncea. The results implied that the fecundity of progeny, which is
the most important fitness-associated trait, was highly dependent
on chromosome constitution.

Previous research demonstrated that the cytoplasm had a
significant effect on all measured characteristics of the backcross
hybrids between the transgenic oilseed rape and wild radish
(Gueritaine et al., 2002). The fitness of the progeny was similar
for most of the components, regardless of whether the wild B.
juncea was the maternal or paternal progenitor. This may be
attributed to the progeny of wild B. juncea × F1 (wild B. juncea
× B. napus) and F1 (wild B. juncea× B. napus)× wild B. juncea,
having the same wild B. juncea cytoplasm. Therefore, these are
two possible routes for transgene movement in wild B. juncea, as
either maternal or paternal plants. However, if F1 hybrid pollen
is not abundant enough, subsequent hybrids are likely to occur,
as pollen will be obtained from the wild B. juncea, which could
result in the movement of transgenes toward wild B. juncea as the
male. This route is more easily accomplished than the reciprocal.

Chromosome Number and Constitution in
the BC1 Progeny
Mixoploidy is a common phenomenon in distant hybridization
(Li et al., 1995, 1998; Li and Heneen, 1999; Hua et al., 2006). We
confirmed that the first- to fourth-generation progenies of BC1
from B. napus whose transgene was located on either A- or C-
chromosome were mixoploids. The F1 hybrids between B. napus
and wild B. juncea had 37 chromosomes (Tsuda et al., 2012).
The first backcross generation (BC1) between F1 hybrids and
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FIGURE 6 | FISH/BAC-FISH analyses of the chromosome constitutions of the somatic cells of wild Brassica juncea, transgenic oilseed rape, and the

fourth-generation progenies of BC1. (A1–H1) are the DAPI (blue) images for all chromosome, and (A2–H2) are merged images of the DAPI (blue), B chromosome

probe (green), and C chromosome probe (red). (A1-A2): wild B. juncea: 20A + 16B. (B1-B2): transgenic oilseed rape with glyphosate-tolerant gene: 20A+18C.

(C1-C2): transgenic oilseed rape with glufosinate-tolerant gene: 20A + 18C. (D1-D2): the cells of BC1mF4R with 36 chromosomes: 20A + 16B. (E1-E2): the cells of

BC1pF4R with 36 chromosomes: 20A + 16B. (F1-F2): the cells of BC1mF4L with 37 chromosomes: 20A + 16B + 1C. (G1-G2): the cells of BC1pF4L with 37

chromosomes: 20A + 16B + 1C. (H1-H2): the cells of BC1pF4L with 37 chromosomes: 20A + 15B + 2C. Green fluorescent signals from probe of B. nigra, red

fluorescent signals from C genome-specific BAC BoB014O06. BC1mF4R and BC1pF4R indicate the glyphosate-tolerant fourth-generation progenies of the first

backcross generation (BC1) obtained from wild Brassica juncea × F1R or F1R × wild B. juncea, respectively. B C1mF4L and BC1pF4L indicate the

glufosinate-tolerant fourth-generation progenies of the first backcross generation (BC1) obtained from wild Brassica juncea × F1L or F1L × wild B. juncea,

respectively. F1R and F1L indicate glyphosate- or glufosinate-tolerant F1 hybrids obtained from wild B. juncea × glyphosate- or glufosinate-tolerant transgenic oilseed

rape. Progenitors in front of the × are always the maternal plants, and the progenitors after the × are always the paternal plants. All bars: 5µm.
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TABLE 3 | Frequency of meiotic abnormalities in the glyphosate- or glufosinate-tolerant fourth-generation progenies of the first backcross generation.

Stage BC1mF4R BC1pF4R BC1mF4L BC1pF4L

NCO F (%) NCO F (%) NCO F (%) NCO F (%)

MetaphaseI 842 28.76 692 44.57 1,291 62.16 1,465 44.63

AnaphaseI 573 11.90 784 27.07 661 60.36 736 64.52

TelophaseI 795 1.59 887 2.35 807 11.60 647 10.51

MetaphaseII 942 36.80 1,068 47.73 763 50.95 768 46.11

AnaphaseII 759 9.24 836 15.90 925 72.63 692 42.35

TelophaseII 1,054 3.77 1,100 2.93 935 21.13 980 14.61

NOC means the number of cells observed. F means the frequency of meiotic abnormalities.

BC1mF4R and BC1pF4R indicate the glyphosate-tolerant fourth-generation progenies of the first backcross generation (BC1) obtained from wild Brassica juncea × F1R or F1R × wild

B. juncea, respectively. BC1mF4L and BC1pF4L indicate the glufosinate-tolerant fourth-generation progenies of the first backcross generation (BC1) obtained from wild Brassica juncea

× F1L or F1L × wild B. juncea, respectively.

F1R and F1L indicate glyphosate- or glufosinate-tolerant F1 hybrids obtained from wild B. juncea × glyphosate- or glufosinate-tolerant transgenic oilseed rape. Progenitors in front of

the × are always maternal plants, and progenitors after the × are always paternal plants.

wild B. juncea should have a varying chromosome number of
20 + 8 (AA+ B) +0–8 (B) + 0–9 (C) due to genetic imbalance.
The variable chromosome numbers in the somatic tissues of the
progeny plants of BC1 were attributed to the possible separation
of the parental genomes during mitotic and meiotic divisions of
some hybrid cells (Li et al., 1995, 1998; Li and Heneen, 1999;
Hua et al., 2006). The presumed abnormal mitotic separation
and elimination of the C-genome of B. napus provided an
explanation for the somatic components in the first- to fourth-
generation progenies of BC1. The abnormal meiosis of the PMC,
confirmed during meiosis of the HT fourth-generation progenies
from B. napus having the transgene on A- and C-chromosomes,
also contributed to this result. The present research verified the
complicated evolution process of hybrids of B. napus and wild
B. juncea. Large differences in the chromosome constitutions
of the hybrids between the transgenic crops and their weedy
relatives could complicate environmental risk assessments for
transgenic crops.

Although mixoploidy results in the cytological instability of
the BC1 progeny from the transgenic oilseed rape and wild B.
juncea, the progeny displayed increased fecundity and fitness
progressively, with the narrowing of the chromosome variation
across the self-pollinating generations of the BC1. Therefore, the
mixoploid progeny from cultivars with the transgene located on
either A- or C-genomes could survive under herbicide selection
pressure. Regardless of the significant chromosome disorders,
and despite the apparent lack of stabilized introgression, the
transgenes located on the A-genome and on the C-genomemight
be maintained for a very long time in populations subjected to
herbicide selection pressure.

The large proportion of cells of the progeny from B. napus
whose transgene located on A-chromosome had AABB genomic
constitution, which was the same as B. juncea. However, the
large proportion of cell of the progeny from B. napus whose
transgene located on C-chromosome had AABB+1C genomic
constitution. These results were confirmed by BAC-FISH and
SSR marker analyses. One alien C-chromosome, carrying the

glufosinate tolerance gene, was added into the fourth-generation
progeny in the presence of glufosinate selection although
this trait was inherited in a non-Mendelian fashion. Thus,
chromosome additions are also an avenue for introgression of
the C-genome into wild B. juncea. In previous research, the
glufosinate-resistant progeny of B. napus and R. raphanistrum
was presumed to carry a supernumerary chromosome from
oilseed rape that conveyed herbicide resistance, when subjected
to herbicide selection pressure (Al Mouemar and Darmency,
2004). Introgression from B. napus to B. juncea could also be
accomplished by C-chromosome additions (Frello et al., 1995).
The current research proved directly that the C-chromosome,
carrying a herbicide tolerance gene, was retained in the
progeny of the transgenic oilseed rape and wild relatives, as a
supernumerary chromosome, although we did not assess if the
C-chromosome was transmitted as a complete or incomplete
structure. The C-chromosome in HT progeny from transgenic
B. napus was labeled by B. oleracea BoB014O06 probe clearly
for the first time. The clone B. oleracea BoB014O06 hybridizes
to the C-chromosomes and allows visualization of the C-
genome B. napus. It is highly efficient in distinguishing A
and C Brassica chromosomes (Leflon et al., 2006; Cui et al.,
2012).

Besides the location of the transgene, the genotype of the
transgenic oilseed rape may influence the genome evolution
of hybrids. In the present study, the two transgenic rapeseed
lines were generated in different genotypes. Since polymorphism
of the wild B. juncea was not a factor here, the genotypic
differences should be due to the transgenic oilseed rape.
Chèvre et al. (2007) found that the numerical distributions
of the chromosomes from the first backcross generations
of different genetically modified oilseed rape lines and R.
raphanistrum were clearly different, according to the flow
cytometry estimations. Homologous pairing during meiosis in
the interspecific hybrids between B. napus and B. carinata was
affected by the hybrid genotype (Mason et al., 2011). Besides
genotypes of transgenic rapeseed lines, multiple genotypes and
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FIGURE 7 | Microscopic observations of the abnormal meiosis of pollen mother cells in BC1mF4R. Images were taken using a light microscope (ZEISS, imager. M2,

100 ×). (1-2). Metaphase I: 1. One lagging chromosome; (2). two lagging chromosomes. (3-5). Anaphase I: 3. one lagging chromosome; 4. two lagging

chromosomes; 5. one chromatid bridge. (6-7). Telophase I: 6. one micronucleus; (7). three micronuclei. (8-13). Metaphase II: (8). one lagging chromosome; (9). two

lagging chromosomes; (10). three lagging chromosomes; (11). four lagging chromosomes; (12). six lagging chromosomes; (13). eight lagging chromosomes.

(Continued)
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FIGURE 7 | (14-16). Anaphase II: (14). one lagging chromosome; (15). two lagging chromosomes; (16). one chromatid bridge. (17-18). Telophase II: (17). one

micronucleus; (18). one chromatid bridge. BC1mF4R indicates the glyphosate-tolerant fourth-generation progenies of the first backcross generation (BC1) obtained

from wild Brassica juncea × F1R. F1R indicates the glyphosate-tolerant F1 hybrids obtained from wild B. juncea × glyphosate-tolerant transgenic oilseed rape.

Progenitors in front of the × are always the maternal plants, and progenitors after the × are always the paternal plants. Red arrows indicate the abnormal meiosis of

pollen mother cells.

FIGURE 8 | Frequency of the marker specific to the C-chromosome of Brassica napus in the first- to fourth-generation progenies of BC1. BC1mF1R to BC1mF4R

and BC1pF1R to BC1pF4R are the glyphosate-tolerant first- to fourth-generation progenies of the first backcross generation (BC1) obtained from wild Brassica juncea

× F1R or F1R × wild B. juncea, respectively. BC1mF1L to BC1mF4L and BC1pF1L to BC1pF4L are the glufosinate-tolerant first- to fourth-generation progenies of

the first backcross generation (BC1) obtained from wild Brassica juncea × F1L or F1L × wild B. juncea, respectively. F1R or F1L are the glyphosate- or

glufosinate-tolerant F1 hybrids obtained from wild B. juncea × glyphosate- or glufosinate-tolerant transgenic oilseed rape. Progenitors in front of the × are always the

maternal plants, and progenitors after the × are always the paternal plants.

FIGURE 9 | Frequency of the marker specific to the C-chromosome of Brassica napus in the first (BC1mF1R)- to fourth (BC1mF4R)-generation progenies of BC1.

BC1mF1 R to BC1mF4R are the glyphosate-tolerant first- to fourth-generation progenies of the first backcross generation (BC1) obtained from wild Brassica juncea ×

F1R. F1R indicates the glyphosate-tolerant F1 hybrids obtained from wild B. juncea × glyphosate-tolerant transgenic oilseed rape. Progenitors in front of the × are

always the maternal plants, and progenitors after the × are always the paternal plants.

high genetic diversity of wild B. juncea in natural environments
may complicate the genome evolution of hybrids (Dong
et al., 2018; Sun et al., 2018). Further research should be

conducted on the effects that genotypes both from transgene
oilseeds rape and from wild B. juncea have on the evolution
of hybrids.
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FIGURE 10 | Frequency of the marker specific to the C-chromosome of Brassica napus in the first (BC1pF1R)- to fourth (BC1pF4R)-generation progenies of BC1.

BC1pF1R to BC1pF4R are the glyphosate-tolerant first- to fourth-generation progenies from the first backcross generation (BC1) of F1R × wild Brassica juncea. F1R

indicates the glyphosate-tolerant F1 hybrids obtained from wild B. juncea × glyphosate-tolerant transgenic oilseed rape. Progenitors in front of the × are always the

maternal plants, and progenitors after the × are always the paternal plants.

FIGURE 11 | Frequency of the marker specific to the C-chromosome of Brassica napus in the first (BC1mF1L)- to fourth (BC1mF4L)-generation progenies of BC1.

BC1mF1L to BC1mF4L are the glufosinate-tolerant first- to fourth-generation progenies of the first backcross generation (BC1) obtained from wild Brassica juncea ×

F1L. F1L indicates the glufosinate-tolerant F1 hybrids obtained from wild B. juncea × glufosinate-tolerant transgenic oilseed rape. Progenitors in front of the × are

always the maternal plants, and progenitors after the × are always the paternal plants.

Persistence of C-Chromosome Regions of
B. napus in Progeny
Partial chromosomal homology among the A, B, and C genomes,
and higher homology between A and C genome than A and B
genome, has been documented (Hosaka et al., 1990; Kerlan et al.,
1993; Frello et al., 1995; Hasterok et al., 2005; Town et al., 2006;
Yang et al., 2006; Ge and Li, 2007; Akaba et al., 2009; Mason et al.,
2011; Navabi et al., 2011). Therefore, allosyndesis within A–C or
A-B genome chromosomes of the backcross generation between
B. napus and wild B. junceamay occur and cause the persistence
of C-chromosome regions in these backcross generations (Tsuda
et al., 2012; Guan et al., 2020). However, when the selection stress
was absent, C-genome-specific markers were rarely found in the
BC2 and BC3 generations from the conventional B. napus and
wild B. juncea (Tsuda et al., 2012) and BC2–BC5 generations

from the B. napus with GFP and Bt Cry1Ac transgene on A-
chromosome and B. juncea (Guan et al., 2020).

In the presence of herbicide selection, for the progenies
from B. napus carrying the transgene on the A genome, all
16 markers located on C2 to C8 were transferred to the

first- and second-generation progeny of BC1, and 15 markers

transferred to the third-generation progeny. Three markers for
BC1mF4R and five markers for BC1pF4R were not detected in

the fourth-generation progeny, while the rest of the markers
remained and were detected at <31% frequency. Combined

with the 20A + 16 B of the genomic constitutions of the

36 chromosomes cells of these fourth progenies of BC1, the
persisting C-chromosome from B. napus with the transgene
located on the A genome of B. napus, were integrated into
A genome chromosomes of wild B. juncea by homologous
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FIGURE 12 | Frequency of the marker specific to the C-chromosome of Brassica napus in the first (BC1pF1L)- to fourth (BC1pF4L)-generation progenies of BC1.

BC1pF1L to BC1pF4L are the glufosinate-tolerant first- to fourth-generation progenies of the first backcross generation (BC1) obtained from F1L × wild Brassica

juncea. F1L indicates the glufosinate-tolerant F1 hybrids obtained from wild B. juncea × glufosinate-tolerant transgenic oilseed rape. Progenitors in front of the × are

always the maternal plants, and progenitors after the × are always the paternal plants.

recombination at high possibility, or B genome chromosomes at
low possibility.

For the progenies from B. napus whose transgene was located
on C8 chromosome, all 14 markers located on C2 to C7 were
transferred to the first-, second-, and third-generation progeny
of BC1. Three markers for BC1mF4L and two markers for
BC1pF4L were not detected in the fourth-generation progeny,
while the rest of the markers remained and were detected
at <38% frequency. Therefore, the persistent C-chromosome
regions located on C2-C7 chromosomes of B. napus on which
transgene did not locate may be due to the integration of C-
chromosome regions into the A genome chromosomes of wild
B. juncea at high possibility, or B genome chromosomes at
low possibility.

However, markers of 15 and 16, located on the same
chromosome with transgene, were transmitted to the first to
fourth progenies of the BC1, at more than 91% frequency.
Combined with the 20A + 16 B + 1C of the genomic
constitutions of the 37 chromosome cells of these progenies,
C-chromosome with a herbicide tolerance transgene was
added into the progeny under herbicide selection as a
supernumerary chromosome. C-chromosome additions
could occur during genetic transmission under herbicide
selection besides A-C, or A-B chromosomal recombination.
Herbicide selection may be a powerful force to drive
the introgression of C chromosomes from B. napus into
wild B. juncea.

The original insertion site of the transgene affects
introgression under herbicide selection. The assessment

of the transgene frequency and survival fitness of the
progenies indicates a lower gene flow risk for the transgenes
located on the C- rather than the A-chromosomes of B.
napus. The results confirm the complex nature of the
genetic processes occurring during self-pollination of the
backcross generations of the transgenic oilseed rape and

wild B. juncea. The findings suggest that the ecological
risks for gene flow from the transgenic crops to their wild
relatives can be mitigated through the breeding of transgenic
allopolyploid crops, in which the transgene is inserted into an
alien chromosome.

KEY MESSAGE

The C-chromosome from Brassica napus carrying a herbicide
TOLERANCE transgene introgressed into wild B. juncea as a
supernumerary, alien chromosome under herbicide selection,
inducing genetic instability in progeny thus reducing the
probability of gene flow from the transformed crop to the
wild congener.
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