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Abstract — The objective of the present work was to determine the inheritance and stability of transgenes
of a transgenic bean line expressing the genes rep-trap-ren from Bean golden mosaic virus and the bar
gene. Crosses were done between the transgenic line and four commercial bean cultivars, followed by four
backcrosses to the commercial cultivars. Progenies from each cross were evaluated for the presence of the
transgenes by brushing the leaves with glufosinate ammonium and by polymerase chain reaction using specific
oligonucleotides. Advanced generations were rub-inoculated with an isolate of Bean common mosaic necrosis
virus (BCMNYV). The transgenes were inherited consistently in a Mendelian pattern in the four crosses studied.
The analyzed lines recovered close to 80% of the characteristics of the recurrent parent, as determined by the
random amplified DNA markers used, besides maintaining important traits such as resistance to BCMNV. The
presence of the transgene did not cause any detectable undesirable effect in the evaluated progenies.

Index terms: Phaseolus, BCMNYV, genetic engineering, genetic variability, transgene genotypic stability.

Heranga de transgenes e similaridade genética de linhagens quase isogénicas

de feijoeiro-comum geneticamente modificado

Resumo — O objetivo do presente trabalho foi determinar a heranga e a estabilidade de transgenes de uma
linhagem de feijoeiro-comum com expressdo dos genes rep-trap-ren, do Bean golden mosaic virus, ¢ do gene
bar. Foram realizados cruzamentos entre a linhagem transgénica e quatro cultivares comerciais de feijao,
seguidos de quatro retrocruzamentos. As progénies de cada cruzamento foram avaliadas quanto a presenga dos
transgenes, com aplicagdo do glifosinato de amdnia nas folhas e por meio da reagdo da polimerase em cadeia
com uso de oligonucleotideos especificos. O virus do mosaico comum necrético do feijoeiro, Bean common
mosaic necrosis virus (BCMNYV), foi inoculado mecanicamente nas geragdes avancadas. Os transgenes foram
herdados em padrdo mendeliano nos quatro cruzamentos estudados. As linhagens analisadas apresentaram cerca
de 80% das caracteristicas do parental recorrente, conforme determinado por analises com uso de marcadores
de DNA, além de manter caracteres importantes, tais como resisténcia ao BCMNV. A presenga do transgene
ndo causou efeitos indesejaveis que pudessem ser detectados nas progénies avaliadas.

Termos para indexacdo: Phaseolus, BCMNYV, engenharia genética, variabilidade genética, estabilidade
genotipica do transgene.

Introduction

Bean golden mosaic virus (BGMV) is the causal
agent of one of the most important common bean viral
diseases, responsible for yield losses of up to 100%
in many bean growing areas of Brazil. Presently, the
main management measure is the chemical control
of the vector, the whitefly Bemisia tabaci Genn.
The golden mosaic disease is a challenge for plant
breeders, because no natural immunity or high level
of disease resistance has been identified in genotypes
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of Phaseolus (Bianchini, 1999; Aragio et al., 2001;
Morales & Anderson, 2001). Partial resistance to
Bean golden mosaic virus (BGMV) was obtained by
genetically engineering of the common bean cultivar
Olathe Pinto, using a construct to express the viral
gene rep, a replication protein, with a single amino
acid substitution (D262R), besides the genes trap and
ren (Faria et al., 2006). The cassette also contained the
gene bar as a marker gene which confers resistance to
the herbicide glufosinate ammonium (GA). A BGMV
and herbicide tolerant line (namely Olathe M 1/4)



Transgene inheritances and genetic similarities in genetically modified beans

was obtained and shown to have stable inheritance
and expression of the transgene, evaluated up to the
Rg generation. Two copies of the transgene were
detected in the Olathe M 1/4 line based on Southern
blot analysis (Faria et al., 2006).

Mendelian inheritance patterns are typically observed
in transgenic plants, independently of the method used
for transformation (Soares et al., 2005; Anuradha et al.,
2006; Faria et al., 2006; Yao et al., 2006; Sriskandarajah
et al., 2007; Terakami et al., 2007). Atypical non-
Mendelian segregations of transgenes have also been
reported in 10 to 50% of independent transgenic lines
(Aragao et al., 1996; Yin et al., 2004; Romano et al.,
2005). Stable inheritance pattern of a transgene depends
on at least three factors: the nature of the recipient
genome, the transgene, and their interaction (Yin et al.,
2004; Romano et al., 2005). Transgene elimination
and silencing can also explain some of the distortions
observed in segregation of progenies, and are seen as
defense mechanisms in some species (Romano et al.,
2005; Zhang et al., 2006). There are reports on the
progeny of certain lines that inherited only one or
none of the copies of the transgene. In many cases, the
transgenes were inserted in different loci, resulting in
the integration of multiple copies in the plant genome
(Aragdo et al., 1996; Rooke et al., 2003; Huang & Wei,
2005; Chaudhury et al., 2007). An insertional mutation
of an essential gene required for ovule fertilization and
development was indicated for aberrant inheritance of
gus, neo, AC123 and BC1 transgenes in common beans
(Aragdo et al., 1996).

Knowledge of the patterns of inheritance and
genotypic stability of the transgenes in different genetic
backgrounds is important to appropriately use the
genetically modified organisms in agriculture. Several
studies were carried out to analyze the inheritance of
transgenes in primary transformants, and evaluated
only the R, and R, generations (Butterfield et al.,
2002; Rooke et al., 2003; Sriskandarajah et al., 2007,
Terakami et al., 2007). Nevertheless, to safely verify
if the inheritance of a transgene has a stable pattern,
it is necessary to evaluate its segregation in different
backgrounds for at least three generations. Schmidt
et al. (2004) reported that transferring transgenes to
distinct genetic backgrounds could lead to different
gene expression levels. Analysis of the progenies
of backcrosses can also be useful tools to verify if
the traits of the recurrent parent could be normally
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recovered by the progenies and if the genes inserted
could be accountable for any undesirable effect on the
plant genome.

The objectives of the present work were to determine
the inheritance and stability of the transgenes inserted
in the Olathe M 1/4 after crossing with commercial
cultivars, the genetic similarities between near isogenic
lines (NILs) and their respective parents, and to evaluate
if the gene for resistance to the Bean common mosaic
necrosis virus (BCMNV), present in the recurrent
parents, was maintained in the NILs without specific
selection.

Materials and Methods

The genetically transformed line Olathe M1/4, used
as donor parent of the transgene, contains two copies
of the transgene in a single locus, and was obtained
by particle bombardment from a linearized plasmid,
after removing the ampicillin-resistance gene (Faria
et al., 2006). The commercial cultivars Pérola, Timbo,
Valente, and Diamante Negro, all belonging to the
Meso-American gene pool, were chosen as parents to
make crosses with Olathe M 1/4. They belong to the
seed classes Carioca, Rosinha and Black (last two),
respectively. To obtain near isogenic lines (NILs),
initial crosses were made between the line Olathe
M1/4 and the above named cultivars, followed by four
backcrosses to the recurrent respective parent line. The
commercial recurrent parent was always used as the
female to facilitate the assurance that the actual crosses
were successful.

All F, plants from the first cross were PCR-positive
for the transgenes and had resistance to glufosinate
ammonium what allowed them to be used as pollen
donors to generate the first backcross (BC,F;). BC/F,
plants were also verified for the presence of the
transgenes by PCR analysis, and for their resistance to
glufosinate ammonium (GA). After this, these plants
were used as pollen donors to obtain BC,F;, and so
forth until the BC,F,.

Resistance to glufosinate ammonium was verified
through brushing the herbicide (Finale, 200 gL!) at
0.03% active ingredient on the primary leaves and
observing eventual symptoms of injury two days later.
In order to demonstrate that both bar and rep-trap-ren
cassettes were linked, plants were also analyzed for
the presence of the rep-trap-ren by PCR, according to
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Faria et al. (2006). The segregation of the transgenes in
each progeny was compared to the expected Mendelian
inheritance ratio by using a chi-square test.

The F, plants from BC, were selected for the
presence of the transgene, allowed to self, and then
advanced until the F4 generation by the single seed
descent method. Seeds of an individual homozygous F
plant were increased before they could be taken to the
experimental field in 2005 and 2006, for observations
in relation to the recurrent parents, such as growth
cycle, growth habit, and Bean golden mosaic virus
incidence. Field experiments were carried out at
Embrapa Arroz e Feijao (Santo Antonio de Goias, GO,
Brazil, at. 16°28'00"S, 49°17'00"W, alt. 823 m), with
permission from the Comissdo Técnica Nacional de
Biosseguranca (CTNBio). In 2005, the transgenic lines
(35, 31, 44 and 35 lines derived from cultivars Pérola,
Timbo, Diamante Negro, and Valente, respectively),
were sown in single 5-meter rows, interpolated at
each five rows with the respective recurrent cultivar.
Samples of foliar tissues were collected from one plant
of each row and stored at -20°C until processing. The
most productive line from each cross was selected from
this experiment, in order to evaluate the resistance to
golden mosaic under field conditions, in 2006.

For Southern analysis, genomic DNA was isolated
by using the DNeasy Plant Mini Kit (Qiagen, Valencia,
CA, USA) and digested with X%ol. Southern blotting
was carried out as previously described (Faria et al.,
2006).

Genetic similarity analysis of the near isogenic
lines was evaluated using RAPD (random amplified
polymorphic DNA analysis) markers. Samples from
Fs generation, previously analyzed for the presence
of the transgenes, were used to carry out the RAPD
analysis. An initial screening with 57 primers was
done, and the most polymorphic ones were selected for
each of the crosses with the line Olathe M1/4: 'Pérola’
(OPA6, OPAD19, OPD3, OPF7, OPL6, OPL9, OPL19,
OPM10, OPM12, OPM15 and OPMI19), 'Valente'
(OPA6, OPBS, OPFS8, OPF15, OPJ5, OPJ16, OPL3,
OPL6, OPL9, OPM19, OPP16 and OPW13), 'Timb¢'
(OPA6, OPADI2, OPF8, OPF12, OPF15, OPF16,
OPJ16, OPL3, OPL6 and OPMI12), and 'Diamante
Negro' (OPA6, OPADI19, OPE6, OPE10, OPFI16,
OPJ5, OPJ16, OPL3, OPL19 and OPS13), giving a
total number of 25 unique primers. Thirty-three NILs
from each cross were evaluated besides the parent
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lines (line Olathe M 1/4, the respective commercial
non transgenic recurrent cultivar, and the non transgenic
cultivar Olathe Pinto). The amplification reactions for
the RAPD analysis were performed in volumes of
13 uL, containing 1.3 pL of the supplied polymerase
buffer (10 mmol L' Tris—HCI, pH 8.4, 50 mmol L'
KCl), 3 mmol L' MgCl,, 200 umol L' of each dNTP,
500 pg mL! purified BSA, 2.3 umol L! of each primer,
1 U Taqg DNA Polymerase (Phoneutria, Belo Horizonte,
Brazil) and 3.0 ng of genomic DNA. A thermocycler
Perkin Elmer model 9600 (Waltham, MA, USA)
was used for all amplifications and programmed to
complete 40 cycles (1 min at 94°C, 2 min at 35°C, and
2 min at 72°C), followed by a final extension of 5 min
at 72°C. Amplified DNA fragments were analyzed
by electrophoresis on 1.5% agarose gel, stained with
ethidium bromide, and photographed under ultraviolet
light in gel documentation system.

Results were analyzed on the basis of presence or
absence of amplified PCR products (DNA bands),
which characterized a polymorphic marker in each
line in a binary matrix. The genetic similarity between
parents and NILs was estimated through a similarity
matrix, calculated using the Jaccard coefficient, which
is recommended for binary data of close individuals.
The matrix generated with these estimates was used
for grouping analysis to construct a dendrogram
through UPGMA (unweighted pair group method
using arithmetic averages) and SAHN (sequential,
aglomerative, hierarchic and non overlapping
clustering) methods. The cofenetic coefficients, which
quantify the consistency of obtained clusters, were
performed comparing the distance similarity matrix
and the cofenetic similarity matrix. All statistical
analyses were carried out using NTSYS version 2.02
(Rohlf, 1993).

The commercial cultivars used in the crosses with
transgenic line Olathe M 1/4 have the dominant
allele of the gene /, and express a systemic necrotic
reaction in response to inoculation with the Bean
vommon mosaic necrosis virus (BCMNYV) strain
NL3. The necrotic reaction to BCMNV is useful to
identify genotypes with immunity to Bean common
mosaic virus (BCMV) (Faria et al., 2000; Sartorato
& Faria, 2004). To evaluate if this specific trait was
maintained in the NILs, the presence of the dominant
allele of the gene / was analyzed by inoculating the
plants with BCMNYV using the methodology described
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by Sartorato & Faria (2004). The virus inoculum was
maintained in infected seeds of the cultivar Rico 23,
which were used as initial source of BCMNYV since the
virus is seed transmitted. Seedlings which were started
fifteen days before sowing the NILs, displaying typical
BCMNYV symptoms were used as inocula. Thirty NILs
were evaluated for each cross. Fifteen seeds from each
NIL were treated with Carboxin (66.7 g L!) + Thiram
(66.7 g L") at a proportion of 600 mL 100 kg™' of seeds,
and were immediately sown in soil having fertilizer and
covered with vermiculite. The parent lines were used
as controls. One gram of young symptomatic leaves
of Rico 23 was ground in 5 mL buffer (0.01 mol L'
sodium and potassium phosphate buffer, pH 7.5), and
Carborundum 600 was used as abrasive. One of the
primary leaves from the NILs plants was inoculated
by gently rubbing with a gauze soaked in the crude
extract. The other primary leaf was brushed with the
herbicide GA (0.03% a.i.) to evaluate the presence of
the bar gene.

Reaction of plants to the herbicide was evaluated
two days later, while necrotic reaction to BCMNV
was recorded three to four days after inoculation, by
counting the numbers of plants which showed systemic
necrotic reaction indicating the presence of the gene /.
Fifteen days after inoculation, the presence of mosaic
symptoms was evaluated for susceptible plants.

Results and Discussion

Polymerase chain reaction analysis and GA tolerance
bioassays of all F, plants obtained indicated that the
crosses between Olathe M 1/4 and the commercial
cultivars were successful. For the F, generation of
the backcrosses, deviations from the expected ratio
values (1:1) for the presence:absence of transgenes
were observed in few cases, probably indicating
self-pollination rather than crossing. However, these
results did not affect the next backcross step, because

non transgenic plants were discarded from the program.
Representative results of transgene segregation are
shown in Table 1. All chi-square values indicated that
the expected Mendelian 3:1 ratio (transgenic to non
transgenic plants), for a single dominant locus, was
observed at the BC,F, and BC,F, generations, for the
four crosses.

The varied seed color genotypes used as female
parents had no negative effect on the recovery of
transgenic NILs transmitting the two transgenic
traits. As discussed by Butterfield et al. (2002), using
transgenic lines as parents in breeding programs
would avoid the requirement for several years of field
evaluation (if new events would have to be created), to
ensure that the introduced gene is stably expressed and
that no undesirable phenotypic effects were induced
by the transgene. Heeres et al. (1997) also reported
the transferring of transgenes from transgenic potato
clones in a breeding program, and they concluded
that the transgenic hybrid plants behaved just like
non transgenic plants, except for the introduced trait.
These authors also indicated that these results are
important, since as long as transgenic plants have the
same behavior of non transgenic plants, they could be
considered safe to the environment.

According to Travella et al. (2005) and Li
et al. (2007), genetic transformation via particle
bombardment presents some disadvantages, such as
unstable inheritance and expression of the transgene,
besides the possible integration of a high number
of copies of the transgene in the plant genome. The
present work differed from those in many aspects,
because although our transgenic line was obtained via
particle bombardment, only two copies of the transgene
were integrated (as a single locus) in the plant genome,
and the transgene inheritance followed the Mendelian
pattern, with apparently stable expression, in all the
crosses with commercial cultivars.

Table 1. Genetic analysis of segregation for the genes rep-trap-ren and bar, in F, population after the second backcross
(BC,F,) and after the fourth backcross (BC,F,) to the commercial parent.

Commercial Parent All plants Resistant) Susceptiblea’ 2 p(3)

BC,F, BC4F, BC,F, BC,F, BC,F, BC/F, BC,F, BC,F, BC,F, BC4F,
Pérola 47 57 39 47 8 10 1.596 1.690 0.21 0.19
Diamante Negro 48 60 37 44 11 16 0.111 0.089 0.74 0.77
Valente 45 60 34 43 11 17 0.007 0.356 0.93 0.55
Timbo 42 45 32 33 10 12 0.032 0.067 0.86 0.80

(OGlufosinate ammonium-resistant and PCR-positive to the transgene rep plants. ®Glufosinate ammonium-susceptible and PCR-negative to the transgene
rep plants. ®Probability that observed rations reflect the expected segregation ratio of 3:1. ¥, qui-square.
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The transgenes were detected by the tolerance
reaction to GA (given by the lack of toxic symptoms or
a slight tissue damage from which the plant completely
recovered). All plants with the transgene rep-trap-ren
detected by PCR were also tolerant to GA, indicating
the presence and expression of the bar gene (Table 1).
Similar results were reported by Okada et al. (2002),
who evaluated the offspring from crosses between
transgenic (R, lines) and non transgenic sweet potato.
Kiihl & Arias (2008) worked with a soybean line
expressing the gene ahas, and also concluded that the
resistance to imazapyr was inherited and adequately
expressed in the ten genotypes recipients of the
transgene.

In the present work, all of the selections were based
on herbicide-tolerance (besides PCR of the rep-trap-ren
genes), during the backcross steps to transfer the
cassettes bar and rep—trap—ren from Olathe M 1/4
to other cultivars. Disease incidence in both years
was low to moderate, and, therefore, did not allow
of differences between transgenic and conventional
lines. The herbicide-resistance level from the original
transgenic line seems to have been kept in all of the
isolines, independently of the cross made.

Southern blot analysis showed the presence of two
copies of the transgene in the analyzed BC,F plants, as
it was previous observed in the first eight generations
of the original transformed plant (Faria et al., 2006).
The two copies of the gene rep integrated in the
plant genome, in association with the segregation in
the offspring obeying the 3:1 ratio (transgenic:non
transgenic) for a single gene, strongly indicate that
the two copies are in a single locus. The same pattern
was confirmed in all of the crosses between Olathe
M 1/4 and the four commercial cultivars, suggesting
that there was no recombination in the sequence of the
transgene rep-trap-ren (Figure 1). Similar results were
obtained by Chaudhury et al. (2007), who registered
the integration of two copies of the transgene in the
genome of cowpea, where the transgene segregated in a
3:1 Mendelian pattern. In addition, Okada et al. (2002)
did not observe altered pattern of segregation, when
they had multiple copies of the transgene introduced
into the genome of sweet potato, also suggesting that
the copies were inserted in a single locus.

A total of 300 RAPD loci, varying from 200 to 3.000
bp in length, were amplified by the 25 primers used in
the analysis of the progenies resulting from the four
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crosses. From these RAPD loci 91 were polymorphic
(30.3%), indicating reasonable similarity between the
NILs and their respective parent. The total number
of polymorphic bands varied from three to 15 in all
evaluated crosses.

In the cross Olathe M 1/4 x Pérola, 90 loci
were amplified using 11 primers, with band length
varying from 200 to 1.800 bp and showing 31.5% of
polymorphisms for NILs. The numbers of amplified
bands varied from seven (OPL9) to 15 (OPM19).
Figure 2 shows that the progenies had the same
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Figure 1. Southern analysis to detect the cassette rep-
trap-ren in the BC,Fs generation plants. The genetically
transformed line Olathe M 1/4 was crossed with the
commercial cultivars Timbo, Diamante Negro, Pérola and
Valente. nt, nontransgenic plants; t, transgenic plants.
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Figure 2. Typical agarose gel obtained to identify
polymorphic RAPD markers, in the progeny of the cross
between 'Olathe M 1/4' and 'Pérola’, using the primer OPL6.
Lane 1: 1kb molecular weight marker; Lane 2: transgenic
line Olathe M 1/4; Lane 3: nontransgenic cultivar Olathe
Pinto; Lane 4: nontransgenic cultivar Pérola; Lanes 5-19:
progenies. Lane 20: 100 bp molecular weight marker.
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amplification pattern as the recurrent parent ('Pérola'),
characterized by the presence of the same polymorphic
specific bands in all individuals of the progeny, while
those specific bands of the donor parent (‘Olathe

Pérola

A 4
"

46
53
47
49
50
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M1/4") were lacking in the progenies. Three distinct
groups were observed in the similarity dendrogram
(Figure 3 A). The first one clusters were 'Pérola' and
line 45; the second clusters were all other isolines;
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Figure 3. Dendrogram for the near isogenic lines from the four crosses between 'Olathe M 1/4' and the commercial bean
cultivars. A, Cultivar Pérola (n=36), cofenetic correlation coefficient = 0.98; B, 'Valente' (n=36), cofenetic correlation
coefficient = 0.99; C, 'Timbd' (n=34), cofenetic correlation coefficient = 0.93; D, 'Diamante Negro' (n=35), cofenetic

correlation coefficient = 0.97.
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and, the third clusters were 'Olathe M1/4' and 'Olathe
Pinto'.

For the NILs from the cross 'Olathe M1/4' x
'Valente', 86 loci were amplified using 12 primers.
Band length varied from 300 to 1.500 bp and had
29% of polymorphism. Number of amplified bands
varied from five (OPW13) to 13 (OPJ16). Three major
groups were observed in the dendrogram (Figure 3 B).
The first group clustered most NILs with the recurrent
parent ('Valente'), showing over 80% of similarity; the
second group placed the NIL 95 apart; and the third
group consisted of 'Olathe M 1/4' and 'Olathe pinto'.

In the cross 'Olathe M 1/4' x 'Timbo', 69 RAPD
loci were amplified. From these amplified bands, only
29.3% were polymorphic. The number of amplified
bands varied from four (OPA6)to 11 (OPF12 ¢ OPL6),
and their length varied from 400 to 3.000 bp. Three
groups were formed in the similarity dendrogram
(Figure 3 C), joining the recurrent parent and most of
the isolines to one branch with over 72% of similarity;
'Olathe Pinto' and the line 'Olathe M 1/4' formed one
cluster, while NIL 169 stood alone, but closer to
'Olathe Pinto'.

For the NILs from the cross 'Diamante Negro' x
'Olathe M 1/4', 55 RAPD loci were amplified using
ten primers, with a length varying from 400 to 2.500
bp. From these markers 36.3% were polymorphic.
The number of amplified bands varied from three
(OPJ5) to 11 (OPL19). Two groups were formed in
the similarity dendrogram (Figure 3 D): the first one
contained the cultivar Olathe Pinto and line Olathe
M 1/4, and the second one had the recurrent parent

P.V. Pinheiro et al.

('‘Diamante Negro') and the derived NILs, showing
over 80% of similarity.

Similarity analysis between progenies and the
respective recurrent parents showed that most
characteristics were successfully recovered after four
backcrosses. However, the level of similarity observed
between progenies and recurrent parents was below
the expected rate of 96.9% after four backcrosses. This
occurred probably because backcrosses were carried out
using F, plants as donors of pollen without genotypic
(except for the transgenes) or phenotypic selection for
the recurrent parents traits. Besides, using RAPDs may
have a problem that the diversity is measured in the
absence of information on what regions of the genome
they represent and map. If the RAPDs cluster, as may
well be the case, then they would be overrepresenting
the actual variability, compared to markers which would
be distributed throughout the genome. Additionally, no
undesirable effect was observed due to the presence
of the transgenes on the evaluated NILs, such as the
nitrogen fixation capability. Again, in the present work,
the traits reported were the resistance to BCMNV and
to GA, but besides recovering more than 80% of the
genetic background of recurrent parents, all of them
had the commercial traits such as seed color, plant
height, cycle, leaf size and shape. As Heeres et al.
(2002) pointed out for transgenic potato, transgenic
plants should be as similar as possible to their parents,
differing from them mainly or perhaps only in the trait
encoded by the introduced gene. This was the case in
the current work.

The cultivars Pérola, Timbo, Valente and Diamante
Negro showed hypersensitive reaction to BCMNV

Table 2. Number of near isogenic lines, obtained from the crosses between commercial cultivars and the transgenic line
Olathe M 1/4, showing systemic necrosis reaction symptoms induced by Bean common mosaic necrosis virus (BCMNV) and

slight damage by glufosinate ammonium.

Evaluated lines and cultivars

Systemic necrosis reaction

Mosaic syptoms Herbicide sensivity

symptoms (n° of plants) (n° of plants)®

Pérola 27/27 0 27%
Lines ('Pérola' x 'Olathe M 1/4") 430/430 0 20%*
Valente 28/28 0 28*
Lines ('Valente' x 'Olathe M 1/4") 402/402 0 12%*
Timbo 15/15 0 12*
Lines ('Timb¢' x 'Olathe M 1/4") 367/367 0 42%*
Diamante Negro 30/30 0 30%
Lines ('Diamante Negro' x 'Olathe M 1/4") 367/367 0 4%
Olathe Pinto 0/12 12 12*
Olathe M 1/4 0/8 8 0

(ONumber of plants with systemic necrotic reaction symptoms/total number of evaluated plants. ®Degree of susceptibility: *susceptible plants to the

herbicide; **plants with slight damage caused by the herbicide.
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strain NL3, which resulted in systemic necrosis
reaction (Table 2). This hypersensitive reaction is taken
as an indication for the presence of the dominant
allele /. The gene / was present in all plants from all
isolines analyzed, indicating the efficient recovery
of this single dominant gene from the recurrent
parent utilized. All of the evaluated NILs showed the
same level of resistance to BCMNV as the recurrent
parents displaying the systemic necrosis reaction. The
susceptible control lines (Olathe Pinto and Olathe M
1/4) gave typical mosaic symptoms of BCMNV.

All non transgenic plants were sensitive to the
applied herbicide. Some transgenic NILs had plants
with slight damage caused by the herbicide, such as
NILs 50, 55 and 58 (from 'Pérola’) and 14 and 18 (from
'Diamante Negro') (Table 2), but not enough to sustain
damage as in the controls. This may have occurred
because a higher concentration of the herbicide
solution was left in a single point of the leaf, due to the
brushing method utilized. In other experiments, where
this phenomenon was observed, the plants recovered
from the damage, while non transgenic plant tissues
died in the herbicide brushed area. In the present
experiment, as there was a hypersensitive reaction to
BCMNYV and, consequently, death of these plants, it
was not possible to observe if the herbicide-injured
tissues would recover.

Genetic transformation methods enable inserting
some traits that would not be possible to incorporate
by traditional breeding methods, because of species
incompatibility or even because of the absence of a
desirable trait in the species genome. In some cases,
genetic engineering can produce more efficient plants,
as the transgenic line of the ornamental Campanula
carpatica, obtained by Sriskandarajah et al. (2007),
which was tolerant to ethylene. These authors observed
that in one of these transgenic lines, flowers were
produced over 27 days after exposure to ethylene, while
the controls stopped flowering in just three days.

This work is the first report on transferring transgenes
to commercial cultivars of P. vulgaris with analysis
aiming at the recovery of recurrent parent traits. The
stable transmission of transgenes from parents to
offspring will make it possible to include this transgenic
line as a donor parent in breeding programs, avoiding
the burden of transformation of additional cultivars.
Western analysis for the rep protein expression was
shown for up to the 8" generation plant of 'Olathe M 1/4'
(Faria et al., 2006).

Conclusions

1. The technology of transgenic crops may result in
stable transformation.

2.Thetransgenic trait is inherited in a Mendelian way,
as evaluated by multiple backcrosses and selfings.

3. The presence of the transgenes does not cause
any detectable undesirable effect in the evaluated
progenies.
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