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ABSTRACT. Currently, the market demands products committed
to protecting human health and the environment, known as clean
products. We developed a protocol using DNA fragments containing
only the gene sequence of interest, to replace the circular vectors
containing genes for antibiotic resistance and other undesirable
sequences, for obtaining transgenic soybeans for microparticle
bombardment. Vector pAC321 was digested with the restriction
enzyme PvuII to produce the 6159 bp ahas fragment, which contains
the mutated ahas gene from Arabidopsis thaliana (Brassicaceae),
under the control of its own promoter and terminator. This gene
confers resistance against imazapyr, a herbicidal molecule of the
imidazolinone class, capable of systemically translocating and
concentrating in the apical meristematic region of the plant, the same
region used for the introduction of the transgenes. This fragment
was used to generate 10 putative transgenic soybean lines.
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INTRODUCTION
Most protocols to produce transgenic plants through direct transformation use
plasmid DNA. As a consequence, an array of integration patterns can be obtained, and
vector backbone sequences are often found integrated into the plant genome (Vianna et
al., 2004). A desirable transgenic locus organization is that where the recipient organism
contains as little foreign DNA as possible (Zhao et al., 2007). The vector backbones typically used in plant transformation include a regulatory element for bacterial multiplication and a prokaryotic antibiotic resistance gene as selectable marker, because those are
important in the early stages of obtaining DNA on a large scale. The presence of backbone
sequences in the plant genome may promote transgene rearrangement and exert undesirable negative effects on transgene or endogenous gene expression (Artelt et al., 1991;
Jakowitsch et al., 1999; Muller et al., 1999).
In an attempt to minimize this problem, we evaluated the use of γ-radiation to
physically remove selective marker genes previously introduced into the soybean genome; however, this method was inefficient, removing sequences from the plant genome,
silencing the gene of interest and producing some abnormal phenotypes such as dwarfism
and wrinkled leaves (Tinoco et al., 2006).
Thus, the use of DNA fragments containing only the genes of interest to obtain transgenic plants is the most appropriate procedure. However, there is insufficient information
about the ideal conditions for the use of linear DNA cassettes in direct transformation (Cheng
et al., 2009). Efforts to achieve transgenic soybean through the biolistic process have made it
possible to introduce some agronomic traits. Some of these plants have been introduced into
breeding programs in order to generate transgenic commercial plants (Vianna et al., 2004;
Rech et al., 2008). In addition, the evaluation of food and environmental security has been
carried out. This evaluation includes studying the potential impacts of the introduced foreign
gene(s) present in the transgenic product consumed by humans and animals and its correlation
with the environment. Among the extensive analyses, concerns have been raised by regulatory
agencies, regarding public opinion and the potential possibilities of the transfer of genes conferring antibiotic resistance present in the commercial product to the microorganisms present
in the gut or environment. Based on scientific evidence, the Food and Drug Administration
(FDA), among other regulatory institutions, recognizes that there is a remote possibility of the
transfer of an antibiotic-resistant gene present in the product to the microorganisms present in
the gut and environment (US FDA, 1998). There
�����������������������������������������������������
is as yet no clear evidence of a potential deleterious effect from the ingestion of transgenic products carrying antibiotic resistance genes
or other marker genes in transgenic plants to humans, animals and the environment (Miki and
McHugh, 2004). However, there is an understandable trend to avoid the presence of any
�������
additional sequence in the commercial transgenic varieties, such as replication origin, selection
markers or any sequence other than the gene corresponding to the desired trait itself (Fu et al.,
2000; Aragão et al., 2002; Vianna et al., 2004).
It has been shown in various plant species that the frequency of plant transformation
is similar when either the fragment or a circular plasmid is used. However, in rice the transformation frequency was higher using the fragment cassette than using either the circular or a
complete linear vector (Fu et al., 2000). In addition, Southern blot analysis revealed a similar
pattern of complexity in transgenic plants obtained either by the entire plasmid or a fragment.
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Gao et al. (2007) and Liu et al. (2009) have developed protocols for obtaining transgenic soybean with minimal linear DNA using the pollen tube pathway or in planta ovarydrip transformation. The linear minimal gene cassette was produced by polymerase chain
reaction (PCR). Recently, we developed an efficient protocol to produce transgenic soybean
plants using a circular vector containing the mutated ahas gene as selective marker (Aragão
et al., 2000; Nunes et al., 2006; Rech et al., 2008). The mutated ahas gene was isolated from
Arabidopsis thaliana, and the coding sequence is under the control of its own promoter and
terminator. This gene confers resistance against imazapyr, a herbicidal molecule of the imidazolinone class, capable of systemically translocating and concentrating in the apical meristematic region of the plant, the same region used for introduction of transgenes. �������������
The methodology presented here describes how to prepare and use only a DNA fragment as the vector for
introducing foreign genes into the plant genome. The vector corresponds to the expression
cassette, instead of circular vectors containing antibiotic resistance genes, and it is used to
obtain transgenic soybean plants using the biolistic system.

MATERIAL AND METHODS
Vector
The plasmid pAC321 utilized contains the ahas cassette previously isolated from A.
thaliana under control of its own promoter and terminator (Aragão et al., 2000; Rech et al.,
2008). This gene is mutated at position 653, which results in a substitution of a serine by an
asparagine, and confers tolerance to herbicides of the imidazolinone chemical group, such as
imazapyr. The ahas gene codes for the acetic acid hydroxy synthase (AHAS), the enzyme that
catalyzes the first step in the synthesis of the branched chain amino acids valine, leucine and
isoleucine in plants and microorganisms (Sathasivan et al., 1990).
The pAC321 plasmid was prepared using standard maxi prep protocols (Sambrook
and Russell, 2001).

DNA fragment preparation
The vector was digested with the restriction enzyme PvuII, which permits �����������
the expression cassette to be removed from the bacterium plasmid vector. For the digestion reaction, 400
µg plasmid DNA was incubated for 3 h with 600 U PvuII (1.5 U per each µg DNA), at 37°C
using buffer B (Promega).
The 6159-bp ahas fragment generated was separated from the backbone by electrophoresis on a 1.0% agarose gel containing ethidium bromide, at 10 V/cm, and was excised
from the gel using a UV transilluminator. The gel piece containing the band was transferred to
an electroelution tube (Spectrapor-membrane 18-mm dialysis tubing, MWCO 3500, Thomas
Scientific, USA). The end of the dialysis tubing was closed with a plastic clip and filled with
0.5X TBE (1 L 10X TBE: 108 g Tris base, 55 g boric acid, 40 mL 500 mM EDTA, pH 8.0).
The other tube end was also closed and, as far as possible, any air bubbles were removed.
Electroelution was performed at 80-90 V for 3 h without shaking the tube. The current
was inverted for 2 min, at 80-90 V, to recover any DNA adsorbed to the membrane, and the solution was then collected from the tubing and transferred to a 50-mL Corex tube. TBE (0.5X)
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was added to the tubing to collect most of the DNA. Rinsing was repeated until a volume of
12.5 mL had been collected.
The DNA was precipitated by adding 1/10th volume (1.25 mL) 3 M sodium acetate
and 3 volumes absolute ethanol. It was mixed well, incubated at -20°C for 2 h, and centrifuged
at 12,000 g for 40 min, at 4°C.
The supernatant was carefully discarded and 12.5 mL 70% ethanol was added. The
Corex® tube was centrifuged again at 12,000 g for 40 min, at 4°C, with the pellet in the same
position as in the first centrifugation.
The supernatant was again carefully discarded. The pellet was dried at room temperature and resuspended in 100 µL TE, pH 8.0 (10 mM Tris-HCl, pH 8.0, and 1 mM EDTA, pH 8.0).
DNA concentration was measured in a spectrophotometer and adjusted to 1 µg/µL
with distilled water for the bombardment experiments. The ahas fragment was utilized in
transformation experiments as a selective marker gene.

Microparticle bombardment and soybean transformation
For particle bombardment experiments, 3 µg DNA fragment was used for precipitation onto M10 tungsten microparticles. DNA precipitation and soybean transformation were
carried out as previously described (Rech et al., 2008), and the plants were grown in a culture
room. As soon as the shoots reached 2-4 cm in length and had rooted, they were transferred to
a plastic pot containing autoclaved soil:vermiculite (1:1) and covered with a plastic bag for a
week to acclimatize. In order to select putative transgenic lines, plantlets were sprayed with an
aqueous solution containing imazapyr, at a rate of 50 g/ha. The surviving plants were further
analyzed by PCR and Southern blot analysis.

PCR analysis
For PCR analysis, DNA was isolated from leaf disks of transformed plants according to Edwards et al. (1991). PCR was carried out according to Aragão et al. (2000).
The primers 5ꞌ-ACTAGAGATTCCAGCGTCAC-3ꞌ (within the ahas promoter) and
5ꞌ-GTGGCTATACAGATACCTGG-3ꞌ (within the ahas coding sequence) were used to amplify a 685-bp sequence (Aragão et al., 2005).

Southern blot analysis
For Southern blot analysis, genomic DNA was isolated according to Dellaporta et al.
(1983), and blotting and hybridization were carried out as previously described (Sambrook et
al., 1989). Genomic DNA (15 µg) was digested with SpeI or HindIII, separated on a 1% agarose gel and transferred to a nylon Hybond membrane.
Hybridization was carried out using 60 ng of the probe. For detection of the ahas
gene, the 664-bp PCR product generated by the use of primers 5ꞌ - TCC ATT GCT TCT GCT
ATC GAC ACG - 3ꞌ and 5ꞌ - CCT CGG GAT TTG ATT TTT GGT CCT - 3ꞌ (probe a - covering
the ahas promoter) was used. For detection of the backbone of the pAC321 vector, a mix of
probes b, c and d (20 ng each) was used. Probes b, c and d were obtained using the respective
primers: 5ꞌ - GAG TAT TCA ACA TTT CCG TGT C - 3ꞌ and 5ꞌ - TAC CAA TGC TTA ATC
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AGT GAG GC - 3ꞌ (probe b, a fragment of 835 bp covering the amp region); 5ꞌ - TGT GAG
CAA AAG GCC AGC AAA AG - 3ꞌ and 5ꞌ - TGA GCG TCA GAC CCC GTA GAA A - 3ꞌ
(probe c, a fragment of 685 bp covering the E. coli origin of replication); 5ꞌ - CCG CTC CTT
TCG CTT TCT TCC CTT - 3ꞌ and 5ꞌ - GGA CTC CAA CGT CAA AGG GCG A - 3’ (probe
d, a fragment of 200 bp covering the phage f1 origin of replication). The probes were labeled
with a32P dCTP (3000 Ci/mol) using a random primer DNA labeling kit (Pharmacia Biotech)
according to manufacturer instructions (Figure 1).

Figure 1. Schematic representation of the plasmid vector pAC321, showing the restriction sites (PvuII) used to
obtain the 6159-bp ahas fragment from Arabidopsis thaliana (At), utilized for particle bombardment transformation
of soybean embryos. The ahas gene is controlled both by the ahas promoter and terminator. The AmpR gene confers
resistance to the antibiotic ampicillin.

Plant cultivation
The transgenic plants were cultivated, and the seeds collected (R1 generation) were
sown in 5-dm3 plastic pots containing autoclaved fertilized soil. Once the plants produced the
first trifoliate leaves, they were sprayed with imazapyr at a commercial concentration of 100
g/ha. The surviving plants were analyzed by PCR for the presence of the ahas gene.

RESULTS
Seven transformation experiments using soybean cv. Conquista were performed, 1260
apical meristems of mature embryos were bombarded, and 1006 plantlets were obtained, having been grown in selective 500 nM imazapyr medium. These acclimatized plantlets were
sprayed with half the recommended rate of the herbicide Arsenal® (50 g/ha imazapyr). About
15 days after spraying, the tolerant plants could be visually identified. Plants that were not
tolerant to the herbicide had severe signs of toxicity. Red vein symptoms typically seen in imidazolinone-treated plants were observed in almost all tolerant plants, as described by Aragão
et al., 2000. Ten plants survived the herbicide treatment and showed few signs of toxicity. All
non-transgenic plants died after 15 days. All plants severely affected were discarded. The R0
transgenic plants were named E01, E02, E03, E04, E05, E06, E07, E08, E09, and E10. The
transformation frequency was 0.8%.
PCR analyses confirmed the presence of the ahas gene in all 10 tolerant plants, which
were transferred to a plastic pot containing 5 dm3 autoclaved fertilized soil and allowed to set seeds.
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The E09 line showed the best results and no symptoms of toxicity when 100 g/ha imazapyr was applied on self-pollinated R1 seeds. Consequently, this line was chosen for further
analyses up to the R4 generation. Southern blot analysis revealed that this line was homozygous and also showed the same hybridization pattern for all plants analyzed. It allowed us to
confirm integration of the fragment as well as to estimate that this line contained one copy of
the ahas gene integrated into the genome. It is a desirable property for transgenic plants in a
breeding program aimed at product development. Genomic DNA isolated from non-transgenic
plants did not hybridize with the ahas probe (Figure 2). Southern blot analysis of line E09 R4
plants, utilizing probes b, c and d concomitantly, did not render any hybridization signal, demonstrating the absence of other foreign genes and sequences (Figure 3).

Figure 2. Southern blot of genomic DNA digested with SpeI, utilizing probe a (Figure 1), from soybean plants in
R3. Lanes 1 to 11 = Progeny of transgenic line E09. Lane 12 = Negative control. Lane 13 = 200 pg entire pAC321
digested with SpeI.

Figure 3. Southern blot of genomic DNA digested with HindIII, from progeny of transgenic E09 line R3, utilizing
mixed probes (b, c and d) (Figure 1) to detect the backbone vector. Lanes 1-6 = Progeny of transgenic line E09.
Lane 7 = Non-transgenic plant. Lanes 8 and 9 = 200 pg of entire pAC321 digested with HindIII.
Genetics and Molecular Research 10 (1): 382-390 (2011)
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DISCUSSION
We developed a methodology to obtain transgenic soybean plants containing only the
gene(s) responsible for a desirable trait, avoiding the presence of antibiotic resistance genes
commonly present in circular vectors. As a selective gene for this study, we used the mutated
A. thaliana ahas gene under control of the ahas promoter and terminator. Although the purpose of this study was not to compare the efficiency of different systems using circular vectors, linear DNA fragments, or minimal cassettes to obtain transgenic soybeans, we observed
a 0.8% frequency of plant transformation using fragments, showing that this method is useful
in generating transgenic lines that could be introduced into a breeding program.
Since the plants were selected using 50 g/ha imazapyr, it is expected that many transgenic events with a low level of transgene expression were unable to further develop, because
all plants were grown in vitro, in a medium containing 500 nM imazapyr. Therefore, considering the effect of transgene position, and other factors that prevent high-level expression of the
transgene, the percentage of transformation may be far greater than the 0.8% observed. Aragão
et al. (2000) obtained a 3.9 to 20.1% transformation frequency with a system based on the use
of imazapyr; however, only 9% of the transgenic plants obtained in their study (3 in 35 plants),
showed no symptoms after herbicide application of 100 g/ha, which is directly related to the
level of transgene expression. If we consider this percentage in our study, we can estimate a
transformation frequency of about 11%.
Fu et al. (2000) observed a higher transformation frequency for rice, using DNA fragments in substituting circular vectors. For bean transformation, Vianna et al. (2004) observed
that the frequency was similar whether they used a fragment or an entire vector. Here, we did
not generate enough data to reach a clear conclusion, but the transformation frequencies in
both cases are apparently very similar.
During the transgene integration process of
������������������������������������������
the foreign sequence into the plant genome, it is possible to undergo losses in DNA sequences at 5ꞌ and 3ꞌ ends of the cassette, with
the subsequent loss of diagnostic fragments and eventually loss of transgene expression (Vidal et al., 2006). Therefore, when choosing the restriction enzyme, it is important to consider
leaving at least 100 bp at the ends of the expression cassette. This was considered in our case,
and the ends were 247 and 201 bp on the 5ꞌ and 3ꞌ sides, respectively. We can infer that the
ahas cassette was complete in the plant genome, since the plants from event E09 tolerated applications of up to 140 g/ha imazapyr, without damage to the plants, indicating a high level of
expression of the ahas gene, at a dose 40% higher than commercially recommended.
Questions regarding biosafety issues have been raised because of the presence of
genes for antibiotic resistance in transgenic plants (Dale, 1999), and sequences coding for
antibiotic resistance are consequently being avoided for the development of new marketable
varieties. In addition, the vectors serve no purpose in direct DNA transfer procedures, especially particle bombardment (Fu et al., 2000). The results obtained demonstrated the feasibility
of the introduction of a DNA fragment containing only the desirable expression cassette to
obtain new soybean varieties by microparticle bombardment.
The study presented shows a reproducible methodology for the introduction of DNA
fragment into the genome of soybean plants, containing only the promoter, the coding sequence and terminator of interest, while avoiding the use of genes for antibiotic resistance
and other undesirable sequences. The technology described has been used in our laboratory
Genetics and Molecular Research 10 (1): 382-390 (2011)
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to obtain transgenic soybean containing other genes (Cunha et al., 2010) and has created the
foundation for obtaining herbicide-resistant soybean elite events, jointly developed by Embrapa and BASF, which should be available commercially in 2011.
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