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"A PROCESS FOR OBTAINING TRANSGENIC LEGUMINOUS PLANTS

(LEGUMINOSAE) CONTAINING EXOGENOUS DNA"

5 FIELD OF THE INVENTION

The present invention refers to the use of biobalistic for introducing exogenous genes into a

vegetable tissue and obtaining transgenic leguminous plants by regenerating the transformed tissue.

BACKGROUND OF THE INVENTION

The use of genetic engineering techniques for introducing genes which are responsible for

10 agronomic characteristics of interest may facilitate the development of new varieties of
LEGUMINOSAE. The obtaintion of a transgenic plant requires methods of introducing the
exogenous DNA into the vegetable tissue and regenerating the whole plant from such genetically
transformed tissue. Depending upon the species to be transformed, various types of tissue have been

used for the introduction of an exogenous DNA, the meristematic tissue been preferably employed in

15  various transformation processes, primarily due to the ease regeneration of a plant from this type of
tissue. Various processes have been proposed for introducing exogenous genes into apical

meristematic cells of LEGUMINOSAE, among which the following can be pointed out: a) the

Agrobacterium system; b) a system related to tissue electroporation and c) the biobalistic system. The
introduction and integratioﬁ of exogenous DNA into cells of LEGUMINOSAE have been
20  demonstrated by various scientists and described in different publications such as (Aragdo F.J.L,,
Grossi-de-Sa4 M.F., Almeida E.R., Gander E.S. Rech E.L. (1992); Particle bombardment mediated
expression of a Brazil nut methionine-rich albumin in bean (Phaseolus vulgaris L. ); Plant Molecular
Biology 20:357-359. Lewis, M.F. & Bliss, F.A. (1994); Tumor formation and beta-giucuronidase

expression in Phaseolus vulgaris L inoculated with Agrobacterium tumefaciens. Journal of the
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American Society for Horticultural Science; 119:361-366, Dillen W. Engler G. Van Montagu M. &
Angenon G. (1995); Electroporation-mediated DNA delivery to seedling tissues of Phaseolus

vulgaris L (common bean), Plant cell Reports, 15:119-124,

However, the low obtaintion frequency of the genetically transformed tissue, the low

5 cépacity of regenerating a fertile plant from said transformed tissue, together with the use of
transformation methods the efficiency of which depends upon the genotype, have rendered it difficuit

to obtain transgenic leguminous plants (Brasileiro A.CM.; Aragdo F.J.L.; Rossi S. Dussi D.M.A;
Barros LM.G.; & Rech E.L. (1996) - Susceptibility of common and tepary beans to Agrobacterium

ssp. strains and improvement of Agrobacterium-mediated transformation using microprojectile

10 bombardment. J. Amer. Soc. Hort. Sci. 12:810-815 and Dillen W.: Van Montagu M. & Angenon G.

(1995) Electroporation-mediated DNA delivery to seedling tissues of Phaseolus vulgaris L. (common

bean). Plant Cell Reports 15:119-124).

With the deveiopment of the biobalistic process for the direct introduction of genes into

vegetable cells at the end of the '80 (Sanford J.C. Klein T.M., Wolf E.D. & Allen N. (1987) Delivery

15 of substances into cell tissues using a particle bombardment process; Journal of Particle Science and
Technology, 5:27-37), a great number of transgenic plants of several species have been obtained,
including those species which proved to be recalcitrant to the transformation by the using other
methods. This is due to the fact that it has become possible to introduce and €Xpress €Xogenous genes

in any kind of vegetable tissue. Thus, any type of tissue having a potential ability to regenerate a

20  whole fertile plant is suitable for transformation.

The biobalistic process was proposed by Sanford with a view to introduce genetic material
into the nuclear genome of higher plants. Since then its universality of application has been appraised,
and it has proved to be an effective and simple process for the introduction and expression of genes
into bacteria, protozoa, fungi, algae, insects, vegetable and animal tissue, as well as isolated organelils

25 as chloroplast and mitochondria, according to the results observed by Sanford J C, Smith F D &
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Russel J.A. (1993) Optimizing the biobalistic process for different biological application. Methods in
Enzymology :217:413-510 . In the specialized literature there are several other examples of the use

of biobalistic for the obtaintion of transgenic organisms such as, for instance, US Patents 5,565,346,

US 5,489,520 and WO 96/04392, among others.

5 In biobalistic microprojectiles accelerated at high speed are used for carrying and
introducing nucleic acids and other substances into cells and tissues in vive (Rech E.L. & Aragdo
F.J.L. (1997). The ballistics process - In: Brasileiro A.C.M. & Cameiro V.T.C. (Ed) - Manual of
genetic transformation of plants: EMBRAPA/Cenargen. This process has also been called as method
of bombardment with microprojectiles, "gene gun" method, particle-acceleration method, among

10 others. Different systems have been developed and constructed which are capable of accelerating
microparticles (made of tungsten or gold), coated with nucleic acids sequences, at speeds higher than
1500 km/h-1. All these systems are based on the generation of a shock wave with enough energy for
displacing a carrying membrane containing the microparticles coated with DNA. The shock wave can
be generated by a chemical explosion (dry gunpowder), a discharge of helium gas under high

15  pressure, by vaporization of a drop of water through a electric discharge at high voltage and low

capacitance or at low voitage and high capacitance.

Those systems which use helium gas under high pressure and electric discharge have shown

a wide spectrum of utilization. The accelerated particles penetrate the cellular wall and membrane in a
non-lethal way, locating themselves randomly in the cellular organells. Then the DNA is dissociated

20 from the microparticles by the action of the cellular liquid, and the process of integrating the
exogenous DNA in the genome of the organism to be modified takes place (Yamashita T. [ada, A. &
Morikawa H. (1991) - Evidence that more than 90% of b-glucuronidase-expressing cells after particle

bombardment directly receive the foreign gene in their nucleus; Plant Physiol. 97:829-831).
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In spite of the efficiency and universality of utilization of the biobalistic process, it depends
upon the optimization of various physical and biological parameters, which is fundamental to the

effective introduction of heterologous genes into a vegetable tissue.

For the obtaintion of transgenic plants from the apical region of embrionic axis , there are
two essential requirements, namely: 1) introduction of exogenous genes with high frequencies into
the cells of the apical regions, and integration of exogenous genes into the vegetable genome, and 2)

regeneration and production of fertile transgenic plants from the resulting transformed cells.

With the development of the biobalistic process the in situ direct transformation of cells of
the apical meristem is now possible. However, the deveiopment and further production of fertile

transgenic plants require the regeneration and production of the plant from the transformed cells.

During the last few decades several attempts have been made to obtain the regeneration of
fertile plants of commercially important LEGUMINOSAE. Although many advances have been
achieved, no effectively positive results have been obtained yet. For instance, some methodologies of
muitiple shooting of apical and lateral meristems of embryos in different LEGUMINOSAE have been

developed. However, these systems still present serious disadvantages.

Other regeneration systems developed for certain LEGUMINOSAE such as peanuts and
soybeans involve the induction of somatic embryogenesis from mature and immature embryos
cultivated at high doses of 2,4-D. However, the practical use of this system is limited since it is
restricted to determined varieties, in addition to the fact that induction of unwanted genetic variations

(somaclonal variation) also occurs with the consequent production of transgenic plants with their

inherent agronomic characteristics changed.

Thus, the systems already known for the obtaintion of transgenic plants of LEGUMINOSAE
based on the transformation of meristematic cells of the apical region, by using the biobalistic

process present the disadvantages of impossibility of selecting the transformed cells, low production
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frequencies of transgenic plants and high frequency of chimeras (plants with an organ or groups of

some transgenic cells and other non-transgenic cells).

It is, therefore, the objective of the present invention to provide a process with high
production frequency for the obtaintion of transgenic leguminous plants containing an exogenous
5 DNA and which enables the selection of the transformed cells, the latter maintaining the agronomic

characteristics of the plants from which they have originated.

SUMMARY OF THE INVENTION

The present invention refers to a process for producing transgenic leguminous plants

containing exogenous DNA, which comprises the steps of:

10 a) introducing exogenous genes into cells of the apical meristem of the embryonic axis of

leguminous plants by the biobalistic method:;

b) inducing the multiple shooting of the cells in the apical meristematic region modified in step (a) by

cultivating said embryonic axis in a medium containing a multiple shooting inducer; and

¢) selecting the meristematic cells of the apical region as obtained in step (b) by further

15 cultivation of said embryonic axis in a medium containing a molecule which concentrates in the

apical meristematic region of said leguminous embryos.

DETAILED DESCRIPTION OF THE INVENTION

It has now been surprisingly found that a biobalistic process for transforming leguminous

plants by introducing an exogenous DNA into their apical meristematic region, associated with

20 further steps of multiple shooting and subsequent selection of the transformed plants, by using, for
this purpose, specifically the embryonic axis of said cells, enables the regeneration and production of
transgenic plants with a production frequency of the order of 10%. This value represents a magnitude

of about 200 times as high as the frequencies obtained by the processes known at present, which are

BNSDOCID: <WO__9918223A1_I_>



10

15

20

WO 99/18223 6 PCT/BR97/00053

of the order of 0.03% - 0.05%. In addition, the process of the present invention enables the obtaintion

of transgenic plants in a period of time shorter than those described in the prior art.

The process as claimed now is suitable for transformation, regeneration and selection of any

leguminous plant such as soybeans, beans, cowpea and peanuts,

According to the present invention, the embryonic axis of the apical meristematic cells of
leguminous plants to be transformed are prepared in laboratories in a conventional way for the
bombardment (biobalistic) process. Of course, the genes to be used for the bombardment will depend
upon the specific objective of each process in question, that is to say, they will be chosen in
accordance with the new characteristic which one desires to impart to the transformed plant. For
instance, in the case where the objective of the process is to obtain plants resistant to herbicides,

genes which impart such a resistance to herbicides would be utilized.

After the bombardment, the embryonic axis are then contacted with a culture medium
containing a multiple shoot inducer and should be maintained in this medium for a period of time
sufficient to guarantee the desired induction, preferably during a period ranging from 16 to 120 hours.
In a preferred embodiment of the invention, cytokinins, namely 6-benzylaminopurin (BAP) or
tidiazuron (TDZ), are used as a multiple shooting-inducing agent. An additional advantage of the
present invention is that the now claimed process enables the multiple shooting to be completed in a

relatively short period of time, thus avoiding the occurrence of genetic variations that are common to

other known processes.

After the period of multiple shooting induction, the embryonic axis should be transferred to
an additional culture medium containing the agent which will promoté the selection of the
transformed cells. As in the bombardment process, the selection agent will be chosen according to the
final objectives of the process. In the case of transgenic plants which are transformed with genes
which impart resistance to herbicides, the selection agent will be the herbicide to which the plant

should have developed resistance. Examples of herbicides which are particularly usable in the process
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of the invention is the herbicide Glyphosate (sold by Monsanto Company and cailed “Round Up”)
and the herbicides selected from the family of the imidazolinones such as Imazapyr (sold by
American Cyanamid Company). During the step for selecting the transformed cells, a molecuie which
concentrates in the apical meristematic region of leguminous embryos, such as the above-cited
5  herbicides, for instance, is carried through the vascular system of the embryonic axis, then

concentrating in the apical meristematic region. In this way, it is possible to carry out the selection of

the cells without deleterious effects to the embryonic axis.

The invention can be better understood with the help of the examples given below, which

are merely illustrative, and the parameters and conditions described should not be regarded as being

10  limiting of the invention.

Examples

Preparation of the Embryonic Axis for Bombardment (biobalistic )

Ripe seeds of LEGUMINOSAE selected from the group comprising soybeans, beans and
peanuts were disinfected in 70%-ethanol for 1 minute and in 1.0%-sodium hypochlorite for 20 - 30
15  minutes. The disinfected seeds were washed with sterile distilled water and incubated for 16-18 hours

in sterile distilled water at room temperature.

The seeds were then opened for removal of the embryonic axis . The primary leaves were
cut so as to expose the region of the apical meristem. In the case of beans, the radicle portion was

also cut whereas for the other LEGUMINOSAE there was no need for cutting the radicle portion.

20 LEGUMINOSAE meristematic apical regions of embrionic axis of black beans and of
soybean are illustrated in Figures 1 and 2, respectively. Figure 1 A specifically shows the
meristematic apical region of the meristematic apical region whereas Figure 1 B demonstrates the
process of explant for bombardment with the removal of the primary leaves in order to expose the

apical meristem and allow the removal of the radicle.

BNSDOCID: <WO__9918223A1_I_>
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The axis of the embryos were disinfected in 0.1%-sodium hypochtiorite for 10 minutes and
washed 3 times in sterile distilled water. Then the embryonic axis were placed in the culture plates
containing the bombardment medium (10-15 axis/plate), said bombardment medium (herein after
called BM) consisting of a medium of Murashig and Skoog (1962), here referred to as MS,

5  supplemented wi;h 3% of sucrose, 0.7% phytagel, pH 5.7. The axis were arranged in a circle,

equidistant by 6 - 12 mm from the center of the plate and with a region of the apical meristem

directed upwards.

After positioning the embryo axis, it was observed under a stereomicroscope that the

meristematic region was covered with a liquid film and, therefore, the cover of the plate was opened

10 under laminar flow for 1 - 2 minutes. right before the bombardment, in order to prevent the liquid
film on the meristematic surface from reducing the penetration of the microparticles and,

consequently, reducing the level of expression of the introduced gene.

Once the material to be transformed had been positioned on the plate containing the bombardment
medium BM, it was bombarded with the gene of interest. In this case, various vectors containing

15 genes which create resistance to the herbicides Glyphosate and Imazapyr were used.

Preparation of the Microparticles

The microparticles responsible for carrying the exogenous DNA into the cells were

sterilized and washed. 60 mg of microparticles of tungsten M10 (Sylvania) or gold (Aldrich, 32,658-

5) were weighed, transferred to a microcentrifuge tube, to which 1.0 ml of 70% ethanol was added.

20 The mixture was vigorously stirred and kept under stirring for 15 minutes at the lowest speed of the
stirrer. 15,000g was centrifuged for 5 minutes and the supernatant was removed and discarded with

the help of a micropipette of 1,000 pl. 1 ml of sterile distilled water was added and mixed vigorously

in a stirrer and centrifuged as in the preceding step. The supernatant was discarded, and the washing

operation was repeated two more times.
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After the last washing, the supernatant was discarded, and the microparticles were again
suspended in 1 ml of 50% glycerol (v/v). Equal parts of glycerol and distilled water were mixed, the

mixture was autoclaved and kept at room temperature.

Then the exogenous DNA was precipitated onto the microparticles and, for this purpose, an

3 'aiiquot part of 50 pl of the microparticle suspension (60mg/ml) was transferred to a microcentrifuge
tube. From 5 to 8 ml of DNA (1 mg/pl) was added. The mixture was rapidly homogenized (3 - 5
seconds) by stirring the outer part of the tube with help of the fingers. 50 pul of CaCl, 2.5 M was
added, rapidly homogenized and 20 pl of spermidine 0.1 M (Sigma S-0266) was added, which is an

extremely hygroscopic and oxidizable reactant.

10 The resulting mixture was incubated at room temperature under siow stirring for 10
minutes, centrifuged for 10 sec, and the supernatant was carefully removed. 150 pl of absolute
ethanol was added, and then the outer part of the tube was again stirred with the help of the fingers.
The resulting mixture was centrifuged at 15,000 g for 10 seconds, and the supernatant was removed.

The preceding step was repeated, adding 24 pl of absolute ethanol, vigorously homogenized and

15 sonicated for 1 - 2 seconds.

Then samples of 3.2 ul of the solution was distributed in the central region of each carrving
membrane previously positioned on a membrane support. Each precipitation was sufficient for
preparing 6 carrying membranes containing microparticles covered with the DNA of interest. The
discs containing the microparticles covered with DNA were immediately stocked on a plate

20  containing drying material (silica gel) and placed in a desiccator.

The bombardment of the apical meristematic region of the embryonic axis of the
leguminous plants was carried out with a microparticle accelerator which utilizes high pressure of

helium gas, as described in Aragdo et al - 1996.
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Example 1: Obtaintion of Transgenic Plants of Soybean (Glycine max. (L) Merril). through the

selection with the herbicide Imazapyr

Immediately after the bombardment of the embryonic axis with the microparticles covered

with an exogenous DNA which imparts resistance to imazapyr, the embryonic axis were transferred

5  from the bombardment medium (BM) to culture plates containing multiple shooting-inducing
medium (IM) (MS medium suppiemented with 22.2 ul BAP, 3% sucrose, 0.6% of agar, pH 5.7). The
bombarded embryonic axis remained immersed in the IM for 16-24 hours in darkness conditions, at

27° C in order to induce multiple shooting. After this period had passed, the embryonic axis were
transferred to plates with cuiture medium containing herbicide (CMH) (SM medium, 3% sucrose,

10 500-1000 nM of Imazapyr, 0.7% of agar, pH 5.7) and kept in a growth chamber at a temperature of

27° C with 16 hours photoperiod (50 umols m™s™) until the induction of multiple shooting.

The shoots that reached 2 - 4 cm length were transferred to a culture medium MS1S (MS,

1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 pmols m?s™) at 27° C to
enable the plantlets to grow and take root. A section of | mm was removed from the base of the stem

15 and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous
DNA were individually registered and transferred to a new cuiture flask. Once the plantlets had taken

root, they were transferred to vesseis containing an autoclaved soil: vermiculite (1:1) mixture.

The plantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed. The plantlets were

20  transferred to vessels containing soil for the production of seeds.

Example 2: Obtaintion of Transgenic Plants of Sovbean (Glycine max. fL.‘) Merril), with the

Herbicide Glvphosate

Immediately after the bombardment of the axis of the embryonic axis with the

microparticles covered with an exogenous DNA which imparts resistance to Glyphosate , the

BNSDOCID: <WO___9918223A1_|_>
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embryonic axis were transferred from the bombardment medium (BM) to culture plates containing
multiple shooting inducing medium (IM) (MS medium supplemented with 22.2 ul BAP, 3% sucrose,
0.6% of agar, pH 5.7). The bombarded embryonic axis remained immersed in the IM for 16-24 hours
in darkness conditions, at 27° C in order to induce multiple shooting. After this period had passed, the
5  embryonic axis were transferred to plates with culture medium containing herbicide (CMH) (SM
medium, 3% sacrose, 300-1000 nM of Glyphosate , 0.7% of agar, pH 5.7) and kept in a growth
chamber at a temperature of 27° C with 16 hours photoperiod (50 pmols m-2s-1) until the induction

of multiple shoots.

The shoots that reached 2 - 4 ¢cm length were transferred to a culture medium MS1S (MS,

10 1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 pumols ms™) at 27° C to
enable the plantlets to grow and take root. A section of | mm was removed from the base of the stem

and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous
DNA were individually registered and transferred to a new cuiture flask. Once the plantlets had taken

root, they were transferred to vessels containing an autoclaved soil: vermiculite (1:1) mixture.

15 The plantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed. The plantlets were

transferred to vessels containing soil for the production of seeds.

Example 3: Obtaintion of Transgenic Plants of Beans (Phaseolus vulgaris L.). through selection with

the Herbicide Imazapyr

immediately after the bombardment of the axis of the embryonic axis with the
microparticles covered with an exogenous DNA which imparts resistance to Imazapyr, the embryonic
axis were cultivated in the same culture medium (BM) for 7 days at a temperature of 27° C with 16

hours photoperiod (50 umols m?s") for induction of the multiple shoots. After this period. the
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embryonic axis which germinated were transferred to a "Magenta"-type box containing the culture
medium MSBH (MS medium supplemented with 44.2 uM BAP, 3% of sucrose, 100-500 nM of
Imazapyr, 0.8% of agar, pH 5.7), for 7 days at a temperature of 27° C with 16 hours photoperiod (50

pmols m?s™) to reduce the total number of multiple shoots. Then the embryonic axis were again

W

transferred to the "Magenta"-type culture box containing the culture medium MS3S (SM
supplemented with 44.2 uM BAP, 3% of sucrose, 0.8% of agar, pH 5.7) at a temperature of 27° C

with 16 hours photoperiod (50 umols m™s™) to enable the elongation of the multiple shoots. After two

weeks the axis of embryos began to emit shoots.

The shoots that reached 2 - 4 cm length were transferred to a culture medium MS1S (MS,

10 1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 pmols m?s™) at 27° C to
enable the plantlets to grow and take root. A section of I mm was removed from the base of the stem

and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous
DNA were then individually registered and transferred to a new culture flask. Once the plantlets had

taken root, they were transferred to vessels containing an autoclaved soil: vermiculite (1:1) mixture.

15 The plantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed The plantlets were

transferred to vessels containing soil for the production of seeds.

Example 4: Obtaintion of Transgenic Plants of Beans (Phaseolus vulgaris L.). through selection with

the herbicide Glvphosate

20 Immediately after the bombardment of the embryonic axis with the microparticles covered
with an exogenous DNA which imparts resistance to Glyphosate , the embryonic axis were cultivated
in the same culture medium (BM) for 7 days at a temperature of 27° C with 16 hours photoperiod (50
umols m?s?) for induction of the multiple shoots. After this period, the embryonic axis which
germinated were transférred to a "Magenta"-type box containing the culture medium MSBH (MS

25  medium supplemented with 442 uM BAP, 3% of sucrose, 200-1000 nM of Glyphosate , 0.8% of
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agar, pH 5.7), for 7 days at a temperature of 27° C with 16 hours photoperiod (50 pmols m™s™) to
reduce the total number of multiple shoots. Then the embryonic axis were again transferred to the
"Magenta"-type culture box containing the culture medium MS3S (SM supplemented with 44.2 uM
BAP, 3% of sucrose, 0.8% of agar, pH 5.7) at a temperature of 27° C with 16 hours photoperiod (50
5 umols ms™”) to enable the elongation of the multiple shoots. After two weeks the axis of embryos

began to emit shoots.

The shoots that reached 2 - 4 cm length were transferred to a culture medium MS1S (MS,

1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 pmols m™s™) at 27° C to
enable the plantlets to grow and take root. A section of 1 mm was removed from the base of the stem

10  and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous
DNA were then individually registered and transferred to a new culture flask. Once the plantlets had

taken root, they were transferred to vessels containing an autoclaved soil: vermiculite (1:1) mixture.

The plantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed. The plantlets were

15 transferred to vessels containing soil for the production of seeds.

Example 5: Obtaintion of Transgenic Plants of Cowpea (Vignia unguiculata), through selection with

the herbicide Imazapyr

Immediately after the bombardment of the embryonic axis with the microparticles covered

with an exogenous DNA which imparts resistance to Imazapyr, the embryonic axis were cultivated in

20  the same culture medium (MB) for 7 days at a temperature of 27° C with 16 hours photoperiod (50
pmols m?s™) for induction of the muitiple shoots. After this period, the embryonic axis which
germinated were transferred to a "Magenta"-type box containing the culture medium MSBH (MS
medium supplemented with 5-50 uM BAP, 3% of sucrose, 100-500 nM of IMAZAPYR, 0.8% of

agar, pH 5.7), for 7 days at a temperature of 27° C with 16 hours photoperiod (50 umols m’s™) to

25 reduce the total number of multiple shoots. Then the embryonic axis were again transferred to the

BNSDQOCID: <WO___9918223A1_|_>
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"Magenta"-type culture box containing the culture medium MS3S (MS supplemented with 20-50 uM
BAP, 3% of sucrose, 0.8% of agar, pH 5.7) at a temperature of 27° C with 16 hours photoperiod (50

umols ms™) to enable the elongation of the multiple shoots. After two weeks the axis of embryos

began to emit shoots.

The shoots that reached 2 - 4 cm length were transferred to a culture medium MS1S (MS,
1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 umols m?Zs™) at 27° C to
enable the plantlets to grow and take root. A section of I mm was removed from the base of the stem
and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous
DNA were then individually registered and transferred to a new culture flask. Once the plantlets had

taken root, they were transferred to vessels containing an autoclaved soil: vermiculite (1:1) mixture.

The plantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed. The plantlets were

transferred to vessels containing soil for the production of seeds.

Example 6: Obtaintion of Transgenic Plants of Cowpea (Vignia unguiculata). through selection with

the Herbicide Glvphosate

Immediately after the bombardment of the axis of the embryonic axis with the
microparticles covered with an exogenous DNA which imparts resistance to Glyphosate , the
embryonic axis were cultivated in the same culture medium (BM) for 7 days at a temperature of 27°
C with 16 hours photoperiod (50 umols ms™') for induction of the multiple shoots. After this period,
the embryonic axis which germinated were transferred to a "Magenta"-type box containing the
culture medium MSBH (MS medium supplemented with 5-50 pM BAP, 3% of sucrose, 200-1000 nM
of Glyphosate , 0.8% of agar, pH 5.7), for 7 days at a temperature of 27° C with 16 hours photoperiod

(50 umols m-2s-1) to reduce the total number of multiple shoots. Then the embryonic axis were
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again transferred to the "Magenta"-type culture box containing the culture medium MS3S (MS
supplemented with 20-50 uM BAP, 3% of sucrose, 0.8% of agar, pH 5.7) at a temperature of 27° C

with 16 hours photoperiod (50 pmols m™s™) to enable the elongation of the multiple shoots. After two

weeks the axis of embryos began to emit shoots.

5 The shoots that reached 2 - 4 cm length were transferred to a culture medium MS1S (MS,
1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 pmols m™s™) at 27° C to
enable the plantlets to grow and take root. A section of 1 mm was removed from the base of the stem
and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous
DNA were then individually registered and transferred to a new culture flask. Once the plantlets had

10 taken root, they were transferred to vessels containing an autoclaved soil: vermiculite (1:1) mixture.

The plantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed. The plantlets were

transferred to vessels containing soil for the production of seeds.

Example 7: Obtaintion of Transgenic Plants of Peanuts (drachis hypogea L.). trough selection with

15 the Herbicide Imazapyr

Immediately after the bombardment of the axis of embryonic axis with the microparticles
covered with an exogenous DNA which imparts resistance to Imazapyr, the embryonic axis were
cultivated in the same culture medium (BM) for 7 days at a temperature of 27° C with 16 hours
photoperiod (50 umols m™s™) for induction of the multiple shoots. After this period, the embryonic

20  axis which germinated were transferred to a "Magenta"-type box containing the culture medium
MSBH (MS medium supplemented with 5-50 uM BAP, 3% of sucrose, 100-500 nM of IMAZAPYR,
0.8% of agar, pH 5.7), for 7 days at a temperature of 27° C with 16 hours photoperiod (50 pmols m’s
" to reduce the total number of multiple shoots. Then the embryonic axis were again transferred to
the "Magenta"-type culture box containing the culture medium MS3S (MS supplemented with 44.3

25 pM BAP, 3% of sucrose, 0.8% of agar, pH 5.7) at a temperature of 27° C with 16 hours photoperiod
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(50 pmols m”s™) to enable the elongation of the multiple shoots. After two weeks the axis of

embryos began to emit shoots.

The shoots that reached 2 - 4 cm length were transferred to a culture medium MS1S (MS,
1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 umols m?s™) at 27° C to
enable the plantlets to grow and take root. A section of I mm was removed from the base of the stem
and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous
DNA were then individually registered and transferred to a new culture flask. Once the plantlets had

taken root, they were transferred to vessels containing an autoclaved soil: vermiculite (1:1) mixture.

The plantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed. The plantlets were

transferred to vessels containing soil for the production of seeds.

Example 8: Obtaintion of Transgenic Plants of Peanuts (4drachis hvpogea L.), trough selection with

the Herbicide based on Glyphosate

Immediately after the bombardment of the axis of embryonic axis with the microparticles
covered with an exogenous DNA which imparts resistance to Glyphosate , the embryonic axis were
cultivated in the same culture medium (BM) for 7 days at a temperature of 27° C with 16 hours
photoperiod (50 umols m-2s-1) for induction of the muitiple shoots. After this period, the embryonic
axis which germinated were transferred to a "Magenta"-type box containing the culture medium
MSBH (MS medium supplemented with 5-50 uM BAP, 3% of sucrose, 200-1000 nM of Glyphosate ,
0.8% of agar, pH 5.7), for 7 days at a temperature of 27° C with 16 hours photoperiod (50 umols m-
2s-1) to reduce the total number of multiple shoots. Then the embryonic axis were again transferred
to the "Magenta"-type culture box containing the culture medium MS3S (MS supplemented with 44.3
uM BAP, 3% of sucrose, 0.8% of agar, pH 5.7) at a temperature of 27° C with 16 hours photoperiod
(50 pmols m™s™) to énable the elongation of the multiple shoots. After two weeks the axis of

embryos began to emit shoots.
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The shoots that reached 2 - 4 cm length were transtetretl ™0 2 culfurérmedium MSIS (MS,

1% of sucrose, 0.8% of agar, pH 5.7), with photoperiod of 16 hours (50 pmols m“s™) at 27° C to
enable the plantlets to grow and take root. A section of 1 mm was removed from the base of the stem

and leaf for analysis of the expression of the exogenous gene. The shoots expressing the exogenous

5 DNA were then individually registered and transferred to a new culture flask. Once the plantlets had

taken root, they were transferred to vessels containing an autoclaved soil: vermiculite (1:1) mixture.

The piantlets were covered with a plastic bag closed with an elastic band for 7 days. The
elastic band was removed and after 6-7 days the plastic bag was also removed. The plantlets were

transferred to vesseis containing soil for the production of seeds.
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CLAIMS

1- A process for producing transgenic leguminous plants containing exogenous DNA,

5 comprising the steps of:

a) introducing exogenous genes into cells of the apical meristem of the embryonic axis of

leguminous plants by the biobalistic method;

b) inducing multiple shooting of the cells in the apical meristematic region modified in step

(a) by cultivating said embryonic axis in a medium containing a multiple shooting inducer: and

10 ¢) selecting the meristematic cells of the apical region as obtained in step (b) by further
cultivation of said embryonic axis in a medium containing a molecule which concentrates in the

apical meristematic region of said leguminous plants embryos.

2- A process according to claim 1, wherein the multiple shooting-inducing agent is a

cytokinin.

15 3- A process according to claim 2. wherein the cytokinin is 6-benzylaminopurine.

4- A process according to claim 2, wherein the cytokinin is tidiazuron.

5- A process according to claim 1, wherein the selection agent of step (c) is a molecule

which concentrates in the apical meristematic region of said leguminous embryos.

6- A process according to any one of the preceding claims, wherein the leguminous plant is

20 selected from the group comprising soybeans, beans, cowpea, and peanuts.

BNSDOCID: <WO___9918223A1_I_>



PCT/BR97/00053

WO 99/18223

-1M -

FIG.2

BNSDOCID: <WO___98918223A1_1_>



INTERNATIONAL SEARCH REPORT

Inte  .onal Application No

PCT/8R 97/00053

A. CLASSIFICATION OF SUBJECT MATTER
IPC 6 C12N1%5/82

According 10 intemational Patent ClassificationiiFC) or to both national classification and 1PC

8. FIELDS SEARCHED

IPC 6 CI2N

Minimum decumentation searched (classification systam followed by classification symbols)

Documentaton s2arched other than minimumaocumeantation to the extent that such decuments ars included in the heids searched

Electromc gata base consulted during the internatonal szarch (name of data base and. whers practical. search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category - | Citation of document. with indication. wharz appropriate. of the relevant passages

‘Carioca cultivar.”

see the whole document

EUPHYTICA,

vol. 85, 1995,

pages 13-27. XP002069341
see the whole document

INTERNATIONAL JOURNAL OF PLANT SCIENCES
158 (2). 1997. 157-163., XP002069340

A CHRISTOU P: "STRATEGIES FOR
VARIETY-INDEPENDENT GENETIC TRANSFORMATION
OF IMPORTANT CEREALS, LEGUMES AND WOODY
SPECIES UTILIZING PARTICLE BOMBARDMENT"

A ARAGAO F J L ET AL: "Morphological 1-6
factors influencing recovery of transgenic
bean plants (Phaseolus vulgaris L.) of a

-/

Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

* Special categories of cited documents *

“A" document defining the general state of the art which 1s not
considered to be of particular relevance

“E" earlier document but published on or after the internationai
filing date

“L" document which may throw doubts on priorty claim(s) or
which is cited to establish the publicationdate of another
citation or other spacial reason (as specified)

"Q" document refernng to an oral disclosure. use. exhibition or
other means

"P" document published prior to the international filing date but
later than the priority date claimed

“T™ later document published after the international filing date
or prionty date and not in conflict with the application but
cited to understand the principte or theory underlying the
mnvention

“X" document of particular reievance; the claimed invention
cannot be considered novel or cannot be considered to
involve an inventive step when the document is taken alone

"Y" document of particular relevance; the claimed invention
cannot be considered to invoive an inventive step when the
document is combined with one or more other such docu-
ments. such combination being obvious to a person skilled
in the art.

“&" document member of the same patent family

Date of the actual completion of theinternational search Date ot mailing of the international search report
25 June 1998 09/07/1998

Name and mailing address of the ISA Authorized officer
European Patent Office, P.B. 818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040, Tx. 31 651 epo ni,

2 Fax: (+31-70) 340-3016 Maddox, A
Fom PCTNISA/210 {second sheet) {July 1992)
page 1 of 3

BNSDOCID: <WO__9918223A1_I_>

Relevant to claim No.




INTERNATIONAL SEARCH REPORT

inte. .sonail Application No

PCT/BR 97/00053

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category | Citation of document. with indicalion. ¥here appropriate. of the relevant passages

Raievant to claim No

MCCABE, D.E., ET AL.: "Stable
transformation of soybean (Glycine max) by
particle acceleration"

BIOTECHNOLOGY,

vol. 6. no. 8, August 1988,

pages 923-926, XP002069342

see the whole document

CHRISTOU, P., ET AL.: "Soybean genetic

engineering - commercial production of
transgenic plants”

TRENDS IN BIOTECHNOLOGY.

vol. 8, no. 6, June 1990.

pages 145-151. XP002069343

see the whole document

RUSSELL. D.R., ET AL.: "Stable
transformation of Phaseolus vulgaris via
electric-discharge mediated particle
acceleration”

PLANT CELL REPORTS,

vol. 12, 1993,

pages 165-169, XP002069344

see the whole document

BRAR, G.S., ET AL.: "Recovery of

transgenic peanut (Arachis hypogaea L.)

plants form elite cultivars utilizing

ACCELL technology"

THE PLANT JOURNAL.

vol. 5, no. 5, 1994,

pages 745-753, XP002069345

see the whole document

KONONOWICZ A K ET AL: "GENETIC

TRANSFORMATION OF COWPEA VIGNA-UNGUICULATA
USING MICROPROJECTILE BOMBARDMENT AND

AGROBACTERIUM-TUMEFACIENS INFECTION."
PLANT PHYSIOL (ROCKV) 102 (1 SUPL)
May 1993,

page 165 XP002069346

see abstract 945

L]

EP 0 519 758 A (UNIV GUELPH) 23 December
1992

see the whole document

-& US 5 477 000 A (SAXENA) 19 December
1995

see claim 1

FR 2 736 929 A (RHONE POULENC AGROCHIMIE)
24 January 1997

see page 1, line 27 - page 3, line 22
../....

1-6

1-6

1-6

2-4

1,5

Formm PCT/ASA/210 (continuation of second sheet) {July 1992)

BNSDOCID: <WO____9918223A1_|_>

page 2 of 3




INTERNATIONAL SEARCH REPORT

int.  tionat Application No

PCT/BR 97/00053

C.{Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document. with indication,where appropriate, of the relevant passages

Relevant to clam No

WO 92 04449 A (MONSANTO CO) 19 March 1992
see page 10. line 7 - page 11, line 13
ZHOU H ET AL: "GLYPHOSATE-TOLERANT CP4
AND GOX GENES AS A SELECTABLE MARKER IN
WHEAT TRANSFORMATION"

PLANT CELL REPORTS,

vol. 15, no. 3/04, 1 December 1995,
pages 159-163, XP000578832

see the whole document

US 5 589 583 A (KLEE HARRY J ET AL) 31
December 1996

see example 2

US 5 565 346 A (FACCIOTTI DANIEL) 15
October 1996
see the whole document

EP 0 430 511 A (AGRACETUS) 5 June 1991

see the whole document

EP 0 301 749 A (AGRACETUS) 1 February 1989
see the whole document

1.5

1.5

1.5

Form PCT/ISA/210 (continuation of second sheet) {July 1992)

BNSDOCID: <WO___9918223A1_1_>

page 3 of 3




INTERNATIONAL SEARCH REPORT

Information on patent family members

inty

Lional Application No

PCT/BR 97/00053

Patent document Publication Patent famity Publication

cited in search report date member(s) date

EP 0519758 A 23-12-1992 CA 2071767 A 21-12-1992
us 5477000 A 19-12-1995

FR 2736929 A 24-01-1997 AU 6618496 A 18-02-1997
Wo 9704114 A 06-02-1997

W0 9204449 A 19-03-1992 AT 139566 T 15-07-1996
AU 655945 B 19-01-1995
AU 8657891 A 30-03-1992
CA 2088661 A 01-03-1992
DE 69120419 D 25-07-1996
DE 69120419 T 09-01-1997
DK 546090 T 29-07-1996
EP 0546090 A 16-06-1993
ES 2089232 T 01-10-1996
JP 6500472 T 20-01-1994
us 5633435 A 27-05-1997
us 5627061 A 06-05-1997

US 5589583 A 31-12-1996 NONE

US 5565346 A 15-10-1996 NONE

EP 0430511 A 05-06-1991 JP 3187381 A 15-08-1991

EP 0301749 A 01-02-1989 us 5015580 A 14-05-1991
AU 619196 B 23-01-1992
AU 2019688 A 02-02-1989
CN 1030940 A 08-02-1989
DE 3888040 D 07-04-1994
DE 3888040 T 07-07-1994
JP 1080296 A 27-03-1989
ys 5120657 A 09-06-1992

Form PCT/ISA/210 (patent family annex) (July 1992)

BNSDOCID: <WO___9918223A1_|_>




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

