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Abstract

Common bean (Phaseolus vulgaris L.) plants were
regenerated via organogenesis from mature embryonic
axes, cultured on MS medium supplemented with
ildole-3-ecetic acid (IAA) and thidiazuron (TDZ) for one
week in the dark. Embryonic axillary regions were
excised, longitudinally cut to split the both sides, and
cultured for two weeks on MS medium supplemented
with IAA and TDZ. The combination 0.5 mg - I’ TDZ/0.5
mg - I' IAA presented the higher efficiency in shoot re-
generation and the combination 0.5 mg - I TDZ/0.25
mg - I' IAA presented the higher efficiency in conversion
of shoots to plants. Regenerating explants were trans-
ferred to MS medium containing 1 mg - I'' BAP for
shoot development. All elongated shoots were rooted in
vitro, presented normal phenotype and produced viable
seeds. Histological analysis confirmed the mode of
regeneration as de novo shoot organogenesis.
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Introduction

In the tropical and sub-tropical regions of Latin America,
Africa and Asia, the common bean (Phaseolus vulgaris L.} is
one of the most important grain legumes for direct con-
sumption. Consequently, there is considerable interest in the
introduction of agronomically useful traits into beans by
classical and molecular breeding. However, molecular ge-
netic manipulation for applied purposes is only possible with
the development of an efficient protocol for transformation.
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Transformation procedures will be efficient only if an
efficient protocol of regeneration has previously been
established.

Numerous attempts have been made to regenerate
common bean plants from several types of isolated celis
and tissues. In vitro shoot organogenesis (through multiple
shoot induction) from the cotyledonary node, shoot tips
and petioles with leaf have been reported (reviewed by
Nagl et al. 1997; Svetleva et al. 2003). Cruz de Carvalho
et al. (2000) used the transverse thin cell layer method
(tTCL) to optimize the frequency of shoot regeneration,
without intermediate callus. The induction of multiple shoo-
ting in the apical and lateral meristematic region in bean
has been demonstrated (Kartha et al. 1981; Martins and
Sondahl 1984). Neoformation of shoots in the meristems
has been induced by cytokinin (N°® benzylaminopurine,
BAP). The induction of morphogenesis in bean apical
regions has been achieved, through the culture of mature
embryos in high doses of cytokinins, such as kinetin,
zeatin and BAP (McClean and Grafton 1989; Franklin et al.
1991; Malik and Saxena 1992; Mohamed et al. 1992, 1993;
Aragao et al. 1996). Compounds that present cytokinin-like
effects, such as TDZ (thidiazuron) and CPPU (forclhrofenuron)
have also been evaluated (Mohamed et al. 1992).

Although several combinations of hormones, explants
and culture conditions have been used to regenerate somatic
embryos of P. vulgaris (Allavena and Rossetti 1983;
Allavena 1984; Martins and Sondahl 1984; Saunders et al.
1987; Nagl et al. 1997), no plantlets have been success-
fully obtained from the embryoids. In addition, reports on
regeneration via callus are limited in Phaseolus species.
Induction of morphogenic callus has been reported in P.
acutifolius (Kumar et al. 1988; Dillen et al. 1996), P.
coccineus (Genga and Allavena 1991), P. vulgans (Zambre
et al. 1998) and P. polyanthus (Zambre et al. 2001).
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The lack of an efficient regeneration protocol of common
bean has been obstructed the development of efficient trans-
formation systems. Nevertheless, multiple shoot induction, in
association with the biolistic process, allowed recovering
transformed common bean plants with agronomic traits
(Russel et al. 1993; Aragago et al. 1998; Aragao et al.
2002). However, in our experience, for each 30-40 obtained
transgenic lines, one has the potential to be introduced into
a breeding program. Consequently, the development of an
efficient regeneration protocol should accelerate the develop-
ment of transgenic bean varieties with improved agricultural
characteristics. Here we report the development of efficient
regeneration system for common bean.

Materials and Methods

Plant material

Hand harvested mature seeds of the common bean
(Phaseolus vulgaris L.), cv. Olathe Pinto, were soaked in
70% ethanol, stirred for 1 min and surface sterilized in 1%
sodium hypochlorite for 20 min. They were rinsed four times
in sterile distilled water and soaked in distilled water for
16-18 h. The embryonic axes were excised from the seeds
and the primary leaves and radicles were removed.

Plant regeneration and acclimatization

The embryonic axes were cultured on MS medium
supplemented with IAA (0, 0.25, 0.5 and 0.75 mg - L) in
combination with TDZ (0, 0.25, 0.5 and 0.75 mg - L) for
one week in the dark. Then, the axillary regions were
excised, longitudinally cut to split the both sides, and
cultured for two weeks in Petri dishes containing MS
medium supplemented with IAA (0, 0.25, 0.5 and 0.75 mg -
L") in combination with TDZ (0, 0.25, 0.5 and 0.75 mg -
L™"). The explants were positioned with the cut region in
contact with the medium. The explants were transferred to
MS medium containing 1 mg - L' BAP and were cultured
for two weeks for shoot development. The elongated shoots
(1 to 2 cm long) were detached from the callus and cultured
in baby food jars cohtaining MS medium without growth
regulators, and subcultured after every 15 days for rooting.
The jars and Petri dishes were arranged in a randomized
complete block design. All experiments were repeated three
times and each treatment. Each experiment was set up in
three or four repetitions (baby food jars or Petri dishes).
Unless specified, the explants were cultured under a pho-
toperiod of 16 h (50 xmol - m? - s™') at a temperature of 26
+2T.

The rooting plantlets were individually transferred to a
plastic pot containing 0.2 dm® of autoclaved fertilized soil:
vermiculite (1:1), covered with a plastic bag sealed with a
rubber band and maintained in a greenhouse. After one
week, the rubber band was removed. After an additional
week, the plastic bag was also removed. As soon as the
acclimated plantlets reached approximately 10 cm in length
they were transferred to a pot containing 5 dm? of fertilized
soil and allowed to set seeds. The temperature in the green-
house was 25+5C and the relative humidity above 80%.

Light microscope

Explants from all regeneration stages were fixed with FAA
(acetic acid: formaldehyde: ethanol; 1:1:18; v/iv/v) for 24 h at
47, dehydrated in increasing concentrations of ethano! and
embedded in paraplast. Sections were cut at 7 xm, mounted
on glass slides and re-hydrated in a descending ethanol
series. Slides were stained in Johansen’s safranin/fast
green schedule as described (Sylvester and Ruzin 1994).

Microparticles bombardment and GUS
histochemical assay

The bombardment was carried out as described by Aragao
et al. (1996), utilizing a high-pressure helium-driven particle
acceleration device (Sanford et al. 1991). The plasmid vector
pBl426, which contains the gus-neo gene fusion (Datla et al.
1991) driven by a double 35S cauliflower mosaic virus
(CaMV) promoter plus a leader sequence from alfalfa mosaic
virus (AMV), was utilized. The explants were analyzed for
gus gene expression according Jefferson et al. (1987).

Results

Plants regeneration

The effect of several combinations of IAA/TDZ on rege-
neration of the common bean was studied. Embryonic axis
cultivated for one week in the dark presented an albino
elongated phenotype and were transferred to light. After one
week exposed to light, the explants became green (Figure
1a), the axillary regions were excised and transferred to MS
medium containing IAA and TDZ. After one week, a green
callus formation was observed (Figure 1b). The combination
0.25 mg - L' TDZ with 0.25, 0.5 or 0.75 mg - L 1AA pre-
sented a higher green calluses formation and growing. The
green calluses were transferred to MS medium supple-
mented with BAP. After two weeks shoots formatting and
elongating from the green callus were observed (Figure 1c).
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Figure 1. Regeneration of common bean plants. (a) Embryonic
axis cultured for two weeks on MS medium supplemented with
TDZ and IAA. Punctuated lines shown the explants used in the
subsequent culture stages. (b) Green callus formed nine days
after cuftivation of hypocotyl explants on MS medium supple-
mented with TDZ and |AA. The arrow indicates the pre-existing
axillary bud. (c) First shoots regenerating after cultivation for two
weeks on.MS medium supplemented with BAP. (d) Elongating
shoots after two weeks on MS medium without growth regulators.
(e) Rooted plantiet. (f) Acclimatized plant in the green house.

Although the combination of 0.5 mg - L' TDZ/0.5 mg - L™
IAA have presented the higher efficiency in shoot regene-
ration (27 shoot/explant), the combination 0.5 mg - L
TDZ/0.25 mg - L' IAA have shown to render the higher
efficiency in conversion of shoot to plantlets (7 plants/explant)
(Figure 2). Explants cultivated on MS medium supplement
only with IAA were unable to regenerate plantlets (Figure 2).
Eighty percent of the plantlets were able to root when
transferred to MS medium without growth regulators
(Figures 1d and 1e). The establishment of in vitro rooted
plantlets to the soil under greenhouse conditions was achieved
with a frequency of 100%. All regenerated plants presented
a normal phenotype (Figure 1f) and produced viable seeds.

Histological analysis of the regenerating explants

The axiliary regions cultured on MS medium containing
TDZ and IAA were analyzed using light microscopy. After
cultivation for two weeks, explants revealed cell agglomeration
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Figure 2. Effect of IAA (0, 0.25, 0.5 and 0.75 mg - L") in
combination with TDZ on shoots formation and their conversion
into mature plants. Error bars represent standard deviation from
the mean. (n=12).

in the upper sides (Figure 3a). The explants were cut and
transferred to MS medium containing TDZ and IAA. After
three weeks, the explants revealed the formation of de novo
meristematic regions arising from epidermal regions (Figures
3b and 3c). The regenerating explants were then transferred
to BAP and primordial shoots initiated to emerge from both
epidermal and sub-epidermal layers without vascular con-
nection with the explant (Figure 3d). Buds continued to
elongate and differentiate into shoots after explant culti-
vation on MS medium without growth regulators (Figures 3e
and 3f).

Transient gus gene expression

The competence for transformation of both embryonic
axis and hypocotyls-derived explants was evaluated using
the biolistic process. The initial embryonic axes, axillary
regions and green calli were bombarded with the vector
pBl426, containing the gus gene. The explants revealed a
strong gus gene expression 24 hours after the bombard-
ment (Figure 4). However, the embryonic axis revealed a
greater number of biue spots when compared to axillary
regions and green calli (Figure 4a).

Discussion

In this study, fertile plants of P. vulgaris were regenerated
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Figure 3. Histological analysis of the regenerating explants. (a)
Hypocotyls excised from the embryonic axis cultured for two
weeks on MS medium containing TDZ and IAA. (b and c) de
novo meristematic regions formation (arrows) after cultivation for
three weeks on MS medium supplemented with TDZ and IAA. (d
to f) Buds neoformation and elongation after cultivations for two
weeks on MS medium supplemented with BAP. Bars represent
100 yum (ina, b, c,d and f) and 200 zm in e
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Figure 4. Common bean explants expressing of the gus gene 24
h after particle bombardment. (a) Embryonic axes. (b) Axillary
buds. (c) Green callus.
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via organogenesis. This system was generated in order to
be utilized for genetic transformation. The cultivation of
axillary buds on MS medium supplemented with TDZ and
IAA allowed the achievement of new formation of buds,
which were converted in fertile plants. The period of culti-
vation on a combination of TDZ/IAA was crucial for the
achievement of high frequency of green callus formation
and further shoots regeneration. Moreover, the cultivation of
responsive explants on medium supplemented with BAP
was essential for shoot formation, development and sur-
viving. The cytokinin-auxin ratio is known to be critical in
shoot organogenesis and rooting (Nagl et al. 1997; Zambre
et al. 2001; Sugiyama, 1999; Svetleva et al. 2003). Therefore,
the response of the explants to several combinations of
TDZ/IAA ratio was studied. Explants cultivated on MS

medium suppiemented only with IAA were unable to
regenerate. Phaseolus species have been regenerated
combining TDZ and 1AA, such as P. vulgaris, P. accutifolius
and P. polyanthus (Zambre et al. 1998; Zambre et al. 2001).
Nevertheless, for P. vulgaris the frequency of regeneration
was lower and rooted elongated shoots died upon trans-
ference to soil (Zambre et al. 1998). In addition, embryonic
axis of P. vulgaris cv Xan-159 produced green callus that
deteriorated during successive subcultures, and no shoots
were recovered (Zambres et al. 1998). Cruz de Carvalho et
al. (2000) were able to regenerate P. vulgaris cultivating
transverse thin cell layers (tTCL) on MS medium supple-
mented with TDZ, optimizing the frequency of shoot
regeneration. The importance to TDZ for shoot organo-
genesis has also been reported for several other legumi-
nous plants, such as pigeon pea (Eapen et al. 1998; Singh
et al. 2003), chickpea (Bajaj and Dhanju 1979, Malik and
Saxena 1992), lentil (Malik and Saxena 1992), Guar
(Joersbo et al. 1999), peanut (Kanyand et al. 1994; Kanyand
et al. 1997; Akasaka et al. 2000), pea (Bshmer et al. 1995)
and Vigna mungo (Sen and Guha-mukherjee 1998).

The development of shoots, emerging from superficial
layers, and absence of vascular connection to axillary buds
is generally taken as evidence for a de novo shoot
formation (Fakhrai et al. 1989; Pickardt 2003). Although
pre-existing meristematic tissues are present in the original
explants, the histological analysis carried out to determine
the origin of initials buds suggested that the generated
meristems were not formed from pre-existing axillary me-
ristematic region.

Efforts to achieve an efficient methodology for bean
transformation have been obstructed due to the lack of an
efficient tissue culture system to regenerate plants from
transformed cells. The unigue bean transformation system
available is based on the gene bombardment of apical
meristematic cells from mature embryonic axes (for a review
see Nagl et al. 1997 and Svetleva et al. 2003). Nevertheless,
we have been able to achieve transgenic bean plants using
the biolistic process to introduce genes for virus resistance,
herbicide tolerance and improvement of protein quality (Arag
&0 2003). However, the genetic engineering of the common
bean is still not trivial, due to the lack of an efficient regene-
ration system. The results obtained with the transient
expression of the gus gene introduced by the biolistic
process indicated that the explants were adequate for
transformation. The embryonic axes presented the greatest
number of blue spots and were considered more suitable for
plant transformation experiments. In addition, explant trans-
formation in the early regeneration stages might facilitate
the selection and the achievement of transgenic plants.
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The regeneration system described here form the found-
ation for the development of an efficient genetic trans-
formation system for common bean. It may accelerate the
obtain of elite transgenic lines as well as functional gene
studies.
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