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Abstract A protocol for in vitro regeneration via indirect

organogenesis for Phaseolus vulgaris cv. Negro Jamapa

was established. The explants used were apical meristems

and cotyledonary nodes dissected from the embryonic axes

of germinating seeds. Several auxin/cytokinin combina-

tions were tested for callus induction. The best callus

production was obtained with medium containing 1.5 lM

2,4-dichlorophenoxyacetic acid. After 2 weeks of growth

calli were transferred to shooting medium containing

22.2 lM 6-benzylaminopurine. Shoots regenerated with a

frequency of approximately 0.5 shoots per callus, and upon

transfer to rooting medium these shoots produced roots

with 100% efficiency. Histological analyses of the regen-

eration process confirmed the indirect organogenesis

pattern. Greenhouse grown regenerated plants showed

normal development and were fertile. The protocol was

reproducible for other nine P. vulgaris cultivars tested,

suggesting a genotype independent procedure.

Keywords Phaseolus vulgaris L � Common bean �
Indirect organogenesis � Plant regeneration

Abbreviations

AM Apical meristem

BAP 6-Benzylaminopurine

CIM Callus induction medium

CN Cotyledonary node

2,4-D 2,4-Dichlorophenoxyacetic acid

IAA Indole-3-acetic acid

MES 2-(N-Morpholino) ethanesulfonic acid

MS Murashige and Skoog medium

NAA a-naphthaleneacetic acid

PVP-360 Polyvinylpyrrolidone 360,000 molecular

weight

SM Shooting medium

RM Rooting medium

Introduction

Legumes account for 27% of the world’s major crop pro-

duction, with grain legumes providing more than one-third

of humankind nutritional nitrogen requirement. Legumes

are not easily amenable to stable genetic transformation

and hence, protocols for high throughput generation of

transgenic legume plants are not available. In general, the

difficulty for achieving efficient genetic transformation of

legumes is related to their low responsiveness for in vitro

regeneration. The best approach for obtaining stable

transgenic legumes has been through indirect in vitro

regeneration, defined as the induction of regenerative

somatic embryos or shoots from morphogenetic calli.

Common bean, Phaseolus vulgaris L., is the most

important grain legume for human consumption in the

world. This and other species from the Phaseolus genus, are

recalcitrant for in vitro regeneration and for genetic trans-

formation (Broughton et al. 2003). Although many

protocols for in vitro regeneration of P. vulgaris have been

reported (reviewed by Nagl et al. 1997), most of these are

based on direct organogenesis or shoot development from
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meristematic cells. More recently, Santalla et al. (1998)

reported the regeneration through direct organogenesis of 10

P. vulgaris elite cultivars and seven P. coccineus landraces

from cotyledons with a small portion of the split embryonic

axes. Cruz de Carvalho et al. (2000) achieved a high fre-

quency direct regeneration protocol, using traverse thin cell

layers, derived from 14-days-old plantlets of P. vulgaris cv

Carioca. Delgado-Sánchez et al. (2006) established a

procedure for efficient regeneration of two commercial

cultivars of P. vulgaris through direct organogenesis from

embryonic axes derived from mature seeds. Zambre et al.

(2001) reported the indirect regeneration, from apical and

axillary buds from mature plants and from cotyledons and

embryonic axes obtained from in vitro germinated seeds, of

several P. polyanthus cultivars, a species phyllogenetically

close related to P. vulgaris. To our knowledge there are only

two reports on indirect regeneration of Phaseolus vulgaris.

Mohamed et al. (1993) tried the in vitro indirect regenera-

tion from morphogenetic calli of 5 different P. vulgaris

cultivars but only succeeded with the Tara and Xan-159

cultivars that are hybrids obtained by crossing P. acutifolius

x P. vulgaris. Moreover their results could not be reproduced

by Zambre et al. (1998). The second report was from

Zambre et al. (1998) who obtained fertile P. vulgaris plants

through indirect organogenesis and in vitro shoot regener-

ation of the inbred line Xan159; their results are highly

dependent on the cultivar used.

A protocol for obtaining P. vulgaris fertile transgenic

plants through the biolistic method, albeit with a very low

efficiency, has been reported (Rech et al. 2008). However,

the only successful procedure for regeneration of transgenic

plants via Agrobacterium mediated transformation for a

Phaseolus species was reported by Dillen et al. (1997) this

was achieved for P. acutifolius using an indirect regeneration

method coupled to A. tumefaciens genetic transformation.

Since the only two reported protocols for indirect

regeneration of P. vulgaris are genotype dependent

(Mohamed et al. 1993; Zambre et al. 1998), the aim of this

work was to establish a method for in vitro regeneration

via indirect organogenesis of different P. vulgaris cultivars.

We describe a protocol for morphogenetic callus induction

from apical meristems and cotyledonary nodes obtained

from embryonic axes and their regeneration into fertile

plants. This protocol is highly reproducible for ten different

P. vulgaris cultivars of both Mesoamerican and Andean

origin.

Materials and methods

Plant materials

Phaseolus vulgaris cultivars belonging to both Meso-

american and Andean genotypes used in the present study

are listed in Table 1. Plants derived from various bean

cultivars were grown in the greenhouse for multiplication.

Callus induction

Bean seeds were surface sterilized in the neutral detergent

Hyclin-plus (HYCEL, Mexico DF, Mexico) for 1 min, then

in 70% (v/v) ethanol for 1 min and in 10% (v/v) com-

mercial bleach for 10 min. Finally seeds were rinsed four

times with sterile distilled water, allowing 5 min for each

rinse. Sterile seeds were germinated in 16 h light/8 h dark

for 22–24 h over a wet sterile filter paper in a growth

chamber maintained at 25�C. Subsequently from these

germinating seeds embryo axes were separated from coty-

ledons and further grown in liquid MS medium (Murashige

and Skoog 1962) containing B5 vitamins (Gamborg et al.

Table 1 Phaseolus vulgaris cultivars

Cultivar CIATa accession number Origin Growth habit Seed colour

BAT93 G51294 Mesoamerican Bush-Indb Cream

Cardinal G23383 Andean Bush-Detc Cream-red

Carioca G4017 Mesoamerican Postrate-Ind Cream-brown

Fleet Wood G17427 Mesoamerican Bush-Det White

Kentucky Wonder G148 Mesoamerican Postrate-Ind Brown

Montcalm G6416 Andean Bush-Det Red

Negro Jamapa G1820 Mesoamerican Bush-Ind Black

Olathe G18350 Mesoamerican Bush-Ind Cream-brown

Othello G22210 Mesoamerican Bush-Ind Cream-brown

Pinto G4449 Mesoamerican Postrate-Ind Cream-brown

a Centro Internacional de Agricultura Tropical
b Indeterminate
c Determinate
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1968), 3% (w/v) sucrose, 22.2 lM 6-benzylaminopurine

(BAP), 0.5 mM 2-(N-Morpholino) ethanesulfonic acid

(MES), and 0.5 g l-1 polyvinylpyrrolidone 360,000

molecular weight (PVP-360; Sigma, St. Louis MO, USA)

for another 22–24 h. After the completion of incubation,

three different explants were dissected from the embryonic

axes under the stereomicroscope, namely the shoot apical

meristem (0.5–1.0 mm) region (AM) that includes part of

the epicotyl without plumule, the cotyledonary node region

(1.0–1.5 mm) (CN) and the hypocotyl region (1.0–1.5 mm)

devoid of primary root, and used for callus induction.

Cotyledons were also used for callus induction.

Callus induction medium (CIM), contained N6 macro-

nutrient salts (Chu et al. 1975), MS micronutrient salts, B5

vitamins, 0.1 g l-1 myo-inositol, 3% (w/v) sucrose,

0.5 mM MES, 7 g l-1 agar type A (Sigma, St. Louis MO,

USA), 0.5 g l-1 PVP-360 (pH 5.7 ± 0.1) together with

various combinations of auxins and cytokinins. For dif-

ferent experimental trials CIM was supplemented with: 0,

1, 1.5 or 2 lM indole-3-acetic acid (IAA), 2,4-dichloro-

phenoxyacetic acid (2,4-D) or a-naphthaleneacetic acid

(NAA) in combination with: 0, 1, 10 or 20 lM BAP or

thidiazuron. To determine the best auxin cytokinin com-

bination and the best explant type for callus induction, 3

callus induction experiments were carried out for each

auxin/cytokinin combination. Each experiment consisted of

16 different treatments with 4 flasks (baby food jars) per

treatment, and 5 explants of each type: AM, CN, cotyle-

dons and hypocotyls per flask. All the explants were

cultivated 4 weeks on CIM in a growth chamber at 24�C

and 16 h light/8 h dark photoperiod provided by cold

fluorescent lamps (54 lmol m2 s-1). Effect of different

auxin/cytokinin combinations on callus growth was eval-

uated based on the fresh weight, the appearance and the

consistence of calli produced in each treatment.

Shoot regeneration and rooting

After 1, 2, 3 or 4 weeks of callus induction on CIM media,

only well developed calli were transferred to shooting

medium (SM) based in MS macro and micro elements, B5

vitamins, 3% (w/v) sucrose, 0.5 mM MES, and 0.5 g l-1

PVP-360, and supplemented with 22.2 lM BAP or

10.0 lM thidiazuron. The number of well developed shoots

(stem with leaves 1.0–2.0 cm long) regenerated per callus

was evaluated after 4 weeks of incubation on SM. Buds or

shoot buds like structures were not considered for scoring.

The regenerated shoots were transferred for 2–4 weeks to

rooting medium (RM) that contained MS macro and

micronutrient salts, B5 vitamins and 7 g l-1 agar,

0.444 lM BAP and 0.054 lM NAA, pH 5.7 ± 0.1.

Plantlets with well-developed root system were transferred

to pots with vermiculite and covered with plastic bags to

maintain good humidity conditions. These were cultured in

growth chambers with controlled conditions (24�C and

16 h light/8 h dark photoperiod) for 1–2 weeks. After this

adaptation period regenerated plants were grown in the

greenhouse until seed production.

Histological analysis

For this study, 220 samples of each type of explant (AM

and CN) were prepared and incubated on CIM supple-

mented with 2,4-D 1.5 lM (CIM1.5D), under the

conditions described above. For analysis of the de-differ-

entiation process, 10 samples of each type of explant were

collected daily from 0 to 7 days and weekly until the 3rd

week. For analysis of the morphogenetic process the

remaining samples were transferred to SM supplemented

with 22.2 lM of BAP (SM5B) at 7, 14 and 21 days. Ten

samples of the calli transferred at each time were collected

after 1, 2, 3 and 4 weeks.

Tissue samples were fixed in 3% (v/v) glutaraldehyde

and 1.5% (v/v) paraformaldehyde in phosphate buffer (pH

7.2) for 24 h. Fixed tissues were gradually dehydrated in

ethanol and xylol/Paraplast (Oxford Labware, St. Louis

MO USA) series and finally embedded in Paraplast (Trepp

et al. 1999). Embedded tissues were sequentially sectioned

(8–10 lM) with a microtome, mounted on glass slides and

stained with 1% (w/v) safranin in 50% (v/v) ethanol and

finally mounted with Permount (Fisher Scientific, Fair

Lawn NJ, USA) Observations and photomicroscopy were

performed under brightfield optics using Axioskop 2

microscope (Zeiss).

Statistical analysis

The statistical analysis of callus induction experiments was

carried out by two way 4 9 3 factorial ANOVA for inde-

pendent samples. Fresh weight data of each type of explant

from 3 independent experiments, each experiment with 3

culture flasks with 5 explants each, were recorded after

4 weeks of incubation in CIM1.5D. The critical values for

the Tukey absolute difference between any two means

(HSD) was obtained and used to calculate the least sig-

nificant difference (LSD) of each mean pair. The LSD was

obtained separately for each type of explant (AM and CN)

(Table 2).

The statistical analysis of morphogenetic calli formation

and of shoot regeneration was carried out by two way

ANOVA for independent samples. Data coming from 4

independent experiments, each experiment with 20 or 30

AM or CN explants from each of the 10 tested cultivars

incubated for 2 weeks in CIM1.5D, were analysed. The

critical values for HSD Tukey test were obtained and the

LSD of each mean pair between both, the type of explant
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(AM and CN) and the different cultivars, were calculated

(Table 3). The number of shoots formed per callus

(Table 3) were considered only from those shoots that

developed a root system in RM.

Results and discussion

Shoot regeneration from calli induced from AM

and CN explants of Negro Jamapa cultivar

The first objective towards the establishment of an indirect

in vitro regeneration protocol for the bean cultivar Negro

Jamapa was to develop an optimal medium for the induc-

tion of morphogenetic calli. A total of 96 different

combinations of auxin and cytokinin were tried in CIM for

achieving callus induction from various explants (AM, CN,

hypocotyls and cotyledons). The calli formed with different

combinations of phytohormones in CIM were transferred,

after 1, 2, 3 or 4 weeks, to SM and were evaluated for their

shoot induction capacity.

We observed that the auxin supplemented CIM prepared

with N6 macronutrient salts facilitated the development of

morphogenetic-competent calli. On the other hand, calli

formed on MS or B5 macronutrient salts, instead of N6 did

not show the morphogenetic capability of N6 macronutri-

ents for regeneration. We also noted that if PVP-360 was

omitted from CIM or from SM, calli rapidly turned dark

brown, and concomitantly lost the ability to regenerate.

The presence of an auxin in CIM was found to be essential

Table 2 Effect of BAP and 2,4-D on calli induction from AM and CN explants of Negro Jamapa 81 cultivar

BAP (lM) Explant 2,4-D (lM)

1 1.5 2

Calli fresh weight (g) (4 weeks)

0 AM 0.274 (±0.07)ac 0.235 (–0.12)ac 0.308 (–0.15)ac

0 CN 0.465 (±0.1)ac 0.508 (–0.16)ac 0.726 (–0.19)ac

0.1 AM 0.296 (±0.21)ac 0.304 (–0.14)ac 0.463 (–0.09)ac

0.1 CN 0.55 (±0.06)ac 0.629 (–0.12)ac 0.648 (–0.16)ac

10 AM 0.71 (±0.5)ac 1.598 (±0.76)bd 0.974 (±0.59)ac

10 CN 0.802 (±0.44)ac 1.385 (0.57)bc 1.238 (±0.78)ac

20 AM 0.547 (±0.19)ac 0.795 (±0.25)ac 0.824 (±0.22)ac

20 CN 0.697 (±0.13)ac 0.961 (±0.19)ac 0.928 (±0.2)ac

Values represent average fresh weight (±SE) from three independent experiments (3 flasks with 5 explants each one). Treatments that gave the

best results of morphogenetic calli induction are highlighted in bold

Different letters in a column (a–b) or in a row (c–d) indicate a significant difference at P B 0.05 according to HSD Tukey’s test

Table 3 Morphogenetic calli frequency and shoot regeneration capability of different P. vulgaris cultivars

Morphogenetic calli frequency (%) Number of shoots per callus

Cultivar AM (SE) CN (SE) AM (SE) CN (SE)

Negro Jamapa 52 (±17)ac 43 (±16)ac 0.41 (±0.07)ad 0.49 (±0.26)ac

Carioca 56 (±22)ac 11 (±3)bde 0.64 (±0.16)ac 0.08 (±0.03)bd

Olathe 54 (±12)ac 20 (±8)bd 0.59 (±0.08)ac 0.14 (±0.05)bd

Cardinal 41 (±7)acd 14 (±6)ade 0.51 (±0.04)acd 0.07 (±0.03)bd

Othello 45 (±6)ac 11 (±5)bde 0.49 (±0.04)acd 0.16 (±0.03)bd

Kentucky Wonder 49 (±20)ac 10 (±2)bde 0.48 (±0.15)acd 0.07 (±0.02)bd

Pinto 41 (±16)acd 10 (±4)ade 0.38 (±0.14)ad 0.05 (±0.03)bd

BAT93 49 (±23)ac 3 (±2)be 0.37 (±0.19)ad 0.07 (±0.04)ad

Montcalm 28 (±12)ade 14 (±3)ade 0.26 (±0.09)ade 0.08 (±0.02)ad

Fleet Wood 13 (±5)ae 9 (±3)ade 0.16 (±0.03)ae 0.05 (±0.02)ad

Values represent the percentage of morphogenetic calli frequency (±SE) and the average of the total number of shoots formed per calli (±SE)

after 4 weeks on SIM5B. One hundred calli from four independent experiments were evaluated for each cultivar

Different letters in a row (a–b) or in a column (c–e) indicate a significant difference between explants (AM and NC) or between cultivars,

respectively, at P B 0.05 according to HSD Tukey’s test
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for calli induction since no callus was developed on media

without auxin. In most of the treatments that included IAA

or NAA calli developed only after a long incubation

(4 weeks) in CIM, but these were very small, compact and

brown in colour. These calli were not morphogenic since

no shoots developed when transferred to SM.

The best results for morphogenetic calli induction were

obtained from AM and CN explants. Though hypocotyl

explants produced a good amount of friable calli these were

unable to regenerate any shoots, although regeneration of a

considerable amount of adventitious roots on SMB5 was

observed. The cotyledon explants produced calli in only

one of the auxin/cytokinin combinations tested and these

were not morphogenetic.

Based on the previous report from Mohamed et al.

(1993) about the indirect regeneration of two inbred lines

of P. vulgaris we included IAA/thidiazuron combinations

added to CIM, however we did not observe any shoot

formation from these calli. In agreement, Zambre et al.

(1998) had reported that the results from Mohamed et al.

(1993) were not reproducible in their conditions. Our best

results of morphogenetic calli induction from AM and CN

explants (Fig. 1a and i) were using CIM plus a 2,4-D/BAP

combination. In these treatments calli were formed very

Fig. 1 Indirect organogenesis from AM and CN explants of cv.

Negro Jamapa. (a) Dissected shoot apical meristem region (AM) used

as explant (time cero) (109). (b) AM in de-differentiation process

after 3 days in CIM1.5D (109). (c) Friable callus development in

CIM1.5D after 2 weeks (29). (d) Shoots buds regenerated from calli

cultured in SM5B after 2 weeks (29). (e–h) Histological character-

ization of tissues shown in (a–d), respectively. (e) Longitudinal

section of intact AM explant showing the dome (dm) and leaf

primordia (lp) (209). (f) Longitudinal section of shoot apical

meristems at initial de-differentiation process (3 days in CIM1.5D)

showing axillary shoot buds (asb) and dome (dm (209). (g) Callus

section showing parenchymatic (p) and meristematic cells (m) (59).

(h) Morphogenetic changes in callus after 2 weeks in SM5B, showing

typical development of single bud meristemoids (me) close to the

surface of the callus (259). (i) Dissected cotyledonary node (CN)

used as explant (time cero) (59). (j) Compact callus developed on

CIM1.5D after 2 weeks (29). (k) Initial re-differentiation of callus

showing shoot buds after 1 week in SM5B. (l) Developed shoot buds

derived from organogenic callus in SM5B after 2 weeks (29). (m–p)

Histological characterization of tissues shown in (i–l), respectively.

(m) Transversal section of intact CN explant showing epidermis (e),

cortex (c) and pith (p) consisting of parenchymatous cells separated

by vascular cylinder (v) (159). (n) Callus section showing paren-

chymatic (p) and meristematic (m) cells (109). (o) Shoot buds (sb)

regenerated by indirect organogenesis after 1 week in SM5B. (p)

Detail of an adventitious shoot bud (sb) showing its attachment to the

callus through vascular system (arrows) (259)
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fast during the 1st week of culture. The data of calli fresh

weight recorded at the 4th week of culture are shown in

Table 2. The statistical analysis showed that there were

some significant differences among the fresh weight of

calli from different 2,4-D/BAP combinations (Table 2), but

there were not significant differences between treatments

that gave morphogenetic calli. Interestingly, we noted that

although the treatments with higher 2,4-D/BAP concen-

trations induced heavier calli (Table 2) most of these were

not morphogenetic since no shoot formation was observed.

The more responsive morphogenetic calli formation was

observed in CIM with 1.5 or 2 lM 2,4-D alone or in

combination with a maximum of 0.1 lM BAP (Table 2).

Figure 1c and j show representative calli induced from AM

or NC, respectively, in CIM1.5D. These calli were medium

sized, with creamy-light green colour and were friable. The

frequency of morphogenetic calli formation in CIM1.5D

ranged from 43% to 52% (Table 3).

In agreement with the finding of Malik and Saxena

(1992), the best response for shoot regeneration from calli

was observed in SM supplemented with 22.2 lM BAP

(SM5B). Figure 1d, k and l show representative organo-

genic calli formed in CIM1.5D in which bud development

and shoot regeneration was clearly observed after 2 weeks

of culture in SM5B. We observed that calli transferred to

SM containing 10.0 lM thidiazuron developed only

multiple shoot bud-like structures, but none of these

structures developed into shoots. The shoot regeneration

capability of the Negro Jamapa cultivar averaged around

one shoot per every two calli derived from AM or CN

explants regarding to the total amount of calli obtained on

CIM1.5D (Table 3), even though occasionally up to 3

shoots developed from a single callus.

Shoots formed on SM5B were transferred to RM for

root development. Our results indicated that the best root

promotion was obtained when 1.0–2.0 cm long induced

shoots were cut with a very small part (0.5–1.0 mm) of the

parental callus, before transferring to RM. Our interpreta-

tion is that in this way the damage of the basal part of the

regenerated shoot stem was minimized. We observed that

all the shoots transferred to RM without growth regulators

(Fig. 2a) or with 0.444 lM BAP and 0.054 lM NAA

(Fig. 2b) developed roots. The addition of phytohormones

(BAP and NAA) to RM was more effective for root

induction, since roots developed earlier and were promi-

nent than in the RM alone (Fig. 2b). In agreement, similar

RM with phytohormones was successfully used by Pigeaire

et al. (1997) as a rooting and propagation medium for

Lupinus angustifolius. The high rooting efficiency obtained

with Negro Jamapa contrasts with the poor in vitro rooting

observed in plantlets of P. vulgaris Xan-159 cultivar

reported by Zambre et al. (1998).

Fig. 2 Rooting and greenhouse

adaptation of regenerated plants

of different bean cultivars. (a)

Rooted shoot from AM of

Negro Jamapa cultivar on RM

without growth regulators. (b)

Rooted shoot from AM of

Negro Jamapa cultivar on RM

with 0.444 lM BAP and

0.054 lM NAA. (c–d) Fertile

plants of two different cultivars

showing well developed pods

after 8 weeks in greenhouse.

(c): Negro Jamapa. (d): Carioca
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Plantlets with a well developed root system (Fig. 2a and

b) were transferred, after 2–4 weeks, from RM to plastic

pots with sterile vermiculite. The planted pots were cov-

ered with plastic bags and incubated in growth chambers

under controlled environmental conditions for 1–2 weeks

prior to transferring them to greenhouse. Regenerated

plants grown in greenhouses showed normal development

and were fertile (Fig. 2c and d), producing from 7 to 12

pods with 6 to 7 seeds each one.

Indirect organogenesis capacity of 10 different

P. vulgaris cultivars

It is known that the in vitro regeneration and the genetic

transformation of Phaseolus is highly genotype dependent

(Zambre et al. 2005). Another objective of our work was to

establish a protocol for indirect regeneration of P. vulgaris

that could be genotype independent, therefore allowing its

application to agronomically important cultivars. Based in

the described protocol for indirect regeneration of Negro

Jamapa cultivar, we tested other 9 P. vulgaris cultivars that

included 7 cultivars of Mesoamerican and 2 cultivars of

Andean origin with diverse growth habit and seed colours

(Table 1). For the experiments with these cultivars the four

2,4-D/BAP combinations added to CIM that are high-

lighted in Table 2 were tested. Similar as for Negro Jamapa

cultivar, best results for morphogenetic calli induction for

the other cultivars were obtained with CIM1.5D. Calli from

AM and CN explants from all the cultivars tested showed

shoot regeneration (Table 3). The frequency of morpho-

genetic calli formation varied among the tested cultivars,

showing higher percentage frequency when AM explants

were used (Table 3). Statistical analysis indicated signifi-

cant differences in number of shoots formed per calli

among the explants used (AM vs. CN) and the different

cultivars (Table 3). The best regeneration capability was

observed for the Carioca cultivar followed by Olathe and

Cardinal using the AM explant (Table 3). The shoots

regenerated from explants of the different cultivars were

transferred to RM for root development followed by

transference to plastic pots and greenhouse adaptation.

Plants regenerated from every cultivar produced normal

pods and seeds (Fig. 2c and d).

Histological analysis

Histological analyses of the tissue from different stages of

the regeneration process was performed in order to delin-

eate the pattern of indirect organogenesis in Negro Jamapa

(Fig. 1e–h and m–p). At time cero, longitudinal sections of

AM explant showed a typical arrangement of dicotyle-

donous shoot apical meristem with dome and leaf

primordia (Fig. 1e). The transversal section of CN at time

cero showed an unstratified epidermis and a large paren-

chymatous pith in the centre surrounded by a ring of

discrete vascular bundles with a narrow external cortex

(Fig. 1m), typical structures for dicotyledonous plants.

Upon cultivation in CIM1.5D the morphology of the AM

and NC explants changed, starting with swelling of the

explants and subsequent calli formation, that started during

the 1st week and continued until the 3rd week of culture

(Fig. 1b, c and j). Within the 1st week it was possible to

observe preexisting meristematic cells confined to the

axillary shoot bud region (Fig. 1f), which clearly differ

from meristemoids originated after the de-differentiation

process (Fig. 1g, h and n–p). Micrographs of calli at the

2nd week revealed clearly cell de-differentiation with

parenchymatic and meristematic cell types not connected

Fig. 3 Protocol for indirect regeneration of common bean P. vulgaris
L. This protocol is effective for the 10 P. vulgaris cultivars shown in

Table 1
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to preexisting organized structures (Fig. 1g and n). After

14 days on SM5B, de novo meristemoid structures and

unipolar adventitious buds connected to the parental tissue

through vascular bundles were observed (Fig. 1h, o and p).

These results clearly demonstrate the regeneration via

indirect organogenesis. Malik and Saxena (1992) also

reported a similar developmental pattern during in vitro

indirect regeneration in four Phaseolus species.

The efficient protocol reported here, is summarized in

the Fig. 3. With this protocol we have achieved regenera-

tion of plants from ten different P. vulgaris cultivars via

indirect organogenesis. We consider that the use of N6

macronutrient salts and PVP-360, that have not been used

as part of media for common bean regeneration, were

important factors for the successful formation of morpho-

genetic calli. Although the regeneration frequency that we

report is low it could be improved in the future, and the

values obtained are in the range of the results obtained

previously by Mohamed et al. (1993) and Zambre et al.

(1998). Our protocol shows the advantage of being appli-

cable to ten different cultivars and therefore it may be

genotype independent. It should be noted that Dillen et al.

(1997) achieved Agrobacterium-mediated genetic trans-

formation of P. acutifolius coupled to an indirect

organogenesis protocol with low regeneration efficiency,

similar to what we report. In addition, the reports dealing

with direct organogenesis and high regeneration frequency

had not been successful for genetic transformation of

common bean via Agrobacterium. Therefore the procedure

that we report opens the possibility for future improvement

of regeneration frequency, and may be the basis for

establishing a procedure for P. vulgaris Agrobacterium-

mediated genetic transformation.
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