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Abstract. Plant regeneration has been achieved in two common bean lines from pedicel-derived callus that was
separated from the explant and maintained through successive subcultures. Callus was induced either on B or MS
medium containing 2% sucrose and enriched with 0.5 or 1.0 mg thidiaznron/liter alone or plus various concentrations
of indoleacetic acid. The presence of 0.07 or 0.14 g ascorbic acid/liter in the maintenance media prolonged the
maintenance time. Up to 40 shoot primordia were observed in 4-week-old cultures obtained from 40 to 50 mg callus
tissues on shoot-induction medium containing 1-mg benzyladenine/liter. These shoot primordia developed two to five
excisable shoots (>0.5 cm) on medium with 0.1-mg BA/liter. A histological study confirmed the organogenic nature
of regeneration from the callus tissues. The R, line from a selected variant plant showed stable expression of increased
plant height and earlier maturity. Chemical names used: ascorbic acid, N- (phenylmethyl)-1H-pnrin-6-amine [benzyl-

adenine, BA], 1H-indole-3-acetic acid (IAA), N- phenyl-N’-1,2,3-thiadiazol-5-ylurea [thidiazuron, TDZ].

Large-seeded legumes are difficult to regenerate from callus
cultures. However, much progress has been made recently with
soybean [Glycine max (L.) Merrill] (Barwale et al., 1986; Ghazi
et al., 1986; Ranch et al., 1985) and with pea (Pisum sativum
L) (Kysely et al,, 1987). Common bean, the most economi-
cally important Phaseolus species, has not been responsive to
these procedures and is considered recalcitrant (Angelini and
Allavena, 1989; Angelini et al., 1990). Kumar et al. (1988)
regenerated plants from cell suspension Culture from leaf-de-
rived callus in P. acutifolius A. Gray, and Angelini and Allav-
ena (1989) regenerated plants from immature cotyledons of P.
coccineus L. Tissue culture studies with P. vulgaris have been
confined primarily to meristem culture (Kartha et al., 1981),
propagation via axillary shoot proliferation from shoot tips (Saam
et al., 1987), shoot regeneration from excised leaf petioles (Ma-
lik and Saxena, 1991), cotyledonary explants (Mohamed et al.,
1991) or embryonic axis cultures (Mohamed et al. 1992a), and
direct shoot organogenesis on seedling nodes in the absence
(McClean and Grafton, 1989; Mohamed et al., 1992b) or in the
presence (Franklin et al., 1991) of axillary meristems.

There are no previous reports on shoot morphogenesis from
callus tissues in common bean. This method of tissue culture
for plant regeneration can lead to somaclonal changes (Evans
and Bravo, 1986; Larkin and Scowcroft, 1981) that may give
rise to useful genetic variants (Bajaj, 1990; Larkin and Scow-
croft, 1981). The method can thus broaden the genetic varia-
bility available for plant breeders and offer new approaches to
improve crop species via in vitro selection.
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The objective of this study was to explore and develop meth-
ods for consistent shoot morphogenesis and plant regeneration
from callus cultures of common bean.

Materials and Methods

Four Great Northern (GN) beans (‘Beryl’, ‘Harris’, ‘Star-
light’, and ‘Tara’) and one breeding line (Xan-159, CIAT) were
used. Seeds from these lines were planted in 20-cm clay pots
containing 1.8 liters of soil mixture [1 soil : 1 sand : 5 sphagnum
peat : 5 vermiculite (by volume) on 20 Mar. and 12 Sept. 1990.
The bean lines at both planting dates were arranged in random-
ized complete blocks and replicated four times. Plants were
grown in the greenhouse under the existing photoperiods in Lin-
coln, Neb. (40°51'N lat.). The greenhouse was maintained at
= 25/20C (day/night). The growing plants were fertilized weekly
with 200 ppm N supplied from a 6N-6.4P-13.6K fertilizer.

In vitro study. Hypocotyls, epicotyls, and cotyledonary leaves
were excised from 7-day-old seedlings. Shoot tips (1 to 1.5 cm)
and unopened green flower buds (2 to 3 mm) were collected 15
and 30 days after planting, respectively. Explants were surface-
sterilized by soaking for 1 to 2 min in 70% ethanol, then for
10 min in 0.75% NaOCl solution plus two to three drops Tween-
20 (Sigma, St. Louis) per 100 ml. Explants were rinsed three
times with sterile deionized water. Hypocotyls and epicotyls
were cut into 2- to 3-mm-long segments. Leaf explants were
cut into 3 mm’pieces. The flower buds (2 to 3 mm) were
removed and the remaining pedicel tissues were used for cul-
ture.

Explants from the various sources were placed into 100 X
15 mm disposable petri dishes containing 25 ml of nutrient
medium solidified with 0.6% agar (Difco Labs, Detroit). The
nutrient medium contained the salts and vitamins of either B,
(Gamborg et al., 1968) or MS (Murashige and Skoog, 1962).
Each medium was used at two concentrations (w/v) of sucrose
(2% and 4%) alone or with TDZ (0.5 and 1 mgliter"). TDZ
was supplemented from stock solution containing 0.2 mg TDZ/
ml dissolved in 1/4 N KOH. The pH of these media was adjusted
to 5.7 with HCl or KOH before autoclaving at 121C and 120
kPa for 20 min. IAA was filter-sterilized and added to the au-
toclaved media at the following concentrations: 0, 0.125, 0.25,
or 0.5 mg-liter' to media containing 0.5 mg TDZ/liter; 0, 0.25,
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0.5, or 1 mgliter' to media containing TDZ at 1 mg-liter’.
Tissue cultures were initially incubated for a week at 25C in
darkness and then placed for five additional weeks under cool-
white light (25 pmol'm®s' 16 h-day') from fluorescent
lamps.

Percentages of explants forming proliferative viable callus
and the color and texture of callus tissues were determined 6
weeks after culture of explants. Since proliferative and viable
callus was obtained only from pedicel explants of GN ‘Tara’
and Xan-159 on B,and MS media containing 2% sucrose, callus
was increased from these treatments only. Callus tissues were
separated from the pedicel explants and subcultured (40 to 50
mg) on fresh corresponding callus induction medium. Four weeks
later, pieces (40 to 50 mg) from the proliferative callus tissues
of the first passage (subculture) were selected at random to
represent the various treatments of IAA/TDZ supplements within
each nutrient medium (B, and MS) and bean line (GN ‘Tara’
and Xan-159) and then placed on maintenance medium or used
in shoot induction experiments. Due to the higher weight of
green viable callus in the first passage on media containing
(mg-liter") 0.25 IAA + 0.5 TDZ for Xan-159 and 0.5 1AA
+ 1 TDZ for GN ‘Tara’ than the other IAA/TDZ media (data
not shown), these treatments were chosen for callus mainte-
nance. Filter-sterilized ascorbic acid (adjusted to pH 5.7), which
was beneficial for long-term tobacco callus maintenance as well
as for young tissue lines (Joy-Iv et al., 1988), was added (O,
0.07, and 0.14 g-liter’) to the autoclaved callus maintenance
media. Callus tissues for maintenance were serially subcultured
once every 4 weeks to fresh medium of the same composition.

Callus pieces for shoot induction were placed on the corre-
sponding type of nutrient medium (B,or MS) containing 2%
sucrose and supplemented with 1 mg BA/liter or 0.05 mg TDZ/
liter. Basal media without BA and TDZ supplements were used
as controls. The experiments on shoot morphogenesis were con-
ducted using the first and the fifth passage calli. Callus tissues
of the fifth passage were from maintenance medium containing
ascorbic acid, since callus tissues were maintained for only three
to four subcultures on medium lacking ascorbic acid. Separate
experiments were conducted for each bean line (GN ‘Tara’ and
Xan-159) with the proliferating callus of the first and the fifth
passages. The treatments in each experiment were arranged as
split-plot in a randomized complete-block design with four rep-
licates. The replication used throughout the various stages of in
vitro study was the same as those used for seed planting in the
greenhouse. Nutrient media B,and MS represented the whole
plots. The subplot treatments were the supplements BA and
TDZ, in addition to the control. Each subplot experimental unit
consisted of four baby food jars (two callus pieces per jar).

Tissues developing shoot primordia after 4 weeks on the shoot
induction media were divided into pieces having three to four
shoot primordia. Differentiated tissues from media without BA
and TDZ were transferred to the same fresh basal mediun. Dif-
ferentiated tissues from media containing BA or TDZ were
transferred to fresh corresponding nutrient medium containing
one-tenth the concentration of BA or TDZ used for induction
of shoot morphogenesis (i.., 0.1 mg BA/liter or 0.005 mg
TDZiter). After 5 to 6 weeks, individual shoots (>5 mm) were
separated and transferred to medium without BA or TDZ for
rooting and elongation. Number of shoot primordia, elongated
shoots (> 0.5 cm), and plantlets produced from 40 to 50 mg of
callus tissues were determined.

The regenerated plantlets (3 to 4 cm) were transplanted into
small plastic pots containing 100 ml of sphagnum peat and kept
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in a mist chamber for 7 to 12 days. Established plantlets were
transferred to clay pots containing 1.8 liters of 1 soil : 1 sand
: 5 sphagnum peat : 5 vermiculite (by volume) mixture and then
moved to the greenhouse.

Histological study. Samples of callus tissues were collected
after 6 weeks of culturing explants on callus induction media.
Also, calli were sampled following each subculture on main-
tenance media. Callus cultures on regeneration media were re-
moved at weekly intervals. All selected samples were immediately
fixed in FAA: 100% ethanol/glacial acetic acid/40% formalin
(10/12, + 7 parts of water, by volume). Following dehydration
in an ethanol/Hemo-De series, the material was infiltrated and
embedded in paraplast. Microtome sections were cut 15 pm
thick, mounted on glass slides, dewaxed in Hemo-De, and re-
hydrated in a descending ethanol series. Sections were stained
with safranin 0 overnight ( =15 h) and then in fast green for 2
to 3 sec.

Variant plant evaluation. A total of 28 and 44 tissue culture-
derived plants (R)) from GN ‘Tara’ and Xan-159, respectively,
were grown in the greenhouse. All R plants were self-pollinated
to produce R, seeds. Samples of seeds from the original explant
source were grown at the same time and the plants were also
selfed (S,). R, plants were observed for variability among
progenies and within each progeny. Two variant plants based
on plant height (centimeters) were selfed to produce R,seeds.
S,seeds were also produced. The two R,progenies along with
S,plants (control) were evaluated in a greenhouse experiment
(started 18 Sept. 1991) using a randomized complete-block de-
sign with three replicates. Each replicate consisted of 20 seeds
from each progeny. Data were collected for plant height (cen-
timeters), days to flowering and maturity, flower color, and dry
seed color and size (grams).

Statistical analysis. Separate and combined analyses of var-
iance of the data from the two planting dates were performed
using the general linear models (GLM) procedure of the SAS
statistical package (SAS Institute, 1982). Least significant dif-
ference (LSD) values for various mean comparisons were cal-
culated (Gomez and Gomez, 198.4).

Results

In vitro study. Hypocotyl, epicotyl, and leaf segments on B,
or MS medium with 2% or 4% sucrose but lacking TDZ and
TIAA/TDZ died 10 to 15 days after culture. Shoot tips placed on
the same media developed single plantlets 3 to 4 weeks after
culture, while pedicel explants formed only roots. In the pres-
ence of TDZ or IAA + TDZ, hypocotyl, epicotyl, and leaf
explants expanded and increased rapidly in size during the first
2 weeks in culture but, 2 weeks later, tissues either died or
developed little callus that turned brown and died. Cultures of
shoot tips on media with TDZ and IAA + TDZ developed
multiple shoots in the form of rosettes. Yellow, loose callus was
also induced on the basal cut surface of the shoot tips. The
callus tissues from shoot tip explants deteriorated and died within
the 6 weeks of the primary culture period.

Eleven to 56% of pedicel explants from GN ‘Tara’ and Xan-
159 developed compact green nodular callus that proliferated
and remained viable through successive subcultures. Callus was
initiated from the terminal and basal regions of the pedicel 4 to
5 weeks after culture on B,and MS media containing 2% su-
crose and supplemented with 0.5 or 1.0 mg TDZ/liter alone, or
plus various levels of IAA. These callus tissues lost their ability
to proliferate after the fourth passage when serially subcultured
on maintenance medium without ascorbic acid. Addition of 0.07

159



or 0.14 g ascorbic acid/liter prolonged the maintenance time to
six passages. Calli induced from pedicel cultures with various
supplements of IAA/TDZ on media containing 4% sucrose was
very compact and became brown by the end of the primary
culture period.

Callus pieces (40 to 50 mg) of GN ‘Tara’ and Xan-159 from
first and fifth passage in culture increased =8 to 15 times in
size during the first 2 weeks after their transfer to shoot induc-
tion medium, then differentiated into dark-green, smooth, shiny
meristem-like structures. Shoot primordia were visible 2 weeks
later (Fig. 1). Once shoot primordia developed, callus prolif-
eration ceased. The number of shoot primordia for the two bean
lines was affected by the interaction between the type of nutrient
medium and the supplements in the media, but no interaction
effects for planting dates were detected in the combined analysis
of variance. More shoot primordia differentiated from callus
tissues of both bean lines on B,medium than on MS medium
at 1 mg BA/liter (Table 1), but not at 0.05 mg TDZ/liter (except

F

Fig. 1. Development of shoot primordia and buds (arrows) 3 weeks
after transfer of bean pedicel-derived callus to media containing 1.0
mg BA/liter.

Table 1. Effects of the type of nutrient medium (B,and MS), and
addition of benzyladenine (BA) and thidiazuron (TDZ) on the num-
ber of shoot primordia developed from first- and fifth-passage calli
of two common bean lines (GN ‘Tara’ and Xan-159) after a culture
period of 4 weeks."

Shoot primordia (no.)

Passage 1 Passage 5
Supplements N
in the media Tara Xan-159 Tara Xan-159
(mg-liter-t) B MS By MS By MS B MS
0.0 51 37 6.0 49 20 1L.7 60 3.2
0.05 TDZ 9.2 8.1 15.8 134 6.9 5.2 16.6 102
1.0 BA 14.8 10.7 41.4 303 149 7.5 40.6 25.9
L5Dg s
Column 2.1 3.3 2.5 3.7
Row 2.2 3.5 2.6 3.5

‘Cultures initiated from 40 to 50 mg callus tissues.
"Means of four replicates over two planting dates (March and Septem-
ber).
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in Xan-159 from the fifth passage) or from the basal media
(lacking BA and TDZ).

Differentiated tissues from media with 1 mg BA/liter devel-
oped excisable shoots 5 to 6 weeks after transfer to the same
nutrient media containing one-tenth the concentration of BA in
the shoot induction medium, i.e., 0.1 mgliter'. Although shoot
primordia were initiated from the callus tissues on media lacking
BA and TDZ, and on media with 0.05 mg TDZ/liter, they did
not develop into excisable shoots when they were transferred to
medium lacking TDZ or containing 0.005 mg TDZ/liter. Two
to five shoots per 40 to 50 mg callus were harvested from media
containing 0.1 mg BA/liter. These shoots formed roots and elon-
gated on media lacking BA. Regenerated plants (R,) grew in
the greenhouse and produced pods with fertile seeds (Fig. 2).

Histological study. Areas of active cell division were ob-
served in callus tissues on the induction medium and remained
active during subsequent propagation and maintenance. These
active cell division areas were darker green than other adjacent
callus tissues and were randomly distributed throughout the nod-
ular callus. Initiation of new active cell division centers during
serial subcultures (Fig. 3A) also was observed in callus tissues
that did not have such centers developed in a previous passage.
Differentiated meristem-like structures formed 2 weeks after
placement of the callus on the regeneration medium (Fig. 3B),
and shoot organogenesis was observed 2 weeks later (Fig. 3C).

Variant plant evaluation. No apparent variability was ob-
served among and within progenies (R,) of 28 tissue culture-
derived GN ‘Tara’ plants. Out of 44 regenerants from Xan-159,
two variants in plant height were found within two R, progenies.
The evaluation of the R,progenies along with S,plants indi-
cated significant differences (P < 0.01) in plant height for one
of the selected variants. The mean values for plant height (cen-
timeters) were 66 cm for the R,of the selected variant and 46
cm for S,of original explant source. The variant was determi-
nate in growth habit like the original Xan-159 but had more
nodes and longer internodes (P < 0.05). The mean number of
the nodes and internode length were 4.6 and 15.1 (centimeters)
for the variant and 3.9 and 13.1 (centimeters) for the original

Fig. 2. Regenerated bean plants (R,) form pedicel-derived callus pro-
ducing seed-bearing pods (arrows).
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Fig. 3. Microtome sections through the morphogenic callus tissues
derived from pedicel explants in common bean showing the cellular
development for shoot morphogenesis: (A) The initiation of numer-
ous areas of active cell division (arrows) in callus cultures on me-
dium with 0.25 mg IAAfliter and 0.5 mg TDZ/liter. (B) The
development of adventitious meristems (arrows) 2 weeks after place-
ment pf callus pieces from the fifth passage on regeneration medium
containing 1 mg BA/liter. (C) Morphogenesis of shoot apices and
differentiated leaves from the same cultures as in (B) after 4 weeks
on regeneration medium.

Xan-159. This variant was also 7.5 days earlier ( P < 0.05) in
maturity than the original Xan-159. The mean number of days
to maturity were 58 for the variant and 66 for the original Xan-
154. This variant line was produced from RO plants regenerated
from the fifth passage of callus derived from explants excised
from plants of the March planting date.

Discussion

This is the first report of tissue culture methods in common
bean for producing callus that can differentiate and regenerate
plants. The induction of the morphogenic callus observed here
was a specific property of the explant and the genotype, since
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that callus was induced only from pedicel explants in two com-
mon bean lines. The importance of the genotypic response in
tissue culture has been recognized in grain legumes (Barwale et
al., 1986; Franklin et al., 1991; Parrott et al., 1989). Both GN
‘Tara’ (Coyne and Schuster, 1968) and Xan-159 (McElroy, 1985)
were developed from interspecific crosses with tepary bean ( P.
acutifolius A. Gray). Tepary bean has been regenerated from
callus cultures (Kumar et al., 1988). We speculate that the re-
generation response of GN ‘Tara’ and Xan-159 may be due to
a genetic component derived from tepary beans. Proliferative
and viable callus was induced in the two bean lines on B5 and
MS media supplemented with any of the concentrations of TDZ
or JAA + TDZ tested, but only at 2% sucrose. Pedicel explants
cultured on the same media lacking the callus induction factors
(TDZ or IAA/TDZ) did not develop shoots from the regions
that formed the morphogenic callus on the induction medium.
The regenerated plants, therefore, were not derived from exist-
ing organized meristems or via proliferation of axillary buds
already present in the explant. Although the development of
active cell division areas were observed on the callus induction
medium, new active cell centers were also initiated in subcul-
tures from callus tissues lacking these active cell areas. This
result may indicate that TDZ and IAA/TDZ have a role in the
callus induction and maintenance media to initiate and induce
competent tissues from pedicel-derived callus of the two bean
lines. Adventitious shoot meristem formation was confirmed by
the histological analysis of the callus cultures on shoot induction
medium. Plant regeneration using callus derived from floral ex-
plants has not been reported previously in grain legumes; how-
ever, this type of explant has been used extensively in monocots
(Brettell et al., 1980; Cai and Butler, 1990; Ozias-Akins and
Vasil, 1982).

Most grain legumes regenerated in callus culture lost regen-
erating capability within 3 to 4 months (Kysely et al., 1987;
Ranch et al., 1985). Callus cultures of common bean in our
study exhibited similar behavior when maintained on IAA/TDZ
media. However, when ascorbic acid was added to the main-
tenance media, callus was maintained for two more passages.
Callus was morphogenic when tested after the fifth passage, but
it did not proliferate after the sixth passage in culture. Ascorbic
acid could cause the elimination of inhibitory substances; it
enhanced shoot organogenesis in long-term callus cultures of
tobacco ( Nicotiana tabacum L.), and reversed the inhibition of
gibberellic acid on shoot formation (Joy-Iv et al., 1988).

The absence of shoot development from callus placed on re-
generation media containing low concentration of TDZ may be
due to carry-over effects of the relatively high concentration of
TDZ used during callus induction (Mohamed et al., 1992b). BA
in the regeneration media was necessary for normal shoot de-
velopment from the callus. Angelini and Allavena (1989) found
an increase in the regeneration frequency of P. coccineus on
medium containing BA and N -(3-methyl-2-butenyl)-1 H- purin-
6-amine (2iP), suggesting beneficial interaction between the dif-
ferent cytokinins. The salts and vitamins recipe of BS nutrient
medium used for cell suspension cultures of soybean (Gamborg
et al., 1968) enhanced the differentiation of shoot primordia in
our study in the presence of the appropriate shoot induction
factor (1 mg BA/liter). Soybean leaf cultures did not regenerate
shoots on MS medium and the incidence of regeneration on SH
medium was only one-third compared to cultures grown on BS5
medium (Wright et al., 1987).

One variant plant for increased height selected from R1 prog-
eny of phenotypically similar regenerants (R,) in Xan-159 trans-

161



mitted this trait to the R,progeny without apparent segregation.
Similar normal R, plants in maize segregated for variants (Zehr
et al., 1987), indicating chimeric regenerants (R;). A plant re-
generated via organogenesis may be genetically heterogeneous,
since the organogenic pathway of regeneration may be of mul-
ticellular origin (Marcotrigiano, 1990). Putative homozygous
variants have been recovered in tomato (Lycopersicon esculen-
turn Mill.) (Evans and Sharp, 1983), wheat Triticum aestivum
L. (Larkin et al., 1984), and rice Oryza sativa L. (Oono, 1985)
plants-derived from tissue culture, but evidence is lacking about
the events controlling their origin. We used Xan-159 in regen-
eration studies via direct shoot formation (Mohamed et al. 1991,
1992a, 1992b), and no variability was observed among tissue
culture-derived plants and their progeny or among plants from
seed stock of this bean line. Plant regeneration from primary
callus (that collected directly from the explant following the
induction) and early passages of callus might be useful for ge-
netic transformation in beans.
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