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Abstract: This study established a promising protocol for callus induction and regeneration of Phaseolus
vulgaris L. cv. Brunca. Whereas callus was induced on leaf, stem and root explants cultured on MS medium
fortified with 1.5 mg L  2, 4-D in combination with 0.1 mg L  of 24-Epi and leaf explants showed the best result.1 1

Direct and indirect somatic embryogenesis was achieved from stem and leaf explants while root failed in
recovery with all tested media. The best performance of direct and indirect somatic embryogenesis were
observed on MS medium supplemented with 2.0 mg L  TDZ + 0.1 mg L  of 24-Epi, while highest percentage1 1

of embryogenic frequency 88.9 and 72.23 were recorded for stem explants. However, the greatest embryogenic
calli fresh weights 14.68 and 9.65 (mg/jar) were derived from leaf explants. Moreover, growth of somatic embryos
was investigated during 7weeks. The highest regeneration percentage was achieved for stem explants compared
other explants  and  recorded 88.88 and 66.66 for directly or indirectly regeneration, respectively, cultured on
MS  medium  augmented  with  2 mg L  TDZ + 0.1 mg L  of 24-Epi. Further, regeneration was found higher1 1

via direct embryogenesis as compared to indirect embryos formation and leaf explants were more sensitive
compared to stem under the study conditions. Hence 24-Epi (0.1 mg L ) additively improved and hastened of1

2, 4-D and TDZ role in Brunca plantlets regeneration.

Key words: Phaseolus  vulgaris   Brunca   cultivar    Somatic   embryogenesis    24-Epibrassinolide
 Regeneration

INTRODUCTION and abiotic factors [6] and had poor yield in Latin America

The need for the continuous improvement of traits in A general feature of common bean genotypes is their
crop species remains an ongoing effort for crop scientists recalcitrance to regenerate in vitro this is because they
and farmers. Different plant species have their own set of produce  significant  amounts  of  phenolic  compounds
phenotypes  that need to be improved in order to both in vitro which inhibit their regeneration [8, 9]. Plant
add nutritional values and enhance economic gains for biotechnology, together with conventional breeding
humankind. Common bean (Phaseolus vulgaris L.) is the methods, could facilitate bean improvement since
most important food legume worldwide, a leading source resistance seed quality, plant architecture and
of low cost proteins [1]. Seeds of common bean have reproduction  modes  could  be  altered  [10]. A reliable
other valuable nutritional properties as fiber, minerals, and efficient in vitro, regeneration system of common
vitamins and low content of fat and sodium [2]. A diet bean (Phaseolus  vulgaris  L.)  is a requirement for
including beans provides substantial health benefits, genetic transformation which involves induction and
decreasing the risk of heart and renal diseases [3], development to the whole plant [8, 11]. In addition to
protecting against several cancer types [4] and helping in genetic improvement, in vitro culture is an important tool
the control of overweight and obesity [5]. Despite its for the recovery, conservation of germplasm and embryo
importance, production growth rates are limited by biotic rescue  [12].  The best  approach  for   obtaining  stable 

and African countries range from 500 to 600 kg ha   [7].1
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transgenic legumes has been through indirect in vitro autoclaving at 121°C and 1.2 kg cm  for 20 minutes.
regeneration, defined as the induction of regenerative Culture medium was dispensed as 50 ml per jar (350 ml) for
somatic embryos or shoots from morphogenetic calli. in vitro regenerated seedlings and 30 ml per jar (200 ml)
However, genotype effects in regeneration response as for callogenesis, somatic embryogenesis and maturation.
well as efficiency and reproducibility have been a limiting
factor. In vitro plant regeneration of Phaseolus has been Explants Preparation: The seeds of the two varieties were
reported by organogenesis [8, 12-14] or through somatic washed with running tap water, taken to the laminar
embryogenesis [15, 16]. Somatic embryogenesis has been airflow, surface sterilized by dipping in 70% (v/v) ethanol
preferred over other in vitro developmental processes, for 3 min, washed in sterilized distilled water. Then seeds
such as organogenesis or auxiliary bud proliferation, for were disinfected with 50 % (v/v) commercial Clorox
micropropagation and genetic modification of higher containing  two  drops  of  a  wetting agent Tween 20
plants [17]. Brassinosteroids is a group of naturally solution for 20 min, rinsed three times with sterilized
occurring steroidal lactones that include brassinolide and distilled water according to Gatica et al. [33] method. In
its analogs. In several bioassays, they have been reported complete aseptic conditions equal number from sterilized
to affect cell elongation, division and differentiation of seeds represents both varieties were inoculated in MS
plant cells [18-25]. Others reported the initiation of basal aseptically as three seeds per each. All cultures
embryogenic tissue in conifers, cotton, organogenesis in were  incubated  in   a   controlled   growth   chamber   at
sweet  pepper  and  cauliflower  on  media using 24-Epi 26 ±1°C. Cultures were divided into two groups, 1  group
[26-29]. The presence of brassinolide in P. vulgaris has was maintained at light-dark rhythm of 16/8 h and the 2
been already demonstrated in the immature seeds [30, 31]. was maintained in complete darkness. Seeds germination

Therefore, the objective of the present study was to (as percentage) was recorded daily up to 12 days. From all
investigate the impact of 24-Epi as totipotent or signal in vitro germinated three weeks old seedlings the variety
compound to establish or cooperate in an in vitro which showed the highest percentage of germination was
regeneration system for Phaseolus vulgaris L. Brunca chosen in this study. The explants were cut into
cultivar alone and in combinations  with  2, 4-D,  Kin  and convenient sizes using scalpel blade, aseptically 3-4 mm
TDZ  as a  prerequisite  for  improvement of common length from stem, root and 4 mm  size from leaf.
bean through genetic transformation  or  mutagenesis.
The hypothesis tested is that 24-Epi affects cell Callogenesis Induction: For callus induction in Phaseolus
elongation, division and differentiation which will vulgaris L. cv. Brunca, the efficiency of 24-
ultimately help somatic cells to dedifferentiate into Epibrassinolide (24-Epi), 2, 4-Dichlorophenoxy acetic acid
embryogenically competent cells and change its state (2, 4-D) and kinetin (Kin) at normal condition and
(totipotency).  The  best  of  our  knowledge this is the complete darkness were assessed. To optimize and test
first  report  on  induction  of  somatic embryogenesis in 24-Epi interaction with them and after preliminary study
P. vulgaris Brunka using TDZ combined with 24-Epi and "data not shown" the useful added concentrations were
their conversion to plantlets. as follow: 

MATERIALS AND METHODS

Plant Materials: The two cultivar of Phaseolus vulgaris
L. cv. Brunca and Nebraska were obtained from Faculty of
Agriculture, Cairo University, Egypt and tested for
germination efficiency.

Preparation of Culture Media: Half salts strength of MS
[32] medium including vitamins, glycine and
supplemented with 30 g L  sucrose, 0.1 g L  myoinositol1 1

was used for in vitro germination. While full strength was
used for callogenesis, somatic embryogenesis and
maturation. All media pH were adjusted to 5.8 with 1N
KOH or 1N HCl, then solidified with 7 g L  agar prior to1

-2

st

nd

2

C  = MS free growth regulators C = MS + 1.5 mg L  2, 4-D + 0.1 mg L  24-Epi0 7
1 1

C  = MS + 0.025 mg L  24- Epi C  = MS + 1.5 mg L  2, 4-D + 1.5 mg L  Kin1 8
1 1 1

C  = MS +  0.05 mg L  24-Epi C  = MS +1.5 mg L  Kin2 9
1 1

C  = MS + 0.1 mg L  24-Epi C  = MS + 1.5 mg L  Kin + 0.025 mg L  24- Epi3 10
1 1 1

C  = MS + 1.5 mg L  2, 4-D C  = MS + 1.5 mg L  Kin + 0.05 mg L  24-Epi4 11
1 1 1

C  = MS + 1.5 mg L  2, 4-D + C  = MS + 1.5 mg L  Kin + 0.1 mg L  24-Epi5 12
1 1 1

0.025 mg L  24-  Epi1

C  = MS + 1.5 mg L  2, 4-D 6
1

+ 0.05 mg L  24-Epi1

Total fifteen cultures were inoculated for each
treatment with three explants per each. All cultures were
incubated in a controlled growth chamber, divided into
two groups, 1  was maintained at 26 ±1°C at lightst

condition and the 2  group maintained in completend

darkness. All cultures were subcultured using same
medium after 3 weeks from incubation. Four weeks from
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culture, the frequency of explants producing calli (%), calli and sustainability media the frequency of conversion of
fresh/dry weights (g/jar) and calli character (type and somatic embryos either directly or indirectly into plantlets
color) were recorded (data not shown). (total number of regenerated plantlets/jar) was calculated.

Somatic Embryogenesis Induction: We have
attempted to further improve direct, indirect somatic Statistical Analysis: The test of least significant
embryogenesis and conversion to plantlets using difference (L.S.D) at the level of 0.05% significance was
different concentrations of 24- Epi and 0.2 mg L  of used to examine differences among treatment means and1

Thidiazuron (TDZ) according to García et al. [33] alone or interactions. Data were statistically analyzed using
in combination to assess and evaluate 24- Epi totipotency MSTAT-C software package according to the described
and its mode of action. Leaf, stem and root explants from method by Freed et al. [35].
three weeks old seedlings were aseptically cultured on
embryos induction media. On the other hand callus RESULTS
tissues initiated from different explants were cultured on
C  medium at light condition by the end of the 4  weeks. In germinated seeds represented the two varieties4

th

About 250 mg of the obtained calli were subcultured onto tested, cultured on half strength MS basal agar medium
different embryos induction media consisting of MS basal under  either  normal  light-dark cycle or complete
medium and modified as follow: darkness Brunca cultivar showed significant increment

E = MS free growth regulators E = MS + 0.2 mg L  TDZ0 5
1

E = MS + 0.025 mg L  24-Epi E  = MS + 0.2 mg L  TDZ + 0.025 mg L  24-Epi1 6
1 1 1

E  = MS + 0.05 mg L  24-Epi E  = MS + 0.2 mg L  TDZ + 0.05 mg L  24-Epi2 7
1 1 1

E  = MS + 0.1 mg L  24-Epi E  = MS + 0.2 mg L  TDZ + 0.1 mg L  24-Epi3 8
1 1 1

E  = MS + 0.5 mg L  24-Epi E  = MS + 0.2 mg L  TDZ + 0.5 mg L  24-Epi4 9
1 1 1

Total fifteen cultures were inoculated for each
treatment (three explants or callus pieces) per each. All
cultures were incubated in a controlled growth chamber at
26 ±1°C at normal condition and subcultured on the same
medium three weeks interval. Embryogenic callus pieces
and somatic embryos with globular, heart-shaped and
torpedo  stage  were  followed  by stereo microscope
(SZX-7 OLYMPUS-JAPAN). The frequency of
embryogenic callus with somatic embryos as total number
per jar was recorded after four weeks and their fresh
weight (mg/jar) were recorded after two months transfer to
embryos induction media.

Embryogenesis Maturation: To assess 24-Epi and TDZ
potent effect in this late stage of maturation and
sustainability for further growth, embryogenic cluster
around 200 mg comes from direct and indirect were
cultured on E  medium for 4 weeks further, shifted to5

modified MS basal medium as follow:

M  = MS free growth regulators M  = MS + 2 mg L  TDZ0 4
1

M  = MS + 0.025 mg L  24-Epi M  = MS + 2 mg L  TDZ + 0.025 mg L  24-Epi1 5
1 1 1

M  = MS + 0.05 mg L  24-Epi M  = MS + 2 mg L  TDZ + 0.05 mg L  24-Epi2 6
1 1 1

M  = MS + 0.1 mg L  24-Epi M  = MS + 2 mg L  TDZ + 0.1 mg L  24-Epi3 7
1 1 1

Total fifteen cultures were inoculated for each
treatment (three embryogenic clusters) per each. All
cultures were incubated in a controlled growth chamber in
normal condition at 26 ±1°C and subcultured using same
mediumthree weeks interval. After 7 weeks in maturation

71.1%, 55.5% compared to 42.2%-25.55% in Nebraska
(Table 1 and Fig. 1a, b).

Callus Formation: Calli induction were observed within
3-10 days of culture in Phaseolus vulgaris L. Brunca
cultivar from all explants tested on MS media
supplemented with 2,4- D only and in combinations of
2,4-  D  with 24-Epi or kin, while all other media failed
(Table 2 and Fig. 2a-c).

Callus proliferation was better under light-dark cycle
compared to complete darkness, for each same medium.
Exposure to moderate and high concentrations (0.05, 0.1
mg L ) of 24-Epi with 1.5 mg L  2, 4-D (C  and C  gave1 1

6 7)

the best callogenesis, initiation was after three days of
cultivation. Several types of calli cultures were
distinguishable based on their appearance. Cultured leaf
and stem explants on C medium produced generally6

greenish calli, while root explants gave rise to brownish-
white, nodular, friable callus, on the other hand, C7

medium, proliferate to callus with roots in all tested
explants (Fig. 3a-c).

Adding 0.025 mg L  of 24-Epi with 1.5 mg L  2, 4- D,1 1

(C ) medium, induce callus after six days. Adding 24-Epi5

(0.1 mg L ) only, C , gave potent direct rhizogenesis with1
3

no callus in root explants (Fig. 4), however when
combined with 1.5 mg L  kinetin gave rise to directly1

adventitious shoots from leaf and stem explants while root
was unable (Fig. 5a,b). Combination of 1.5 mg L  kinetin1

with 1.5 mg L-1 2, 4-D (C ) initiate moderate greenish,8

nodular and friable callus ten days after cultivation.
Interaction between media type and cultivation

condition  revealed  that  adding   different concentrations
of   24-Epi   to   2,   4-D   obviously   affect   frequency   of
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Table 1: Effect of MS half salt strength medium on seeds germination (%) of two cultivars of P. vulgaris L. (Data were recorded after 12 days of culture at
different culture conditions)

Seeds germination (%)
Culture conditions ----------------------------------------------------------------------------------------------------------------
P.vulgaris cultivars Light condition(16/8h) Complete darkness
Brunca 71.106a 55.55a
Nebraska 42.218b 25.552b
Means having the same letters in a column were not significantly different at p<0.05

Table 2: Effect of interaction between media composition and culture conditions on frequency of callogenesis (%) and calli fresh /dry weights (g/jar) of P.
vulgaris L. cv. Brunca. Data were recorded after 4 weeks of culture.

Culture conditions
----------------------------------------------------------------------------------------------------------------------------------------------------------
Frequency of callogenesis (%) Fresh weight (g/jar) Dry weight (g/jar)
----------------------------------------------------- ------------------------------------------- ---------------------------------------------

Media Composition Light condition Complete darkness Light condition Complete darkness Light condition Complete darkness
C 70.83c 54.167d 2.021d 0.950i 0.090d 0.039gh4

C 81.94b 68.058c 2.340c 1.253h 0.122c 0.053fg5

C 91.66a 77.78b 2.746b 1.302g 0.161b 0.064ef6

C 94.44a 79.16b 3.013a 1.667f 0.210a 0.094e7

C 55.55d 40.27e 1.913e 0.950i 0.077def 0.034ghi8

Means having the same letters in a column were not significantly different at p<0.05

Fig. 1: In vitro Phaseolus vulgaris L. cv. Brunca (A) and
Nebraska (B) seeds germination on MS half salt Fig. 4: Direct rhizogenesis initiation without any callus
strength medium free growth regulators. After 20 formation from root explants cultured on MS
days of culture at normal conditions (5 x) fortified with   0.1mg   L    24-Epi   alone  (C )

Fig. 2: Different types of calli derived from leaf (A) stem
(B) and root (C) explants after four weeks of
inoculation on MS medium containing 1.5 mg L 1

2, 4-D (C ). Culture at normal conditions (5 x) Fig. 5: Shootlets regeneration  directly  formed from leaf4

Fig. 3: Different types of calli derived from leaf (A) stem in frequency 94-79 % and fresh -dry (3- 1.6; 0.2- 0.094)
(B) and root (C) explants after four weeks of compared to C  medium (70.8 - 54.16%) and (2.02-0.9, 0.09-
inoculation on MS medium containing 1.5 mg L 0.039). On the other hand, in C  medium, lower non1

2,4-D + 0.1mg L  24-Epi (C ). Culture at light significant frequency (55.5- 40.2 %) and (1.9-0.9, 0.077-1
7

conditions (5 x) 0.034) was recorded (Table 2).

1
3

after three  weeks of  culture at light conditions
(5x).

(A) and stem (B) explants after three weeks of
incubation on MS medium containing 1.5 mg L 1

Kin + 0.1mg L  24-Epi (C ). (5x).1
12

callogenesis, fresh and dry weights. C  medium under7

light or complete darkness, recorded significant increment

4

8
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Table 3: Effect of interaction between explant types and culture conditions on frequency of callogenesis (%) and calli fresh /dry weights (g/jar) of P. vulgaris

L. cv. Brunca regardless of the media composition. Data were recorded after 4 weeks of culture

Culture conditions

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Frequency of callogenesis (%) Fresh weight (g/jar) Dry weight (g/jar)

------------------------------------------------- --------------------------------------------- --------------------------------------------

Explant types Light condition Complete darkness Light condition Complete darkness Light condition Complete darkness

Leaf 34.375a 28.473a 1.239a 0.682d 0.069a 0.033cd

Stem 34.376a 26.737a 0.811c 0.274f 0.043bc 0.012e

Root 29.862a 24.653a 0.958b 0.614e 0.053b 0.026de

Means having the same letters in a column were not significantly different at p<0.05

Table 4: Effect of interaction between media composition and explant types on frequency of callogenesis (%) and calli fresh /dry weights (g/jar) of P. vulgaris

L. cv. Brunca regardless of the culture conditions(Data were recorded after 4 weeks of culture.)

Explants

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Frequency of callogenesis (%) Fresh weight (g/jar) Dry weight (g/jar)
---------------------------------------- -------------------------------------------- -------------------------------------------------

Media Leaf Stem Root Leaf Stem Root Leaf Stem Root
C 79.13 bc 70.79 d 62.44 e 2.200c 0.915k 1.581hi 0.090cdefg 0.041h 0.064fgh4

C 79.13 bc 72.88 cd 56.19 ef 2.310b 1.139j 1.939g 0.115bcde 0.054gh 0.093cdef5

C 83.30 ab 74.95 cd 60.36 e 2.327b 1.601h 2.143d 0.136b 0.085defg 0.118bcd6

C 87.68 a 85.39 ab 70.79 d 2.713a 2.086e 2.221c 0.189a 0.122bc 0.145b7

C 62.44 e 52.03 f 37.46 g 1.979f 0.770l 1.546i 0.081efg 0.029hi 0.056gh8

Means having the same letters in a column were not significantly different at p<0.05
Where: C = MS + 1.5 mg L  2, 4-D ; C = MS + 1.5 mg L  2, 4-D + 0.025 mg L  24- Epi; C = MS + 1.5 mg L  2, 4-D +  0.05 mg L   24-Epi ;4 5 6

1 1 1 1 1

C = MS + 1.5 mg L  2, 4-D + 0.1 mg L  24-Epi ; C = MS + 1.5 mg L  2, 4-D + 1.5 mg L7 8
1 1 1 1

Where: Treatments: No. C  -C  and C -C  are not included due totheir negative response for callogenesis0 3 9 12

Table 5: Effect of interaction between media composition and explants type
on frequency of direct and indirect embryogenic callus (%) in P.
vulgaris L. cv. Brunca. Data were recorded after 4 weeks of culture.
Treatments no E  -E  are not included due to the absence of0 4

somatic embryogenesis.

Embryogenic callus type
---------------------------------------------------------------------------
Frequency of embryogenic callus (%)
--------------------------------------------------------------------------
Direct embryogenic Indirect embryogenic types on frequency, fresh and dry weights under same
----------------------- --------------------------------

Media Leaf Stem Leaf calli Stem calli

E 50.00 cd 66.67bc 35.44 d 48.89 d5

E 66.67bc 72.22ab 38.89 d 50.00 cd6

E 72.22 ab 88.90 a 50.00 cd 72.23 ab7

E 72.20 ab 88.85 a 38.89 d 72.23 ab8

E 48.89 d 50.00cd 38.89 d 50.00 cd9

Means having the same letters in a column were not significantly different at
p<0.05
Where:
E = MS + 0.2 mg L  TDZ; E = MS + 0.2 mg L  TDZ+ 0.025 mg L5 6

1 1 1

24-Epi; E =MS + 0.2 mg L  TDZ + 0.05 mg L  24-Epi 7
1 1

E = MS + 0.2 mg L  TDZ + 0.1 mg L  24-Epi ; E = MS + 0.2 mg L8 9
1 1 1

TDZ + 0.5 mg L  24-Epi1

Interaction between different explants and culture
conditions  revealed  that   frequency   of   callus
formation (%) was independent on explants type when
cultured on the same medium under normal light or
darkness (Table 3). But leaf derived callus fresh -dry
weight  was  significantly higher than stem and root
(Table 3).

Interaction between media composition and explant

cultivation condition, explored that leaf explants
responded with high significant level (87,68 %, 2.713,
0.189) then stem (85.39, 2.086, 0.122) and last, root (70.79,
2.221, 0.145) when cultured on C medium, all compared to7

control C  (Table 4).4

Direct Embryogenesis: In vitro somatic embryogenesis
was obtained directly from leaf and stem explants while
root failed. Initiation of direct embryogenesis was
observed on cut edges and surface of used explants
within 10-18 days of incubation on E , MS + TDZ (0.2 mg5

L ) alone and combinations of TDZ + 24-Epi (E -E ), in1
6 9

contrast all rest media were unable, MS free growth
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regulators or MS + 24-Epi alone (E -E ) Table 5. Initially0 4

the explants produced smooth nodular  outgrowths.
These structures   enlarged   into   distinct    globular
pro-embryoids within 2 weeks of incubation. Further
growth of pro-embryoids exhibited all developmental
stages thereafter (more than one month on same medium)
root-shoot  hardly  and  slowly  initiated  then   seazed Fig. 6: Direct embryogenesis derived from leaf (A) and
(Fig. 6 a, b). stem (B) explants after two weeks of inoculation on

The  best  response recorded as embryogenesis MS medium containing 0.2 mg L  TDZ + 0.05 mg
frequency,  was  88%  for  stem  when  cultured  in    E L  24-Epi (E7) and its germination into root and7

(0.2 mg L  + 0.5 mg L  24-Epi) and E  (0.2 mg L  + 0.1 shoot after 52 days culture at light conditions (5x)1 1 1
8

mg L  24-Epi) media with highly significant increase1

compared to control 66% E  (0.2 mg L  TDZ  alone)5
1

(Table 5). Decreasing the 24-Epi to the least tried dose
(0.025 mg L  + 0.2 mg L  TDZ) E  showed fairly good1 1

6

significant response 72%. Leaf explants exhibited fairly
good significant response 72% on E  and E  media and7 8

66% on E  medium compared to 50% in control (E ). Fig. 7: Indirect embryogenic callus induced from leaf (A)6 5

Increasing the applied dose of 24-Epi to 0.5 mgL a and stem (B) derived calli after three weeks1

companied with 0.2 mg L  TDZ (E ) retarded the cultured on MS medium containing 0.2 mg L1
9

embryogenesis frequency compared to control medium TDZ + 0.05 mg L  24-Epi (E ) and incubated at
regardless of the explants used as illustrated in Table 5. light conditions (5 x).

Interaction between media type and embryogenic
callus derived from different explants on its fresh weight
revealed that embryogenic callus derived from leaf always
score higher fresh weight than stem derived one on the
same medium (Table 6). Adding 24-Epi significantly
increase the embryogenic fresh weight regardless of the
concentration, the highest value was E  medium7

regardless of the explants type Table 6.

Indirect Embryogenesis: Indirect embryogenesis
(embryogenesis via intervening callus) was successfully
attained  with   stem   and   leaf   explants   derived   calli
(4-week old taken from C  medium) cultured on MS media4

supplemented with TDZ only (E ) and on combinations of5

TDZ with different concentrations of 24-Epi (E -E ), while5 9

basal MS (E ) and fortified MS with different 24-Epi0

concentrations alone failed (E -E ). Root explants derived1 4

calli was unable to respond on all tested (E -E ) media.0 9

Observations     under   stereomicroscope  revealed   that
nodular callus was successfully induced within 3-4 weeks
on the callus surface in embryogenesis induction media
and thereafter differentiated into white clumps on E -E5 9

media (Fig. 7a, b).
Initially most of embryogenic cultures showed a high

degree of friability with globular structures (Fig. 8a).
Adding 0.05 mg L , 24-Epi to 0.2 mg L  TDZ (E ) medium1 1

7

1

1

1

1
7

Table 6: Effect of interaction between media composite on embryogenic

callus derived directly from different explants and indirect

embryogenic callus derived from different explants derived calli on

fresh weight (mg/jar) from P. vulgaris L. cv. Brunca. Data were

recorded after two months of culture at normal condition

Embryogenic types

-----------------------------------------------------------------------

Fresh weight (mg/jar)

----------------------------------------------------------------------

Direct embryogenic Indirect embryogenic 

------------------------- -------------------------

Media Leaf Stem Leaf Stem

E 7.463d 5.188d 5.423d 5.703d5

E 9.358c 7.452c 6.142c 6.423c6

E 14.685a 12.016a 9.655a 9.943a7

E 11.254b 10.341b 8.616b 7.174b8

E 9.358c 7.582c 6.542c 6.342c9

Means having the same letters in a column were not significantly different at

p<0.05

 Where 

E = MS + 0.2 mg L  TDZ; E = MS + 0.2 mg L  TDZ+ 0.025 mg L5 6
1 1 1

24-Epi; E =MS + 0.2 mg L  TDZ + 0.05 mg L  24-Epi 7
1 1

E = MS + 0.2 mg L  TDZ + 0.1 mg L  24- Epi; E = MS + 0.2 mg L8 9
1 1 1

TDZ + 0.5 mg L  24-Epi 1
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 enhanced explants responses three days earlier compared
with E  (control). Either increasing or decreasing the5

added dose of 24-Epi delay the response, reach four days
later in E  medium all referred to E . Subculturing every9 5

three weeks in same media and following under
stereomicroscope point to positive development of
globular, heart-shaped, torpedo, cotyledonary and
complete bipolar embryos (Fig.8a-e). Different stages of
somatic embryos were observed indicating that embryo
development was asynchronous process in differentiated
callus.

The concentrations of 24-Epi combined with TDZ in
MS medium for embryogenic callus induction affected the
frequency of embryos. Frequency of calli undergoing
somatic embryogenesis from stem explants derived calli
on E  and E  media were highly significant (72.2, 72.2 %),7 8

while leaf derived calli scored (50, 38.8%) referred to each
E . Frequency of stem derived calli undergoing somatic5

embryogenesis on E  and E  showed retrieved frequency6 9

levels (50%)  compared  to  control  E   medium  (48.8%).5

On the other hand, leaf derived calli frequency on E and6

E media scored non significant difference (38.8%)9

compared  and  referred  to  control E  (Table 5).5

Interaction between media composition and explants
derived   embryogenic    calli    fresh    weight   illustrated
in  Table  6 showed that adding 24-Epi to TDZ
significantly  affected  embryogenic  calli  fresh  weight;
the highest value was in E  medium independent on7

explants type.

Plantlets Regeneration: The sustainability and further
growth of either direct or indirect driven embryogenic calli
(four weeks old from E  medium ) were transferred onto5

MS fortified with 2mg L  TDZ alone (M , control) and on1
4

combinations from 2mg L  TDZ + (0.025  -  0.1  mg  L1 1

24-Epi) (M -M ) media (Table 7 and Fig. 9,10a,b).5 7

Subculturing of somatic embryos on M -M  media led to4 7

the formation and development of complete plantlets
within 7 weeks. The conversion frequency and
regenerated plantlets obtained from direct embryogenesis
was higher as compared to indirect embryogenesis
regardless of explants  type  and  media  composition
(Figs. 9, 10 a,b). Plantlets initiated after three weeks on all
tested media derived from direct embryoids, while adding
24-Epi affected indirect embryoids conversion and
enhanced plantlets initiation time (four weeks) in M -M5 7

media compared to control (five weeks) M . Concomitants4

increment in regeneration frequency was recorded   with

Fig. 8: Somatic embryos of Phaseolus vulgaris L. cv.
Brunca in different developmental stage on MS
medium containing 0.2 mg L  TDZ + 0.05 mg L1 1

24-Epi (E ), after four weeks of light (A) globular,7

(B) heart, (C) torpedo, (D) cotyledonary (E) shoots
and roots proliferation (4 x).

Fig. 9: Plantlet regenerated from direct somatic embryos
derived from leaf (A) and stem (B) explants after
four weeks of inoculating on MS medium
containing 2 mg L TDZ + 0.1 mg L  24-Epi (M7)1 1

(5x)

Fig. 10: Plantlet regenerated from indirect somatic
embryos derived from leaf (A) and stem (B)
derived callus after six weeks of inoculating on
MS medium containing 2 mg L  TDZ + 0.1 mg1

L  24-Epi (M7) (5x)1

increment in applied 24-Epi doses + TDZ (M -M )5 7

compared to control medium M  in both direct and indirect4

independent upon explants type (Table 7). In case of
direct embryogenesis conversion response was good.
Vigorous embryo germination and development of leaf
and root primordia were clear, evident (Fig. 8e). Further
growth of induced shoots with roots was accomplished
successfully on same media (Fig. 10a, b). After 7 weeks,
the highest frequency of regenerated plantlets had
reached 88.88% from direct pathway compared to 66.66%
from indirect on same M  medium from stem explants7

(Table 7).
Another major character in further embryoids growth

and plantlet conversion was simultaneous rootlets shoot
formation (Figs. 9a, b and 10a, b).
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Table 7: Effect of interaction between media composition and direct or
indirect derived embryos from different explants on frequency of
regenerated plantlets (%) of P. vulgaris L. cv. Brunca. Data were
recorded after 7 weeks of culture at normal condition.

Somatic embryos types
------------------------------------------------------------------------------
Frequency of regenerated plantlets (%)
----------------------------------------------------------------------------
Direct somatic embryos Indirect somatic embryos
------------------------------ --------------------------------

Media Leaf Stem Leaf Stem
M 7.463d 5.188d 5.423d 5.703d4

M 9.358c 7.452c 6.142c 6.423c5

M 14.685a 12.016a 9.655a 9.943a6

M 11.254b 10.341b 8.616b 7.174b7

Means having the same letters in a column were not significantly different at
p<0.05
Where:
Treatments from M0 to M3 are not included due to the absence of direct or
indirect somatic embryos
M  =MS + 2 mg L  TDZ; M =MS + 2 mg L  TDZ + 0.025 mg L  24-4 5

1 1 1

Epi; M  =MS + 2 mg L  TDZ + 0.05 mg L  24-Epi 6
1 1

M = MS + 2 mg L  TDZ + 0.1 mg L  24-Epi7
1 1

DISCUSSION

In recent years, many research groups have been
involved in establishing reliable regeneration procedures
for agronomical important legumes, because it would be
a primary step to facilitate gene introduction and
improvement of the crop. The major obstacle in this study
was to overcome the notoriously recalcitrant behavior of
Phaseolus vulgaris in in vitro culturing via applying the
mystery compound 24-Epi alone and in conjugates with
other growth regulators to assess its totipotent power as
secondary signal leading to cells powerful embryogenic
competence and their conversion to complete plantlets.
In the present study, full salts strength MS media
supplemented with 2, 4-D used singly and in
combinations with kin or 24-Epi successfully induced
callus within 3-10 days. Through the overall trials the best
result was achieved from 2,  4-D  when  combined  with
(0.1 mg L ) 24-Epi. Regeneration protocols using1

different explants of Phaseolus spp. [1, 8, 12-14, 35] have
been described. In our study it was observed that
different explants do not have equal potential or same
response towards same media composition. Leaf explants
displayed callogenesis potentially more than stem and
root. Arellano et al. [1] for in vitro regeneration for
Phaseolus vulgaris cv. Negro Jamapa, obtained callus
after one week with full strength MS medium containing
1.5 µM 2,4-D. The explants used were apical meristems
and cotyledonary nodes dissected from the embryonic

axes  of  germinating seeds. 2, 4-D when combined with
24-Epi (low and moderate concentrations) influenced calli
induction compared to the control medium which contains
2, 4-D singly.Coupling it with the higher concentration of
24-Epi induced morphogenetic calli and greatly enhanced
rhizogenesis after callus production. Nakajima et al. [36]
founded that 24-Epi promoted cell division when
combined with 2, 4-D and kinetin in Chinese cabbage
protoplasts. Mu¨ssig et al. [37] found that 24-
Epicastasterone and 24-Epibrassinolide promote root
elongation in Arabidopsis and that simultaneous
administration of 24-Epibrassinolide and 2, 4-D results in
largely additive effects. Adventitious root induction from
24-Epi (0.0001 ppm) was observed by Sathyamoorthy and
Nakamura [38] in soybean hypocotyls segments. Various
growth regulators influenced the induction of roots as
well as  their  elongation  [39, 40]. In various bioassays,
24-Epi has been shown to be more active than, or
synergistic with auxins such as IAA or NAA [41]. 

Auxins represent one of the most important classes
of signaling molecules involved in the regulation of cell
division, cell elongation and cell differentiation in higher
plants [42]. In the present study 24-Epi (0.1 mg L ) when1

applied alone  with  root  explants,  marvelous
rhizogenesis occurred. May be 24- Epi affect the internal
auxins (as phenolic compounds) which acts synergist in
the rhizogenesis process or hastened xylem
differentiation, we concluded that 24-Epi mode of action
may be mimics the effects of auxins as suggested by
Bennett et al. [42]. The presence of an auxin in callus
induction media was found to be essential for calli
induction and 24-Epi initiated vigorously rhizogenesis,
since no callus was developed on media without auxin,
therefore, it was concluded that 2, 4-D is essential for
callus growth while 24-Epi efficiently hastened
proliferation, cell division and complement (0.1 mg L )1

but not substitute 2, 4-D. All explants cultured on C , C9 10

and C  media doesn’t respond to callus induction, but C11 12

medium  which  contain  (1.5 mg L  kinetin - 0.1 mg L1 1

24-Epi) effectively proliferate shoots from leaf and stem
explants  directly with no callus, whereas root failed.
These results may be points to 24-Epi role as potent
secondary signal which amplify and complement with
kinetin to switch on direct organogenesis pathway. Also
this may point to the variation between different types of
explants in their ability to form shoots [43].

Oh and Clouse [44] demonstrated that brassinolide
increased the rate of cell division in isolated leaf
protoplasts of Petunia hybrida. Hu et al. [45] suggested
that 24-Epi may promote cell division through Cyc D3, a
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D-type plant cyclin gene through which cytokinin totipotent somatic cell via somatic embryogenesis is a
activates cell division. In the same study, they also remarkable example of the  totipotency  of  plants  [59].
showed that 24-Epi can substitute cytokinin in culturing The best of our knowledge this is the first report on
Arabidopsis callus and suspension cells. It is well known induction of somatic embryogenesis in P. vulgaris Brunka
that cytokinins stimulate plant cell division and participate using TDZ combined with 24-Epi directly and indirectly.
in the release of lateral bud dormancy, in the induction of In the present study, starting material for indirect
adventitious bud formation, in the growth of lateral buds somatic embryogenesis responded similarly as in direct
and in the cell cycle control [46, 47]. Nunez et al. [48] embryogenesis. TDZ has been used for induction of
stated that callus formation and shoot regeneration from somatic embryogenesis in many plant species like
lettuce cotyledons were enhanced after the application of soybean,  tobacco,  legumes, pelargonium and orchids
two spirostane analogues of BRs (BB6 and MH5).The [15, 61-63]. In many cases, TDZ induced embryogenesis
interaction between cytokinin and BR suggests that BR with a higher efficiency and frequency compared to other
makes more cells competent to respond to the cytokinins or the combination treatments of auxins and
organogenic signal of the cytokinin and that these cells cytokinins [64-67]. TDZ is thought to affect the
became more sensitive to cytokinin and respond endogenous ratio of auxins to cytokinins which in turn
effectively [28].When hypocotyls segments of cauliflower influences the induction of somatic embryogenesis [64].
(Brassica oleracea var. botrytis L.) were cultured on MS Blasquez et al. [68] have successfully applied TDZ for
medium containing 0.1 or 1 µM 24-Epi in the light, a proliferation of saffron cormogenic calli. Nhut et al. [69]
significant stimulation of adventitious shoot regeneration obtained embryogenic cells from friable calli cultured in
was observed [28]. media containing 0.2 mg/l TDZ with 1.0 mg/l NAA. Similar

In vitro plant regeneration of Phaseolus has been results have been reported for Nemesia strumosa [70, 71].
reported by organogenesis [8, 35] or through somatic Brassinosteroids have been isolated from P. vulgaris
embryogenesis [15, 16]. Although several protocols have immature seeds [30, 31], little information is available for
been described in the literature for bean regeneration, Phaseolus vulgaris, brassinosteroids and very few
development of an optimal in vitro culture system still reports are available with respect to the effect of
remains a major challenge since this P. vulgaris and other brassinolide  in  micropropagation  and   tissue  culture.
species  from  the  Phaseolus  genus  are  recalcitrant for 24-Epi at 2.0 µM with 9.0 µM 2, 4-D enhanced the
in vitro regeneration [10, 49]. It has been emphasized, formation of embryogenic tissue from mature zygotic
however, that in many instances, recalcitrance could be embryos on half strength MSG basal medium in Pinus
resolved and regeneration of common bean could be wallichiana [72]. Embryogenic callus induction and
achieved to some extent in the last years. However, growth of coffee, lettuce and potato was improved by the
optimizing growth conditions, proper explants selection of use of spirostane analogues of BRs in the culture medium
genotype as well as efficiency and reproducibility have as a cytokinine substitute or complement [36, 44, 48, 73].
been conserved as limiting factors [49]. The auxin 2,4-D Wang et al. [26] and Aydin et al. [74] stated that somatic
was found to be effective in inducing somatic embryos in embryogenesis was stimulated in cotton (Gossypium
peanut [50-53] while NAA in the induction medium was hirsutum), using 24-Epi. 
also effective. Cytokinin-stimulated direct somatic embryo Pullman  et al.  [29]  reported  that  use of
induction  from  non-embryogenic  tissue  in other brassinolide at a concentration of 0.1 µM has improved
legumes like Phaseolus and  winged   bean   [54, 55]. the percentage of embryogenic cultures in loblolly pine,
Thus, it is difficult to formulate a generalized protocol for Douglas-fir (Pseudotsuga menziesii) and Norway spruce
somatic embryogenesis in grain legumes, as the growth (Picea abies). They have also showed that brassinolide
regulator requirements  appear  to  be  species  and increased the weight of loblolly pine embryogenic tissue
tissue-specific. 24-Epi and Thidiazuron (TDZ) both mimics by 66% and stimulated initiation in the more recalcitrant
the cytokinin effects in embryogenesis and that 24-Epi families of loblolly pine and Douglas-fir, thus
when added with TDZ obligate directly plant somatic cells compensating somewhat for genotypic differences in
or the transferred callus undifferentiated cells via acting initiation [29]. Our results in embryogenic tissue weight in
as secondary signal to dedifferentiate to give rise to a P. vulgaris Brunka obtained in this work are in
totipotent embryogenic cell that has the ability to consistence with these researchers. Induction of embryos
proliferate  and/or   regenerate   an    embryo     [56-58]. through callus tissues in immature cotyledons is reported
The regeneration of a complete embryo from a single frequently in legumes [75-78]. However, embryo formation
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on leaf explants is not reported frequently in legumes, 4. Kolonel,  L.N.,  J.H.   Hankin,   A.S.    Whittemore,
except for peanut [53] and chickpea [79-81]. The findings A.H. Wu, R.P. Gallagher, L.R. Wilkens et al., 2000.
of the present study also revealed that leaf explants is Vegetables, fruits, legumes and prostate cancer: A
fairly good source for the embryo induction either directly multiethnic case-control study. Cancer Epidem.
or through callus and both successfully completed Biomark. Prev., 9: 795-804.
regeneration protocol. 5. Celleno, L., M.V. Tolaini, A. D'Amore, N.V. Perricone

CONCLUSION containing standardized Phaseolus vulgaris extract

The in vitro protocol reported in this study could be women. Int. J. Med. Sci., 4: 45-52.
used for clonally propagation of common bean and to 6. Aragão, F.J.L., L.M.G. Barros and A.C.M. Brasileiro,
obtain competent target tissue for genetic modification. 1996. Inheritance of foreign genes in transgenic bean
On the basis of this study we confirmed that 24-Epi play (Phaseolus vulgaris L.) co-transformed via particle
as signal compound and can potentially change the bombardment. Theor. Appl. Genet., 93: 142-150.
somatic cells to embryogenic competence state 7. Aragao, F.J.L. and E.L. Rech, 2001. Transgenic
(totipotency). Embryogenically competent cells are Common Bean. In: Bajaj, Y.P.S. (Ed.). Biotechnology
capable of differentiating into embryos if they receive in Agriculture and Forestry Transgenic Crops II.
differentiation inducers. In this study it can be Springer Verlag, Berlin Heidelberg.
recommended that the best medium for callus induction 8. Varisai Mohamed, S.H., S. Jih-Min, J. Toong-Long
from different explants of P. vulgaris L. cv. Brunca was and W. Chang-Sheng, 2006. Organogenesis of
MS medium augmented with 1.5 2,4-D + 0.1 mg/l 24-EPi Phaseolus angularis L.: high efficiency of
and the leaf explants showed the best results compared adventitious shoot regeneration from etiolated
with stem and root explants respectively. Incubation seedlings in the presence of N6-benzylaminopurine
under light condition favorite for callus induction and thidiazuron. Plant Cell Tiss Organ Cult. DOI
compared with darkness. On the other hand, the highest 10.1007/s11240-006-9107-1.
frequency of regeneration via direct or indirect 9. Kawapata,  K.,  R. Sabzikar,  M.B.   Sticklen    and J.D.
embryogenesis formation was recorded with leaf explants Klly, 2010. In vitro regenerations and morphogenesis
directly cultured on MS-medium + 0.2 mg/l TDZ + 0.05 studies in common bean. Plant Cell Tiss. Organ. Cult.,
mg/l Epi compared with indirectly cultured on the same 100: 97-105. 
medium with callus genesis. 10. Veltcheva, M., D. Svetleva, S.P. Petkova and P. Perl,
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