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Abstract: The full cycle from embryogenic callus (EC) induction to field evaluation of regenerated plants is reported for the first 
time for banana cv. “Datil” (Musa AA). Immature male flowers were used for EC induction on a modified M1 culture medium. The 

ideal type of EC was obtained in the presence of 4.5 M and 9.0 M 2,4-dichlorophenoxyacetic acid (2,4-D). Embryogenic cell 

suspensions were established in both concentrations of 2,4-D; however, only the suspensions from ideal callus (IC) formed with 4.5 
µM of 2,4-D were regenerated. A histological study revealed the formation of structurally different cell masses during the 
regeneration phase of cv. “Datil”. The embryos germination was characterized by the growth cellular aggregates, indicating the 
possible occurrence of secondary embryogenesis. Development and acclimatization of the plants were carried out in a normal manner 
as observed for other cultivars. Field evaluation of the plants’ genetic stability was based on observation of morphological traits. In 
the vegetative growth phase, 6.61% of the plants presented drooping leaves and deformed semi-limbs. These traits, however, did not 
affect further plant growth during flowering and harvest phases. The produced fruits were of good quality. And the present study 
indicates that this cultivar may be stable genetically. 
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Abbreviations 

6-BAP 6-benzylaminopurine  

2,4-D 2,4-dichlorophenoxyacetic acid 

2-ip 2-isopentenyladenine 

IAA Indol-3-acetic acid 

NAA 1-naphthaleneacetic acid 

MS Murashige and Skoog 

SE Somatic embryogenesis 

SCV Settled cell volume  

1. Introduction 

Banana cv. “Pisang Mas”, known as “Datil”, is an 

edible diploid Musa acuminate type (Musa AA); 

because of its flavor, the fruit is highly sought-after by 

certain ethnic groups in the Latin markets of the 

United States (Florida and New York). It is also in 
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high demand at the Asian market, and it is of great 

economic importance for producer countries [1, 2]. In 

addition, Soto [3] mentions that this cultivar is 

resistant to Panama disease (Fusarium oxysporum), 

and is highly tolerant to black sigatoka 

(Mycosphaerella fijiensis). These traits make this 

cultivar an important gene pool candidate for genetic 

improvement work on bananas and plantains. 

Banana cv. as “Datil” is a parthenocarpic diploid. 

It lacks seeds, and like all edible cultivars, it is 

sterile—this being the primary limitation for carrying 

out conventional genetic improvement work. 

Therefore, genetic improvement using modern tools 

of biotechnology constitutes a viable alternative for 

the improvement of these cultivars, consequently, an 

efficient system of cellular regeneration as somatic 

embryogenesis (SE) is required [4]. SE through 

embryogenic cell suspension cultures is an important 
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method to accelerate the massive propagation of 

bananas due to its high potential for regeneration, 

and serves as powerful cellular tool for 

non-conventional improvement [5]. In this sense, 

embryogenic cell suspensions have been used in 

somatic hybridization for different Musa cultivars [6, 

7], as well as for gene transfer using Agrobacterium 

tumefasciens [8] or particle bombardment [9]. SE of 

Musaceae using male flowers was initially obtained 

by Ma [10] and adapted by Escalant et al. [11] for 

different banana cultivars. It was later achieved using 

female flowers with the cv. False Horn Plantain [12]. 

Establishment of embryogenic Musa cell suspensions 

through this method has been successfully obtained 

in triploid banana cultivars (AAA), such as “Grande 

Naine” [13], “Gros Michel” [14], “Dwarf 

Cavendish” [15] and in triploid plantains (AAB), 

such as the French Sombre [16], “Curraré” [12] and 

cv. “Maça” [7]. Similarly, SE has been reported in 

tetraploids (AAAA), such as the FHIA-18 [17, 18]. 

The process has also been developed for several 

diploids (AA), such as cv. “SF265”, “Col 49”, 

“IRFA 903” [6, 14] and M. acuminata cv. “Mas” 

[19]. With cv. Grand Naine, Shivani et al. [20] found 

that 2,4-dichlorophenoxyacetic acid (2,4-D) played 

an important role in the expression of certain genes 

in embryogenic callus (EC), indicating that 2,4-D 

acted as an inducer of expression of these genes. 

Efforts are needed in various fields to understand the 

physiological, biochemical and genetic processes that 

support the development of banana embryos, in order 

to ensure robust SE protocols with high embryo 

germination rates and conversion of plants [5]. 

Currently, due to the availability of the genome of 

Musa, genomic studies open up new possibilities to 

study the genes involved in embryogenic expression 

[21]. 

Because the full cycle from SE induction to full 

regeneration and field evaluation of plant genetic 

stability has only rarely been reported for a few 

cultivars, using immature flowers as explants [4, 18], 

the present work reviewed three objectives: (1) to 

develop SE from male flowers of banana cv. “Datil”; 

(2) to establish embryogenic cell suspensions and 

regenerated plants from these cultures; (3) to know the 

morphological variability of the plants established in 

the field. 

2. Materials and Methods  

2.1 Plant Materials  

Immature male inflorescences of cv. “Datil” were 

collected on farms of independent producers for 

National Banana Corporation (CORBANA) in 

Atlantic zone of Costa Rica. Flowers of rank 7 to 15 

near to the floral apex (ranked 0) were isolated and 

placed in culture according to Escalant et al. [11]. 

2.2 In Vitro Culture  

The procedure described by Côte et al. [13], Grapin 

et al. [16] was used at all stages of SE from EC 

induction to complete plant development [22]. 

2.3 Induction of Callus 

Embryogenesis induction was carried out by 

cultivating the male flowers on semi-solid M1 

medium—Murashige and Skoog (MS) minerals and 

vitamins [23], supplemented with biotin (4.1 M), 

2,4-D (18 M), indol-3-acetic acid (IAA, 5.7 M), 

1-naphthaleneacetic acid (NAA, 5.4 M), sucrose (90 

Mm) and agarose (7 g/L) as a gelling agent. The pH 

culture medium was adjusted to 5.7 before autoclave 

sterilization. Since in preliminary experiments cv. 

“Datil” did not respond to 18 M 2,4-D of M1 

induction medium, this concentration was used as a 

control treatment to compare reduced 2,4-D 

concentrations (4.5-9.0 M and 13.6 M). In addition, 

inoculated complete flowers were compared with 

inoculated flowers split in half.  

2.4 Establishment of Embryogenic Cell Suspensions 

The ECs obtained in the presence of 4.5 M 2,4-D 

were transferred to sterilized six-well multidishes 
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(Fisher Scientific, Pittsburg, USA), containing 5 mL 

sterilized liquid M2 culture medium for establishing 

embryogenic cell suspensions [16]. This medium 

consists of MS minerals and vitamins supplemented 

with biotin (4.1 M), glutamine (680 M), malt 

extract (100 mg/L), 2,4-D (4.5 M) and sucrose (130 

mM). The pH medium was adjusted to 5.3 before 

autoclave sterilization. 

When cultures increased their cell volume, 1.5 mL 

settled cell volume (SCV) were transferred to 

sterilized 250 mL Erlenmeyer flasks, containing 50 

mL M2 culture medium for establishing cell 

suspensions. The flasks were placed on a rotary 

shaker at 100 rpm. During the first month of culture, 

the medium was renewed every 8 d; later, half of the 

medium volume was renewed every two weeks. The 

cell suspension growth curve was established to 

measure the rate of cell increase during a 40-day 

culture cycle, with cell volume measurements at 

five-day intervals. For this purpose, 1.5 mL SCV was 

taken from the M2 medium and suspended in 50 mL 

of fresh medium. For each interval, SCV was 

measured after cell decanting for 10 min in a 

graduated tube. Each measurement was repeated 

three times.  

2.5 Regeneration from Embryogenic Cell Suspensions 

The regenerative capacity of the cell suspension 

was determined by plating 1.0 mL cell suspension on 

90 mm diameter filter papers placed over 100 × 15 

mm diameter Petri dishes containing 20 mL 

semi-solid regeneration medium (M3). This medium 

consisted of Schenk and Hildebrandt [24] minerals, 

MS vitamins, biotin (4.1 M), glutamine (680 M), 

proline (2 mM), malt extract (100 mg/L), NAA (1.1 

M), zeatin (0.2 M), kinetin (0.5 M), 

2-isopentenyladenine (2-ip, 0.7 M), sucrose (130 

mM), lactose (29 mM) and gelrite (2 g/L) as gelling 

agent. The pH medium was adjusted to 5.3 before 

autoclave sterilization. 

After 30 d on a regeneration medium, the formed 

embryos were isolated from the regeneration medium 

and cultivated in 100 × 15 mm Petri dishes containing 

20 mL semi-solid M4 germination medium. This 

medium contains MS minerals and vitamins, 

6-benzylaminopurine (BAP, 0.2 M), IAA (1.1 M), 

sucrose (87 mM) and gelrite (4 g/L) as a gelling agent. 

The pH medium was adjusted to 5.8. The germinated 

embryos were selected and cultivated in culture tubes 

containing 10 mL development medium, consisting of 

MS minerals and vitamins, sucrose (87 mM) and 

gelrite (2 g/L). The pH of this medium was adjusted to 

5.7. 

All cultures were maintained in growth rooms at 27 

± 2 °C, with a 12 h day/12 h dark photoperiod 

provided by white light fluorescent lamps with a light 

intensity of 30 μmol/m2/s.  

2.6 Ex Vitro Culture Conditions  

The plants obtained were removed from the 

culture tubes and the excess of agar was eliminated. 

They were immediately planted in plastic trays with 

70 orifices in sterile substrate composed of a mixture 

of soil and coconut fiber (1:3). To acclimate the 

plants, the trays were placed in plastic greenhouse 

chambers maintained at relatively high humidity 

(close to 100%). Irrigation was applied by automatic 

spraying twice a day for 2 min each time. Later, at 

the nursery stage, the plants were transplanted 

individually to black plastic bags (7.0 cm wide by 

5.0 cm high). A sifted mixture of soil, sand and lime 

was used (3.0:0.5:0.5) as substrate. Two or three 

days after transplanting, the first application of 

fertilizer was carried out with 2 g Nitrophoska 

(BASF, Germany), and after the first week in bags, a 

foliar fertilizer was applied twice a week, which was 

consisted of 2.5 g/L magnesium sulfate (Nutriverde, 

Jebsen and Jessen, Hamburg, Germany), 5 g/L 

Foliveex 20-20-20 (Seracsa, Costa Rica) and 5.0 g/L 

urea (Nederlanmdre, Stilrtof, MAATER, CHAPPI, 

NSM Holand).  

Once the acclimatization phase ended after 12 
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weeks, 65 plants were planted in the field at 

CORBANA’s experimental center in 28 Millas, 

located in Atlantic zone of Costa Rica. This was a 

preliminary experiment carried out for the purpose of 

observing the plants’ agronomic behavior. 

Morphological evaluations were made from planting 

to harvesting in order to check for potential 

phenotypical differences. Morphological criteria were 

used according to the methodology proposed by 

Sandoval et al. [25]: mother plant height, pseudostem 

circumference (cm), number of mother plant leaves at 

the time of flowering. At harvest, the number of 

leaves and hands, as well as hand weight (kg) was 

determined. Under field experimental conditions, the 

plants were observed for 12 months.  

2.7 Histology 

Histological observations were made at different 

periods during the cell suspension regeneration phase. 

Cell suspension samples were placed in 1% agar 

solution and fixed in formalin, alcohol and acetic acid 

(FAA) for 48 h. After alcohol dehydration, the 

samples were infiltrated in Technovit® resin and cut 

into 3-4 m thick sections. The cuts were dyed with 

periodic acid-Schiff (PAS) and naphthol blue black 

(NBB) for the specific staining of polysaccharides in 

red (cell walls and starch reserves) and proteins in 

blue, respectively [26]. 

2.8 Statistic Analysis 

Data were treated by analysis of variance 

(ANOVA), which was completed using InfoStat 

statistical software [27]. The Duncan multiple range 

test was also used for comparing means (α = 0.05).  

3. Results  

3.1 Induction of Callus 

In the preliminary experiments carried out with cv. 

“Datil” on the M1 medium, no response was observed 

in obtaining EC and ideal callus (IC). EC consisted of 

compact calluses with individual embryos; this callus 

was not used for initiating cell suspensions. ICs are 

characterized by their friable nature, so they are the 

calluses used for establishing embryogenic cell 

suspensions. The formation of ECs and ICs was 

achieved upon reduction of the original 2,4-D 

concentration (18 M to 4.5 M and 9.0 M). 

Significant differences were observed between 

treatments for the formation of EC in the first 

evaluation; it was started 12 weeks after the culture 

(Table 1). In the second (18 weeks) and the third (24 

weeks) evaluation, the formation of ECs in 2,4-D 

concentrations to 4.5 M and 9.0 M was observed 

without significant statistical difference between 

treatments. The formation of IC was observed until 

the third evaluation, i.e., at 24 weeks of culture; 5% of 

ICs were obtained with 4.5 M and 9.0 M of 2,4-D; 

no significant differences were found between 

treatments for this variable. As with the preliminary 

experiments, higher 2,4-D concentrations (13.5-18.0 

M) were not efficient in inducing these calluses.  

The use of flowers split in half increased the 

percentage of ECs in the first evaluation at 12 weeks 

of culture (11%), with respect to whole flowers (5%) 

at a concentration of 4.5 µM of 2,4-D (Table 2). 

Similarly, the percentage of ICs was higher in 

flowers split in half (17%) at the same concentration 

of 4.5 µM of 2,4-D at 18 weeks of culture. In the 

same period, 6% of ICs were observed in whole 

flowers grown in 18 µM of 2,4-D. In all cases, no 

significant differences among treatments were 

observed. 

3.2 Establishment of Embryogenic Cell Suspensions 

Although the formation of ICs was low in all 

experiments, the establishment of several cell 

suspensions with ability to multiply was possible. In 

Tables 1 and 2, it was shown that ECs and ICs were 

formed at 4.5 µM and 9 µM of 2,4-D of all types of 

flowers used. However, the establishment of 

embryogenic cell suspensions (+) with regeneration 

capacity (+)  was possible  only with  calluses obtained 
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Table 1  Production of EC and IC from immature flowers of Musa AA (cv. “Datil”) on M1 medium with different 2,4-D 
concentrations.  

2,4-D (µM) 

Evaluation time of explants (weeks) 
Status 

12 18 24 24 
EC (%) IC (%) Cell suspension Regeneration 

4.5 20.0a 5.0a 0.0a 5.0a + + 

9.0 10.0a 0.0a 5.0a 5.0a + - 

13.6 0.0b 0.0a 5.0a 0.0a - - 

18.0 0.0b 0.0a 0.0a 0.0a - - 

+: Established cell suspension/regenerated; -: cell suspension not established/not regenerated. 
Different letters indicate significant statistical difference based on the Duncan Test at 0.05 (n = 20). 
 

Table 2  Production of EC and IC from immature flowers of Musa AA (cv. “Datil”) using whole and split in half flowers on 
M1 medium containing 4.5 µM and 18 µM of 2,4-D. 

2,4-D (µM) Explant 

Evaluation time of explants (weeks) 
Status 

12 18 24 12 18 
EC (%) IC (%) Cell suspension Regeneration

4.5 Complete flowers 5.0a 5.0a 0.0a 5.0a 11.0a + + 

4.5 Split flowers 11.0a 5.0a 5.0a 5.0a 17.0a + - 

18.0 Complete flowers 0.0a 0.0a 0.0a 0.0a 6.0a - - 

18.0 Split flowers 0.0a 0.0a 0.0a 0.0a 0.0a - - 

+: Established cell suspension/regenerated; -: cell suspension not established/not regenerated. 
Equal letters indicate that there were no significantly statistical difference based on the Duncan Test at 0.05 (n = 18). 
 

by culture of whole flowers on M1 medium modified 

with 4.5 M 2,4-D. These calluses allowed 

establishing a culture in multidishes with liquid M2 

medium. From this initial culture, 20 weeks later, four 

embryogenic cell suspensions were obtained in 250 

mL Erlenmeyers. These suspensions were 

characterized by their very fine consistency at the 

beginning of the culture. They became denser due to 

the formation of thick cell aggregates resulting from 

culture degeneration. Handling of this cultivar was 

more demanding, requiring frequent filtration and 

subcultures for maintaining the appropriate cell 

density and viability.  

Morphologically, these suspensions consisted of cell 

aggregates (Fig. 1a), which in turn were constituted of 

individual round cells with dense cytoplasm, containing 

small hydrolyzed starch granules and protein, a 

well-defined nucleus and primary walls characteristic 

of undifferentiated cells that could be proembryogenic 

(Fig. 1b). Elongated individual cells with empty 

spaces in their cytoplasm and large quantities of 

highly compact starch grains with little opportunity to 

hydrolyze were also observed (Fig. 1c). These empty 

cells do not contribute to the regenerative capacity of 

the cell suspension, therefore, these cell aggregates 

were in the process of degeneration. 

When this cell suspension’s growth curve was 

determined, a typical sigmoid curve was observed 

with exponential cell growth, starting on the 15th day 

of culture and continuing until day 40 (Fig. 2). The 

volume of this suspension doubled approximately 

every 15 d. 

3.3 Regeneration from Embryogenic Cell Suspensions 

Fig. 3 showed the process of regeneration of 

embryogenic cell suspension of cv. “Datil”, where 

great quantities of embryos can be observed (Fig. 3a). 

The regeneration of this cell suspension showed two 

clearly defined events: (1) starting with the cell 

suspension, a yellow cell mass of compact appearance 

was formed, which became friable upon contact   

(Fig. 3b); (2) this was followed by a process of globular 

embryo differentiation on this cell mass (Fig. 3c). These 

observations coincided with the histological study, 
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which revealed the formation of structurally different 

cell masses during the regeneration process (Figs. 3d 

and 3e). Compact cell masses were observed with a 

meristematic center and lipidic content, surrounded by 

a layer of larger cells (Fig. 3d). Other cell masses were 

also observed, which were less compact, on the 

periphery of which large numbers of embryogenic 

cells undergoing active divisions and containing a 

large amount of starch were observed (Fig. 3e). It is 

on these cell masses that clearly defined proembryos 

were observed after six weeks of culture on a 

regeneration medium.  
 

 
Fig. 1  Embryogenic cell suspension of Musa AA (cv. “Datil”). 
(a) Embryogenic cell suspensions (10×), showing cell aggregates (ca) with starch content (s); (b) development of proembryogenic 
structures (pe) with large quantities of granules (s) hydrolyzed starch (20×); (c) cellular aggregates in the process of degeneration, 
showing elongated cells with empty spaces (es) and compact (s) starch grains (10×). 
 

 
Fig. 2  Growth rate (SCV/mL) of a Musa AA (cv. “Datil”) embryogenic cell suspensions during 40 d of culture. 
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Fig. 3  (a) Regeneration of embryogenic cell suspensions of Musa AA (cv. “Datil”), where great quantities of embryos (e) can 
be observed; (b) yellow cell mass with compact appearance; (c) globular embryo differentiation on this cell mass; (d) cell 
regeneration histology showing a compact cell mass with a meristematic center and lipidic content (4×); (e) cell mass with 
large numbers of embryogenic cells (ec), starch reserves (s) and clearly defined proembryos (pe). It can be observed nucleus 
(n) and nucleolus (nu) well defined (10×). 
 

3.4 Germination of Embryos 

Embryos isolated and cultured on the M4 medium 

gave a germination of 22% at six weeks of culture. 

Germination was not homogeneous, because only a 

few embryos could germinate on the masses of tissue. 

In addition, individual embryos quantification was 

difficult for this cultivar, because embryos tended to 

grow in aggregates when germinating (Fig. 4a). The 

germinated embryos were developed in plants on the 

M5 medium after five weeks of culture (Fig. 4b).  

3.5 Acclimation, Nursery and Field Development 

Eighty of these plants were acclimated in the 

greenhouse for 14 weeks (Figs. 4c and 4d), only 70 

plants were planted in field conditions. During these 

stages, vegetative plant growth was completely 

normal. Nevertheless, once the plants were taken to 

the field, 6.6% of them were observed with drooping 

leaves and deformed semi-limbs in the vegetative 

growth phase. These traits, however, did not affect 

further plant growth up to the flowering and harvest 
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Fig. 4  (a) Embryos germination; (b) plantlets regenerated; (c) acclimatization; (d) plants in the nursery; (e) well-developed 
plants at harvest.  
 

Table 3  Morphological evaluations in the flowering and harvest stages of plants in the field of the cv. “Datil” initiated from 
embryogenic cell suspensions.  

Growth stages Morphological criteria of mother plants 

Flowering  
Time (d) Height (m) Pseudostem circumference (cm) No. of leaves 

263.0 3.5 67.5 12.4 

Harvest  
Time (d) Bunch weight (kg) No. of hands No. of fingers 

56.0 12.3 6.4 131.0 
 

phases (Fig. 4e). The number of days of field sowing 

at flowering was 263 and flowering at harvest of 56. 

Bunchs of these plants had an average weight of 12.3 

kg, corresponding to 6.4 hands and 131 fingers on 

average, values that are commercially acceptable for 

this cultivar (Table 3). 

4. Discussion 

To date, numerous SE and embryogenic cell 

suspension regeneration events have been reported on 

many Musa cultivars [11-13, 17]. In all of them, the 

culture of male or female flowers on M1 medium with 
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18 M 2,4-D was used [10]. Comparatively, cv. 

“Datil” produced ECs in the presence of lower 2,4-D 

(4.5 M and 9.0 M) concentrations, indicating that 

this cultivar is less dependent on high concentrations 

of this auxin during the embryogenic induction 

process. Jalil et al. [19] indicated that prolonged 

exposure to high doses of 2,4-D could reduce the 

embryogenic nature of the callus in some banana 

cultivars. With M. acuminata cv. “Mas” (AA), these 

authors achieved the formation of EC by halving the 

18 M concentration of 2,4-D after three months of 

culture. With Carica papaya, a high 2,4-D 

concentration (22 M) at the start of culture was seen 

to reduce callogenesis and inhibit embryogenic 

expression [28]. However, with cv. “Datil”, it was 

possible to obtain ICs with average values of 5% to 

17%, indicating a good response capacity of the male 

flowers of this cultivar to SE induction with lower 

concentrations of 2,4-D (4.5 M). ECs were also 

induced on MS medium supplemented with 4.5 μM 

2,4-D and 1.0 μM zeatin from meristems (scalps) of 

proliferating shoots of plantain cv. Spambia (genome 

AAB). About 98% of scalps developed EC [29]. 

Comparatively, in other cultivars where male flowers 

and higher concentrations of 2,4-D (18 M) were used, 

embryogenic culture formation percentages ranged 

from 0.6% in cv. “Gros Michel” (AAA) [14] to 

21.75% in M. acuminata cv. “Mas” [19]. In cv. 

“Grande Naine”, Escalant et al. [11] observed that out 

of the culture of 635 male inflorescences, 37% 

developed ECs. In the culture of female flowers, 

Grapin et al. [12] obtained 2.9% embryogenic cultures 

with cv. “Curraré” (AAB) and 1.9% with cv. “Curraré 

Enano” (AAB). In addition, highly significant 

differences were found in the embryogenic response 

in cvs. “Grand Naine” and “Williams”, depending on 

the genotype and the developmental stage of the 

flower buds [30]. However, these authors observed 

that the percentage of explants that initiated the 

formation of callus depended more on the 

developmental stage of the male bud from which the 

explants were excised than on the cultivar.  

During EC formation, the “Datil” explants, 

similarly to other cultivars, showed oxidation during 

the first month of culture, followed by the 

development of compact white and yellow non-ECs. 

This was also observed with M. acuminata cv. “Mas” 

(AA), although with this new cultivar, white, friable 

and ECs formed from these calluses [19]. Escalant et 

al. [11] mentioned that male flower culture of triploid 

banana and plantain cultivars showed the formation of 

nodular yellow callus in the first and second month of 

culture and a later transition to the formation of a 

translucent and friable callus from which embryos 

originated. Côte et al. [13] observed with “Grande 

Naine” necrosis of the compact yellow tissues and 

formation of proembryos from the friable tissues after 

5-6 months of culture. Similar observations were 

made by Grapin et al. [12] with cv. False Horn 

Plantain on using female flowers. 

The morphology of cell suspensions of cv. “Datil” 

was not very different from that observed for other 

cvs., such as “Bluggoe” [31, 32], “Grande Naine” [13, 

33, 34], False Horn Plantain [12] and FHIA 18 [17]. 

Likewise, in the first month of culture of a cell 

suspension, the cell aggregates were composed of 

different cell types, but later during the subcultures, 

those aggregates composed of cells with meristematic 

traits prevailed. However, with cv. “Datil” it was 

necessary to filter and sub-culture the suspension with 

relative frequency to maintain adequate density and 

viability and to avoid culture degeneration. The 

presence of a large number of empty cells could 

indicate that the cell suspensions of this cultivar tend 

to degenerate rapidly. Large amounts of 

non-hydrolysable starch being observed in some cells 

with low density cytoplasm could reflect the presence 

of cells and cell aggregates in the process of 

degeneration, although this trait has also been 

observed in other Musa cultivars [32, 35]. “Datil” cell 

suspensions had a lower multiplication rate (doubling 

every 15 d) than other cultivars, such as False Horn 
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Plantain [12] and M. acuminata cv. “Mas” [19], in 

which the suspension volume doubles every 10 d and 

9 d, respectively. This could make the exponential 

growth curve of cv. “Datil” slower in starting to fall, 

i.e., after 40 d of culture. The regeneration process of 

this cell suspension was different from that observed 

for other cultivars, such as “Grande Naine” [13, 33] 

and False Horn Plantain [12], where regeneration 

occurred directly from cell aggregate fragmentation, 

followed by the formation of proembryos and, later, 

globular embryos. With cv. “Datil”, an intermediate 

step was observed where cell masses with a compact 

appearance differentiated from the cell aggregates, 

and it was on these that embryos were later 

regenerated. Only at the end of the process, 

similarities were observed between the regeneration 

processes of cv. “Datil”, from that of other cultivars. 

For example, Côte et al. [13] mentioned a 

compartmentation process during the regeneration of 

cell suspensions of cv. “Grande Naine”, cell groups 

surrounded themselves with thin walls were found and 

possibly giving rise to proembryos. Grapin et al. [12] 

observed the same phenomenon with cv. False Horn 

Plantain. In addition, Georget et al. [33] working with 

cv. “Grande Naine”, found the formation of numerous 

embryogenic zones on the periphery of the cell 

aggregates, which progressively organized themselves 

into globular proembryos.  

This aggregate growth of cv. “Datil” embryos 

during germination could correspond to a 

phenomenon of secondary embryogenesis, since new 

embryos arose from pre-existing embryos, as has been 

observed in other Musaceae [17, 36] and other 

monocotyledons species, such as Cocos nucifera [37], 

or dicotyledons, such as Citrus sp. [38] and Coffea 

arabica [39]. 

This is the first time that cv. “Datil” plants 

regenerated from embryogenic cell suspensions have 

been evaluated. Preliminary results indicated that this 

cultivar was perhaps one of the most genetically stable. 

Various studies revealed that different Musa cultivars 

vary in their genetic stability and that some are more 

stable than others [25, 40-43]. Thus, for example, the 

A genome has a greater variability than genome B. 

With cv. “Grande Naine” (AAA) Shchukin et al. [44] 

field-evaluated the genetic stability of 

micropropagated plants and observed that the number 

of variants was greater in plants derived from apex 

culture (5.3%), compared to the variation found in 

plants from embryogenic cultures (0.5%-3.6%). 

Although Côte et al. [4] found the same ratio in the 

same cultivar, they did not observe statistically 

significant difference between variant plants obtained 

by in vitro culture of vegetative apex (1.8%-3.3%) and 

those produced by SE from immature male flowers 

(0.5%-1.3%). With cv. FHIA-18 Gómez-Kosky et al. 

[18] observed a variation frequency of 0.7% in plants 

in the field produced by SE and 0.3% and 0.06% in 

plants derived from culture of vegetative apices and 

suckers, respectively. Israeli et al. [45] suggested that 

with cultivars of the Cavendish group, vegetative 

apices could be chimeric and therefore the separation 

of these chimeras during in vitro culture could result 

in the regeneration of variants.  

Côte et al. [4] observed two types of variants during 

the acclimatization phase among 500 embryogenic 

cell suspension derived plants of cv. “Grande Naine”; 

however, none of the plants exhibited off type traits in 

the field. In the present experiments, the anomalous 

foliar morphology observed in some cv. “Datil” plants 

during the vegetative growth phase did not affect their 

further growth or fruit quality. With cv. FHIA-18 the 

morphological variations (changes in the pseudostem 

color, dwarfism and differences in foliar pigmentation) 

observed in the plants derived from SE in the first 

production cycle almost disappeared in the second 

cycle, only 0.13% of the plants showed retarded 

growth; this indicates that these variations could 

possibly have been caused by epigenetic changes 

during in vitro culture [18]. The use of RAPD and 

ISSR markers revealed that certain morphological 

abnormalities observed during in vitro propagation of 
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cv. “Nanjanagudu Rasabale” (AAB) shoots were not 

observed during ex vitro acclimatization, indicating 

that this morphology was not associated with genetic 

changes during micropropagation of this cultivar [46].  

The production data obtained for cv. “Datil” plants 

from embryogenic cell suspensions are in accordance 

with the observations of Vargas and Sandoval [47] in 

plants of this cultivar conventionally propagated. The 

authors found that during the first field culture cycle 

(nine months), the average weight of bunches was 

11.0 kg and the average numbers of hands and fingers 

were 6.5 and 122, respectively. In the second cycle 

(nine months), the data obtained for the same 

variables were 9.7 kg, 7.2 and 150, respectively, i.e., 

similar data to that observed for plants obtained from 

embryogenic cell suspensions of cv. “Datil”.  

5. Conclusions 

In conclusion, this is the first report to define the 

full cycle from EC induction to field evaluation of 

regenerated plants from embryogenic cell suspensions 

of banana cv. “Datil”. The ideal type of EC (IC) were 

obtained from whole immature flowers and flowers 

split in half cultivated with 4.5 µM and 9 µM of 2,4-D. 

In general, moderate 2,4-D levels were sufficient to 

promote the formation of EC in this cultivar. Higher 

2,4-D levels (13.5-18 μM) suppressed the obtaining of 

ECs, preventing the establishment and regeneration of 

embryogenic cell suspensions. The regeneration in 

this cultivar was characterized by having two well 

defined stages: the formation of a cell mass of 

compact appearance and friable on contact, followed 

by the differentiation of globular embryos on this cell 

mass. The germination of embryos was not 

homogeneous, and the conversion in plant was after 

five weeks of culture in the appropriate medium. In 

the greenhouse, the regenerated plants showed normal 

growth. After sowing in the field, 93% of the plants 

presented a completely normal development from the 

vegetative development to the harvest of the fruits. 

In addition, according to the authors’ observations 

in field of plants of different cultivars, regenerated via 

SE, it is considered that the cultivar “Datil” could be 

stable. Nevertheless, the authors motivate the study of 

these processes through genomic and molecular 

analyses that allow to deepen their understanding. 
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