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ABSTRACT. Plant regeneration through somatic
embryogenesis in plantain and banana may become a
commercial propagation technology, due to the high
multiplication coefficient of somatic embryos. However,
it is important to get quality embryos with a synchronous
morphological development to achieve higher rates of
germination and plant conversion. Therefore, the aim of
this study was to determine the effect of inoculation density
of somatic embryos for obtaining plantain ‘FHIA-21’
(AAAB) cultivars. Then, four inoculation treatments were
studied: 0,2; 0,4; 0,6 and 0,8 grams of fresh mass (gMF)
of embryos on liquid culture medium of maturation. The
morphological and histological characteristics of somatic
embryos were evaluated after 30 days and transferred to a
semisolid germination culture medium. Results showed a
better synchronization in the morphological development
of somatic embryos when cultured with 0,6 Gmf, which
was evident by their length uniformity, the apical and root
meristem formation, as well as the accumulation of reserve
substances. Such embryos reached a higher percentage of
germination and whole plant formation, with statistical
differences compared to other treatments. These plants were
characterized by a longer pseudostem, more than two open
leaves and greater root number. This study is essential for
the mass propagation of plantain cv. ‘FHIA-21’ by somatic
embryogenesis.

Key words: somatic embryogenesis, histology, maturation,
morphology, synchrony

RESUMEN. La regeneracion de plantas por embriogénesis
somatica en platanos y bananos puede convertirse en
una tecnologia para la propagacion a escala comercial,
debido al elevado coeficiente de multiplicacion de los
embriones somaticos. Sin embargo, para lograr tasas
superiores de germinacion y conversion de plantas, es
importante obtener embriones de calidad con un desarrollo
morfologico sincronico. Por tanto, el objetivo del trabajo
fue determinar el efecto de la densidad de inoculacion
de embriones somaticos en la obtencion de plantulas de
platano cv. ‘FHIA-21’ (AAAB). Para ecllo, se estudiaron
cuatro tratamientos correspondientes a la inoculacion de
0,2; 0,4; 0,6 y 0,8 gramos de masa fresca (gMF) de embriones
en medio de cultivo liquido de maduracion. A los 30 dias,
se evaluaron las caracteristicas morfologicas e histologicas
de los embriones y se transfirieron a un medio de cultivo
semisolido de germinacion. Los resultados mostraron una mejor
sincronizacién en el desarrollo morfologico de los embriones
somaticos cuando se cultivaron con 0,6 gMF, aspecto que se
evidencio por la uniformidad de su longitud, formacion de los
meristemos caulinar y radical, asi como la acumulacion de
sustancias de reserva. Estos embriones alcanzaron un mayor
porcentaje de germinacion y formacion de plantas completas,
con diferencias estadisticas respecto al resto de los tratamientos.
Las plantas se caracterizaron por una mayor longitud del
pseudotallo, mas de dos hojas abiertas y mayor niimero de
raices. El presente estudio es fundamental para la propagacion
masiva de platano cv. ‘FHIA-21’ por embriogénesis somatica.

Palabras clave: embriogénesis somatica, histologia, maduracion,
morfologia, sincronia
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INTRODUCTION

Somatic embryogenesis is a process by which
cells differentiate into somatic embryos and fully retain
somatic genotype donor plant. Methods for performing
this type of morphogenesis have been described in
a large number of plant species, each with its own
characteristics (1).

In banana and plantain, plant regeneration by
somatic embryogenesis has been used as a tool in
breeding programs for genetic transformation (2), as
well as to increase germination of hybrid progeny used
in conventional breeding strategies (3). However, the
greatest interest is in its practical application for the
propagation of plants on a commercial scale (4) due
to high coefficient of multiplication of somatic embryos.
Although to achieve higher rates of germination
and plant conversion, it is important to obtain
quality embryos with a synchronous morphological
development.

Asynchrony that characterizes the embryogenic
cultures is considered the main disadvantage
of the method for use in the mass propagation
of plants. Though this phenomenon, it is a more
efficient propagation system than conventional
micropropagation through meristemaric apex culture
(5). The high costs of production during banana
micropropagation generally limited its commercial use
(6), due to phenolic oxidation, slow growth and low
proliferation of explants (7).

In the process of somatic embryogenesis,
maturation phase it is crucial because favors the
development of the embryo and its conversion plant.
Experimental evidence suggests that culture conditions
can modulate the development of embryogenic
cultures. Different authors have referred to the role of
inoculation density and its relation to the differentiation
of somatic embryos, regardless of the culture medium
composition (6, 8).

In Musa spp., studies related to the effect of
inoculation density not describe their influence on the
morphological development of the somatic embryos
and their relationship to reduce asynchrony and
germination efficiency. This is because the embryos
pass quickly through the different stages of ontogeny,
without major morphological changes, which requires a
detailed characterization of morphology and histology (9).

Based on the above, this study aimed to determine
the effect of the inoculation density of somatic embryos
in obtaining seedlings of plantain cv. ‘FHIA-21’ (AAAB).
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MATERIALS AND METHODS

VEGETAL MATERIAL

Somatic embryos were obtained in liquid culture
medium, from banana embryogenic cell suspensions
from cv. ‘FHIA-21’ (AAAB), following the procedure
described by other authors (10). A culture medium
composed of 100 % of the inorganic salts Schenk
and Hildebrandt was used (11), of which Murashige
and Skoog vitamins (12) were added to 100 %,
0,5 mg L' biotin, 100 mg L' malt extract, 100 mg L
of L-glutamine, 230 mg L' of L-proline, 10 mg L™ of
lactose, 0,05 mg L' of zeatin, 100 mg L' of myo-inositol,
0,2 mg L' of naphthaleneacetic acid (NAA), 0,2 mg L™
isopentylaminopurine (2ip), 0,1 mg L' of Kinetin and
45 g L' of saccharose. The pH was adjusted to 5,3
before sterilization. Embryos were in globular stage
and were characterized by a length of between 0,20
to 0,50 mm.

Effect of inoculation density in the somatic
embryos maturation

Four inoculation densities were studied during
the maturation of somatic embryos. To this, they
were added 0,2; 0,4; 0,6 and 0,8 grams of embryos
fresh mass (gMF) in Erlenmeyer flasks of 250 mL
capacity that containing 30 mL of liquid medium. The
culture medium was composed of 100 % of salts and
MS vitamins (12), 1,0 mg L' of biotin, 0,5 mg L' of
6-benzylaminopurine (6-BAP), 1,0 mg L' of indole-3-
acetic acid (IAA) and 30 g L' sucrose.

The Erlenmeyer flasks were placed on orbital
shaker (INFORS HT) at 90 rpm of rotation speed,
in complete darkness and 27+2.0 °C. Five repetitions
for each treatment were established with a completely
randomized design. At 30 days of culture, morphological
and histological characteristics of somatic embryos
in the four inoculation densities were evaluated.
Subsequently, they were transferred to semisolid
medium germination proposed by other investigators
(13), which was composed of salts and MS vitamins,
0,5 mg L' of 6-BAP, 2,0 mg L of IAA, 100 mg L™ of
myo-inositol, 0,01 mg L' of Biobras-6 (brassinosteroid
analogue from the Faculty of Chemistry at the
University of Havana) and 30 g L sucrose. In both
culture media the pH was adjusted to 5,8+0,01.

MORPHOLOGY AND HISTOLOGY OF SOMATIC
EMBRYOS

A morphological description of somatic embryos
was performed in order to identify its main features,
during the maturation phase. Observations were made
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under a stereoscopic microscope (OLYMPUS) (10x)
and measuring its length (mm) through a micrometric
scale coupled to ocular. To facilitate observation and
measurement of the embryos they were removed
from each treatment, 1,0 mL of liquid culture medium
containing the embryos. The samples were placed
in beakers (50 mL capacity) with 30 mL of a solution
of Gelrite (Sigma) (2,5 g L") and deionized water.
Subsequently, solutions beakers were poured
into Petri dishes of 70 mm diameter and embryos
were immobilized after the solution solidified. The
measurement values were grouped into three ranges
of lengths, from 1,0 to 3,0; from 3,1 to 5,0 and from 5,1
to 7,0 mm, to determine its frequency of occurrence in
the different treatments and thereby identify inoculation
density provides greater cultivation synchrony.
Histological analysis was performed in order to
identify anatomical and biochemical structures, confirming
the development of somatic embryos and their preparation
for germination. For this, two samples of each treatment
were removed and somatic embryos were placed in a
fixative solution containing 37 % formaldehyde (v/v) acetic
acid 100 % (v/v) and 70 % ethanol (v/v), in a proportion
5:5:90 for 24 hours. Next, these were dehydrated in an
ascending gradient of ethanol and embedded in paraffin.
Serial sections of 10 um thick with a rotation microtome
(Zeiss, Germany) were performed, tey were fixed on
glass slides, were hydrated and safranin staining was
performed at 0,5 %. Histological sections of the samples
were examined under an optical microscope (Axioskop)
(40x) and images were captured with a (OLYMPUS DP70)
digital camera that was connected to the microscope.

GERMINATION OF SOMATIC EMBRYOS

Mature somatic embryos, for each inoculation
density, were placed in plastic culture flasks (total
capacity 500 mL) over 50 mL of semisolid medium
germination. The bottles were placed in a growth
chamber artificial light (fluorescent tubes of white light),
with a photoperiod of 16 hours of light at a density
photosynthetic photon flux (FFF) of 62-68 pmol m?2 s™)
and 27+2,0 °C. Eight replicates were established for
each inoculation density with somatic embryos 20 each
in a completely randomized design.

During the germination phase of somatic embryos,
observations at 10, 20 and 30 days of culture, with
the aid of a stereomicroscope (OLYMPUS) (10x)
were performed; further 30 days the number of
germinated embryos and quantitated values were
expressed in percent germination. At the same time,
the morphological characteristics of plants, the number
of open leaves and number of roots were evaluated
as pseudostem length (cm) from the base to the
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insertion of the first leaf. Subsequently, the plants were
transferred and maintained for 30 days in semisolid
culture medium elongation prior to their transfer to ex
vitro culture conditions at home.

STATISTICAL ANALYSIS

For statistical analysis the SPSS software package
(Statistical Package for Social Sciences) version 20 on
Windows (14) was used. The experimental data were
tested cases of normal distribution and homogenety of
variance. The comparison of the average values was
performed using the Kruskal Wallis, with a significance
level of 0,05 %.

Para el analisis estadistico se utilizé el paquete
computacional SPSS (Statistical Package for the
Social Sciences) version 20 sobre Windows (14).
A los datos experimentales se les comprobaron los
supuestos de distribucién normal y homogeneidad
de varianza. La comparacion de los valores medio se
efectué mediante la prueba de Kruskall Wallis, con un
nivel de significacion de 0,05 %.

RESULTS AND DISCUSSION

Effect of inoculation density in the somatic
embryos maturation

The results showed the inoculation density
influence in its morphology, histology and germination
of banana somatic embryos from cv . ‘FHIA-21’ (AAAB).

At 30 days of culture maturing, differences in
morphology of the embryos were observed. The
major difference occurred in length, with variations in
the frequency of the ranges established for this study
(1,0 to 3,0; 3,1 to 5,0 and from 5,1 to 7,0 mm). In this
regard, it was noted that somatic embryos cultured
with lower densities (0,2 and 0,4 gMF) showed greater
heterogeneity in length, represented in the three
ranges of lengths (Figure 1). They also showed partial
germination root primordium presence (Figure 2A). In
the histological examination of these treatments, an
irregular epidermis by forming rounded structures at
its periphery and defining cauline and root meristems
in the central region of the embryo was observed. No
reserve structures were observed in the scutellum
region (Figure 2B, C).

Despite the asynchronous nature of embryogenic
cultures, the inoculation density of 0,6 gMF provided
greater synchrony because greater uniformity achieved
in the length of their somatic embryos in relation to the
rest of the treatments. The highest percentage of these
embryos (87,2 %) was located in one of the ranges set
with a length of 3,1 to 5,0 mm (Figure 1).
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Figure 1. Effect of inoculation density in the frequency
of occurrence length range of plantain
somatic embryos cv. ‘FHIA-21’ (AAAB),
after 30 days of culture in maturing phase

These embryos were characterized by present
circular form with a pale yellow color (Figure 2 D).
Histological sections showed a regular epidermis of
these embryos, besides the presence of cauline and root
meristems. It was also observed in the region scutellum
accumulation reservation structures (Figure 2E, F, G).

Moreover, embryos cultured with 0,8 gMF of
inoculation density showed greater frequency of
smaller embryos (37,6 %), between 1,0 and 3,0 mm
long, but 62,4 % of embryos started off half-length
range between 3,1 and 5,0 mm (Figure 1). In this
treatment damage on the epidermis of the embryos
were observed, possibly because the friction between
them due to the high density of inoculation (Figure 2H).
In addition, darkening of the culture medium was
observed, which may be related to the exudation
of phenolic compounds and subsequent oxidation.

A,B,C: embryos cultures with 0,2 gMF showing partial germination of root primordium (pr) (bar=4,0mm) (250x) and histological sections
where an irregular epidermis (e) is observed, the cauline (mc) and root (mr) meristems and scutellum region (es) without the presence of

reserve structures (400x)

D,E,F,G: embryos cultured with 0,6 gMF (250x) (bar=4,0 mm) and histological sections showing the cauline (mc) and root (mr) meristems
and scutellum region (es) with the presence of reserve structures (400x)

H,l: embryos cultures with 0,8 gMF with mechanical damage to the epidermis (250x) (bar=2,5 mm) and histological section showing
definition of the epidermis (e) (400x) and presence of reserve structures (sr) in the central region of the embryo

Figure 2. Somatic embryos of banana cv. 'FHIA-21' (AAAB) in liquid culture ripening medium
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Histological sections of somatic embryos cultured
with 0,8 gMF showed defining regular epidermis and
the presence of reservation structures in the center
embryo. However, the cauline and root meristems
(Figure 2 I) were observed.

GERMINATION OF SOMATIC EMBRYOS

During the somatic embryos germination,
differences in morphological appearance, related
inoculation density used during the maturation phase
were observed. At 10 days, the embryos cultured with
0,6 gMF showed the cauline apex emission with small
shoots green. These elongated with increasing days
of culture until the formation of complete plants, which
were observed at 30 days of culture (Figure 3A, B, C).
The highest percentage of germination corresponded
to these embryos (62,0 %), with significant differences
with the other treatments (Figure 4).

Germination of somatic embryos cultured
with 0,8 gMF showed morphological development,
similar to embryos cultured with 0,6 gMF; but its low
germination percentage (19,3 %) could be given by the
phenolization and death of the embryos on semisolid
culture medium germination. This response should be
related to the mechanical damage that presented in the
epidermis and little ontogenetic development achieved
at the end of the maturation phase.

10 days

Meanwhile, somatic embryos cultured with 0,2 and
0,4 gMF presented during germination morphological
differences compared to other treatments. At 10 days
of culture, an increase in size, with irregular epidermal
growth, resulting in white rounded structures (Figure 3D)
was observed. Subsequently, after 20 days these
irregularities differ in small green sprouts and 30 days
plants were observed growing in a rosette form (Figure 3 E
and F).

70 1

60 -

50

40

(%)

30

20 - <

+m M NN

0,2 04 0,6 08

Somatic embryos germination

noculation density gMF (in 30 ml culture medium)
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Figure 4. Effect of inoculation density used in the
ripening stage on germination (%) of
somatic embryos plantain cv. 'FHIA-21'
(AAAB) at 30 days of culture in semisolid
medium

30 days

Somatic embryos cultured with 0,6 gMF (A, B, C) and 0,2 gMF (D, E, F) during the maturation phase

Figure 3. Germination of somatic embryos of plantain cv. 'FHIA-21' (AAAB), at 10, 20 and 30 days of

culture in germination semisolid medium
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When analyzing the morphological characteristics
of the plants, was observed that the one that came
from culture with 0.6 gMF had better definition and
pseudostem length, more than two open leaves and
more roots, with significant differences compared to
plants from the other treatments (Table and Figure 3 C).
However, somatic embryos originating from plants
grown with 0,2 and 0,4 gMF showed disorders in
morphology, growing in a rosette form by no definition
of pseudostem and the presence of multiple buds of
adventitious appearance ( Figure 3F).

In the genus Musa, studies related to the density
of inoculation have estimated the culmination of the
somatic embryos development through germination.
For example, somatic embryos of banana cv. ‘FHIA-18’
(AAAB) showed better germination when they were
cultured with 0,8 gMF (13).

Moreover, in the banana cultivar ‘Navolean’ (ABB)
embryo maturation occurred at a density of 0,5 to
46,8 % gMF germination (15). In this regard, the mature
embryos of banana cv. ‘Da Jiao’ (ABB) showed 2,0 to
3,0 mm in diameter after three months of cultivation
with a germination rate of 40,0 % (2). As noted there
are differences in relation to the inoculation density
and the germination percentage of somatic embryos,
aspects that have been linked to the influence of
genotype. In this study, 62,0 % of germinated embryos
were obtained when embryos were cultured to 0,6 gMF,
suggesting the desirability of spreading the cv. banana
‘FHIA-21’ by somatic embryogenesis.

The successful application of modern
biotechnology depends on efficient and reproducible
plant regeneration protocols from somatic embryos
and embryogenic cell suspensions (16). Many remain
limiting factors in somatic embryogenesis of banana
as the length, unpredictability and a high degree of
dependence on genotype (17). For this reason, it is
very important to conduct studies that allow us to
establish the conditions of good crops to standardize
protocols depending on the cultivar.

The effect of inoculation density and the genotype
influence are among the factors that determine the
formation of somatic embryos of banana cv. ‘FHIA-21’
from embryogenic cell suspensions (10). However,
the experimental results of this study also showed the
importance of inoculation density in the morphological
development of these embryos during maturation
phases, germination and formation of complete plants.
However, several researchers believe that for the
proper selection of the inoculation density, determine
its effect on reducing asynchrony; critical aspect for
the advancement of somatic embryogenesis on a
commercial scale (10). This can be simplified protocols
and substantially reduce production costs (18). In
this sense, other authors suggest that the protocols
should be broad enough to capture the full range of
possible genetic differences in the development of
each genotype (19).

The effect of inoculation density is related to the
availability of mineral nutrients in the culture medium.
Although in a previous study found no relationship
between the factor inoculation density and mineral
nutrient requirements during the somatic embryos
maturation of banana cv. ‘FHIA-21’ (20).

According to existing information, during
the maturation phase somatic embryos undergo
morphological and biochemical changes due to cell
expansion and accumulation of reserve substances
(1)- In this study the cell expansion was observed
through the increase of somatic embryos length, which
occurred in all the treatments studied. Although only
embryos that were cultured in 0,6 gMF of inoculation
density showed reservation structures and defining
cauline and root meristems. These features are
considered anatomical evidence of preparing somatic
embryos to germinate. The results of this study are the
first report where the morphological and histological
characteristics of somatic embryos of banana cv.
‘FHIA-21’ (AAAB) relate to the synchronization and
subsequent crop germination.

Morphological characteristics of plants obtained from somatic embryos of plantain cv. 'FHIA-21' (AAAB)

at different inoculation densities in maturation phase

Inoculation density (gMF) Pseudostem length (cm) Number of leaves

Number of roots

0,2 0,29 ¢ 1,00 ¢ 221b
0,4 0,65b 1,72b 0,40 ¢
0,6 1,07 a 246a 3,68 a
0,8 0,64 b 1,23 be 2,11 b

Means with different letters in a column differ significantly according to the Kruskal-Wallis test for p<0,05
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CONCLUSIONS

The results showed the inoculation density
influence in morphological development
of somatic embryos plantain cv. ‘FHIA-21’ (AAAB).
Embryos were cultured at 0,6 gMF presented greater
uniformity of its length, forming the caulinae and radical
meristem, and the accumulation of reserve substances.
These embryos reached higher germination and
formation percentage of complete plants. This study
is essential for the in vitro propagation of banana cv.
‘FHIA-21’ on a large scale by somatic embryogenesis.
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