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Abstract

Coffea arabica genotypes submitted to direct somatic embryogenesis
produce small embryogenic structures and somatic embryos. In this
species, somatic embryos are formed at the edges of leaf explants and on
the surface of embryogenic structures, however both forms produce few
embryos over a long period of time. Osmotic agents have the ability to
promote the response of somatic embryogenesis in different species. The
objective of this study it was to evaluate the effect of Polyethyleneglycol
6000 (PEG 6000) and sucrose at different concentrations in the direct
somatic embryogenesis of C. arabica. Foliar explants of plants of the
hybrids H8089, H8105, H8427 and of the cultivar Mundo Novo were
cultured in a direct somatic embryogenesis induction culture medium
with the addition of a combination of PEG 6000 (0, 2 %) and sucrose (0,
10, 20, 30 g/L). Explants from the four genotypes respond to all
treatments with the exception of the those without sucrose. Treatments
with 20 and 30 g/L of sucrose combined with 2 % PEG 6000 caused
greater production of somatic embryos than the others. In addition, in
general in these treatments the embryogenic structures were larger,
which contributes to the promotion of the direct pathway, since they also
form somatic embryos. The obtained results indicate that osmotic stress
induced by PEG 6000 and sucrose can promote the direct route in leaf
explants of C. arabica.
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INTRODUCTION
Somatic embryogenesis is a vegetative multiplication process applied to the majority of

species. Its occurrence is based on the cellular totipotency concept, in which the
vegetable cell has the required genetic information to give origin to a complete and
functional plant [1]. In this process, somatic embryos form from tissue cells of the
explant [2]. Subsequently these embryos reach the plant state with preservation of the
genetic characteristics of the explant donating plant [3]. However, despite scientific
advances, the mechanisms that control the induction of somatic embryogenesis are still

unknown [4].

Somatic embryogenesis can occur by indirect or direct routes [5, 6]. Genotypes of Coffea
arabica can form somatic embryos by the indirect route, which occurs in two phases
with the callogenesis followed by the formation of somatic embryos [7, 8] or direct

route that occurs in a phase without the callogenesis [9, 10, 11, 12] or both.

In the direct path C. arabica explants first develop small embryogenic structures (up to
3 mm) with a hyaline color on their edges, as from the 14th day of cultivation, and
somatic embryos. Somatic embryos are formed at the edges of leaf explants and too on
the surface of embryogenic structures after 90 days [10]. But explants of this species
submitted to direct somatic embryogenesis produce few somatic embryos and the

process occurs over a long period of time [9, 10].

The efficiency of somatic embryogenesis can be affected by the genotype, the
physiological conditions of the explant-donating plant, endogenous and exogenous
hormones, type of culture medium, type of sugar and stress factors [13, 14, 15, 2, 16].
Stress factors have been related to promoting the acquisition of embryogenic
competence in different species [17, 18, 19]. The stress-induction system tends to favor
a greater formation of embryogenic calluses and somatic embryos in the indirect
somatic embryogenesis in different species [20, 21]. But there is a lack of reports of the

effect of osmotic stress on the direct somatic embryogenesis in C. arabica.

Explant cells tend to die under extreme stress but can develop suitable adaptation
mechanisms under moderate stress [22]. Osmotic stress normally influences the plant
metabolism by altering the solute concentrations in the internal and external cell

environments [23, 24, 25), compromising the events of growth and development [26].
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Different types of osmotic agent have been used to change the osmotic potential of in
vitro cultivation systems. Polyethyleneglycol 6000 (PEG 6000) influenced the somatic
embryogenesis response of different species [27, 28, 29]. Sucrose, in addition to acting
as an energy source for the in vitro vegetable tissues, can also act as an osmotic agent,
and as such, is known to affect somatic embryogenesis in various species [30, 31, 32].
Thus, the objective of the present study was to verify the effect of PEG 6000 and sucrose

in controlling the occurrence of direct somatic embryogenesis in C. arabica.

MATERIALS AND METHODS

Leaves collected up to the third pair of plagiotropic branches of adult C. arabica plants
of the hybrids H8089, H8105, H8427 and of the cultivar Mundo Novo during the
morning, located in an experimental area of the Campinas Agronomic Institute, Sdo
Paulo State, Brazil. Soon after collecting the leaves were washed in a detergent solution
and rinsed in running water. They were then immersed in a 2 % sodium hypochlorite
solution for twenty-five minutes, rinsed three times in distilled water and maintained in
a moist chamber with + 80 % humidity. The following day the leaves were disinfested
again as described above. Rectangular explants (1.5 x 2.0 cm) were removed from the

leaves.

In order to induce direct somatic embryogenesis, a culture medium with half the normal
concentration of MS salts [33] was used with the addition of 30 g/L of sucrose and 30
uM of 6-BA (6-Benzyladenine) [9]. In addition, 0, 10, 20 and 30 g/L of sucrose 0 and 2 %
PEG 6000 were also added to the culture medium. The pH value of the medium was
then adjusted to pH 5.8 before autoclaving at 121 2C and 1.5 atm for twenty minutes.
For the germination of somatic embryos and the development of plants in vitro culture
medium with half the concentration of MS salts without the addition of plant growth

regulator was used.

The explants were inoculated in transparent glass pot (150 mL volume) containing 30
mL of culture medium. These explants were placed in the culture medium with the
adaxial face in contact with the glass surface and incubated in the dark at 25 2C. The
somatic embryos obtained were transferred to the germination culture medium. The
flasks with the embryos were kept in the presence of 16 hours of light and 8 hours of

continuous darkness, at 25 2C. Following the germination phase the embryonic axes

www.mutagens.co.in 7366



Journal of Global Biosciences Vol. 9(5), 2020 pp. 7364-7376
ISSN 2320-1355

were transferred to growth and plant development medium. When the embryos
reached the plant stage with four leaf pairs and root presence they were transferred to

the acclimatization phase (Figure 3C).

For experiment was carried out using a completely random experimental design. In
relation to the applied experiment each treatment with twenty repetitions and two
explants each. The treatments were evaluated with respect to the capacity for somatic
embryogenesis, as follows: the number of somatic embryos formed at 280 days
throughout the experiments and estimation of the size of the embryogenic structures at
240 days. The data obtained from number of somatic embryos were analyzed
statistically using the F test, and the means compared using Tukey’s test, both at a level
of 5 %. Data from estimation of the size of the embryogenic structures were expressed

as mean standard error of the media.

RESULTS

Somatic embryos were formed in all treatments with sucrose with or without the
addition of 2 % PEG 6000, except in those without sucrose who did not respond (Figure
1). In the treatments without PEG 6000, the greatest production of somatic embryos
occurred mainly with 30 g/L sucrose, followed by 20 g/L and finally 10 g/L, with
smaller numbers (Figure 1). At 280 days, with 30 g/L, without PEG, the genotype H8089
(Figure 1C) and the cultivar Mundo Novo (Figure 1A) produced the greatest average
number of embryos by explant, followed by H8105 (Figure 1B) and H8427 (Figure 1D)
with, respectively, 46.3, 26.4, 16.6 and 15.5 embryos. With 20 g/L, the cultivar Mundo
Novo and the genotypes H8089 and H8105 formed the most embryos (22, 21.4 and
20.7) and the genotype H8427 formed the least embryos (13.7). On the other hand,
numbers of embryos were formed with 10 g/L, obtaining 18.9, 17.5, 17.3 and 13.7
embryos, respectively from the genotype H8089, the cultivar Mundo Novo, H8105 and
H8427 (Figure 1).

With respect to the combined treatments, with the addition of 2 % PEG, embryo
production was greater principally with 20 and 30 g/L of sucrose and lower with 10 g/L
for most of the genotypes (Figure 1). It should be highlighted too that most of the
treatments combined with 2 % PEG produced more embryos than the equivalent
treatment without PEG. For example, explants of the cultivar Mundo Novo in the

presence of 10, 20 and 30 g/L of sucrose without PEG formed, respectively, after 280
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days, 17.5, 21 and 26.4. However, in the presence of 2 % PEG these treatments had,
respectively 20, 32.4 and 40.2 embryos and, in general, this response pattern was
followed by the other treatments (Figure 1A). Somatic embryos of the four C. arabica
genotypes formed in all treatments were transferred to the germination and plant
growth media, respectively. When the plants had about six pairs of leaves and roots
(Figure 3C) they were transplanted to the acclimatization phase. Part of these plants is

being tested in a field condition to be evaluated for their agronomic characteristics.

In addition to somatic embryos, the response of formation of embryogenic structures at
the edges of leaf explants was verified from the 15th day of cultivation (Figure 2). All the
treatments showed an elevated percentage of these structures of above 70 %, with the
exception of the explants without sucrose, which did not respond (data not shown).
However, the size of the embryogenic structures was affected in a differentiated way by

the sucrose combined, or otherwise, with PEG 6000.

In the absence of PEG, at 240 days the explants of all the genotypes formed larger
embryogenic structures mainly with a dose of 30 g/L of sucrose (Figures 2). However,
the size of the structures varied between the four genotypes for each sucrose dose
without PEG. With the 30 g/L dose, the Mundo Novo cultivar (Figure 2A) and genotype
H8427 (Figure 2D) formed larger structures with a mean size of 17 mm in both cases,
whereas the sizes were smaller for H8089 (Figure 2C) and H8105 (Figure 2B),
respectively 5.7 and 4 mm. In the treatment with 20 g/L, the Mundo Novo cultivar
(Figure 2A) produced structures of 5.2 mm, and H8089, H8105 and H8427 below 4.3
mm (Figures 2C, B, D). With 10 g/L the largest size was 3.7 mm for H8089 (Figures 2C)
and between 1.8 and 2.1 mm for the other genotypes (Figures 24, B, D).

For the treatments combined with 2 % PEG, the explants formed larger embryogenic
structures, principally with 30 g/L (Figure 3C) followed by 20 g/L (Figure 3D) of
sucrose. The size of the structures also varied between the four genotypes. With 30 g/L
of sucrose, the cultivar Mundo Novo (Figure 2A) formed 18 mm embryogenic
structures, followed by the genotypes H8427, H8089 and H8105, respectively, with 9.1,
7.5 and 4 mm (Figures 2D, C, B). With 20 g/L the cultivar Mundo Novo and genotype
H8089 produced the largest structures, followed by H8427 and H8105 with sizes of,
respectively, 11, 10, 8.2 and 4.6 mm (Figures 2A, C, D, BF). With 10 g/L the sizes of the

structures were smaller, between 2 and 6.6 mm (Figures 24, B, C, D).
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Figure 1: Number of somatic embryos formed in C. arabica leaf explants inoculated in a direct
somatic embryogenesis culture medium with addition of sucrose and PEG 6000 addition, both
in different concentrations, kept in continuous dark and at 25 °C, after 280 days from the
beginning of the experiment.
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Figure 2: Estimation of the size of these structures formed in leaf explants of C. arabica grown
in direct somatic embryogenesis culture medium with sucrose and PEG 6000 addition, both in
different concentrations, kept in continuous dark and at 25 °C, after 240 days of the beginning
of the experiment.
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Figure 3: Morphological responses of C. arabica leaf explants inoculated in direct somatic
embryogenesis induction medium in the absence of light at 25 2C. A. Explant with 20 g/L of
sucrose, without PEG 6000. Upper arrow: somatic embryo at the edge of the explant. Bottom
arrow: small embryogenic structure. B. Explant with 30 g/L of sucrose and 2% PEG. Upper
arrow: somatic embryo. Bottom arrow: larger embryogenic structure. (A and B: after 280 days

of the beginning of the cultive). C. In vitro plants of the studied genotypes.

DISCUSSION

The results obtained in this study indicate that sucrose treatments combined with PEG
6000 promoted the capacity of direct somatic embryogenesis of explants from four C.
arabica genotypes for increasing the production of somatic embryos and forming
larger embryogenic structures, except in those without sucrose that did not respond.
The treatments showing no response corroborate the fact that the explants depended

on the energy from the sucrose in order to unleash somatic embryogenesis [34, 35, 36].

The treatments with 20 and 30 g/L of sucrose with 2 % PEG generally promoted the
greater number of somatic embryos in the explants of the four genotypes submitted to
the direct route compared to other treatments (Figure 2) as well as 30 g/L of sucrose
without PEG. Possibly, these treatments induced a certain degree of intensity of
osmotic stress that favored the acquisition of embryogenic competence and led to the
formation of a higher production of somatic embryos. Authors argue that the stress not
only promote dedifferentiation in tissues in vitro but it could also induce the

production of somatic embryos [18]. Others found that vegetable tissue cells of
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Arabidopsis interrupt their cell cycle soon after exposure to osmotic stress, remain
latent for some time, and then proceed with cell proliferation, as their adaptation
response to the stress [37]. In this study, perhaps the greater production of somatic
embryos of C. arabica can be associated as an adaptation response of explant cells to

applied osmotic stress.

Normally, in the direct route, explants of this species usually form small embryogenic
structures up to 3 mm in size that can form somatic embryos [10] (Figure 3A). But in
this study the treatments with by 30 g/L of sucrose combined or not with 2 % PEG also
caused the formation of larger embryogenic structures in C. arabica explants (Figures
2, 3B). Then, larger embryogenic structures are important because they also form
somatic embryos on their surface [10] which contributes to increase promoting the
somatic embryogenesis response. It is also noted in this study that the larger
embryogenic structures (Figures 2, 3C) were generally similar in size and texture to
the calluses formed on the C. arabica explants when submitted to the indirect somatic
embryogenesis. Normally, for callus induction in the indirect route, 30 g/L of sucrose
and 2.4 D are used [8]. But, in this study for induction of the direct pathway, 30 g/L of
sucrose and cytokinin were used, without any auxin, which caused the formation of
larger embryogenic structures, similar to the calluses developed by the indirect route
of C. arabica [7, 8]. It is possible that this response is due to osmotic stress induced by
PEG and sucrose. Endogenous vegetable hormones interact with applied stress leading
to the acquisition of embryogenic competence [19]. It was verified in Oryza sativa that
osmotic stress altered the regulation of the endogenous levels of auxins and other
hormones, favoring the occurrence of callogenesis and regeneration [34]. The
mechanism underlying auxins and stress-induced somatic embryogenesis are not
known, but both conditions induce biosynthesis of endogenous auxins [19]. The
synthesis of endogenous auxins is considered a crucial step in the change towards
totipotent growth. But for a more adequate conclusion about the development of larger
embryogenic structures in the direct pathway, explants of C. arabica should be further

studied in relation to the effect of osmotic stress in this pathway.

Throughout this whole study too it was noted that the three H8105, H8089 and H8427
hybrids responded in differentiated ways to the factors evaluated, these genotypes are

being improvement phase and still have genetic instability while the Mundo Novo

www.mutagens.co.in 7371



Journal of Global Biosciences Vol. 9(5), 2020 pp. 7364-7376
ISSN 2320-1355

cultivar is stable because it is a cultivated material. But, although the hybrids are
genetically unstable, they in general showed similar responses to treatments with PEG

and sucrose.

The osmotic stress induced by sucrose combined with 2 % of PEG 6000 positively
influenced the control of direct somatic embryogenesis in leaf explants of four C. arabica
genotypes, showing an outstanding formation of larger embryogenic structures and an
increase in the production of somatic embryos, these being relevant contributions to the

somatic embryogenesis of this species.
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