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Abstract: Anatomical and histochemical studies were carried out during the
somatic embryogenesis of Syagrus oleracea (Mart.) Becc. from immature
inflorescences. Immature rachillas were inoculated on Murashige and Skoog
medium with 4.52 uM 4-amino-3,5,6-trichloropicolinic acid (Picloram) and
2,4-diclorophenoxyacetic acid. Auxin concentrations were gradually reduced
for the formation of somatic embryos, while for plantlet regeneration, embryos
were inoculated on a medium without growth regulator. After 270 days, two
types of embryogenic calluses were observed in explants under the effect of
Picloram: nodular, with a smooth surface and those without definite shape, with
an irregular surface, both presenting a meristematic zone with polysaccharide
content. Callus progression to the differentiation stage allowed for the conver-
sion of somatic embryos, some with a well-defined protoderm and procambial
bundles. The histochemical analysis of the somatic embryos did not identify
the presence of polysaccharide and protein reserves, which emphasizes the
necessity for optimization of the maturation conditions.
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INTRODUCTION

Syagrus oleracea (Mart.) Becc., popularly known as gueroba in central
Brazil and characterized by its bitter-tasting palm heart, is a palm tree that
reproduces via seeds only (Silva-Cardoso et al. 2017). Its germinative process is
slow, heterogenous, and marked by low seed viability, owing to the destruction
of the embryo by coleopteran Pachymerus nucleorum (Diniz and Sa 1995).
Furthermore, its high heterogeneity resulting from cross-pollination is an
inconvenience to commercial-scale production.

In order for sustainable exploitation of the species to be undertaken as
well as to determine the conditions for the development of future genetic
breeding, selection of superior genotypes, development of efficient propagation
methods, characterization of the remaining genetic variability, and development
of germplasm conservation strategies are required. In this context, somatic
embryogenesis is one of the few alternatives for the clonal propagation of the
species. Immature inflorescences show promise among the explants that may
be used for this technique, due to their low contamination rate (Gadalla et al.
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2017), the high embryogenic potential of calluses (Fki et al. 2011), ease of cloning the donor genotype of the material,
and other advantages.

One of the remarkable characteristics of somatic embryogenesis is the variety of factors that induce the process,
particularly growth regulators at high concentrations, such as the auxins, 4-amino-3,5,6-trichloropicolinic acid (Picloram)
and 2,4-diclorophenoxyacetic acid (2,4-D). However, long-term exposure to growth regulators at high concentrations
has been associated with the occurrence of abnormalities and, thus, low-quality somatic embryos. Consequently, the
development of efficient protocols for somatic embryogenesis that prioritizes low concentrations of growth regulators
is necessary to improve the quality of the somatic embryos obtained and to reduce costs. Low concentrations of auxins
in the culture media, such as 1.0 mg L?, have provided good results in inducing somatic embryogenesis in some palm
trees (Kriaa et al. 2012, Padua et al. 2013). In this context, morphoanatomical analysis is essential to demonstrate the
correct development of somatic embryos, as well as to identify their origin and to detect possible causes of abnormalities.
This study describes the morphoanatomical and histochemical events occurring during the somatic embryogenesis of
S. oleracea from immature inflorescences at low auxin concentrations.

MATERIAL AND METHODS

Experiments were conducted at the Tissue Culture Laboratory Il of Embrapa Genetic Resources and Biotechnology
in Brasilia, DF, Brazil.

Callus induction

Immature inflorescences of S. oleracea were used as the explant source for this study (Figure 1A). They were harvested
from between the internal leaves of the palm heart of an adult plant in the municipality of Itaberai (lat 162 4’ 28.12” S,
long 492 43’ 18.08” W, alt 705 m asl), GO, Brazil.

Figure 1. Morphoanatomical analysis of different responses of immature inflorescences of Syagrus oleracea submitted to somatic em-
bryogenesis. A: Explant before inoculation. B: Swollen inflorescence after 30 days of culture. C: Inflorescence with discrete oxidation and
callus initiation after 90 days of culture. D: Nodular and yellowish embryogenic callus after 270 days of culture. E: Anatomical segment
of the callus mentioned in D; observe meristem and parenchyma zones. F: Starch grains (arrow) in the layer adjacent to the meristem
zone evidenced by Periodic Acid Schiff - PAS and Lugol (side inset in detail). G: Embryogenic callus without definite shape and somatic
embryos (arrow) after 270 days of culture. H: Anatomical segment of embryogenic callus; note the peripheral cells in intense cell division
(lateral square). I: Transition of embryogenic callus into globular-like somatic embryo; observe protoderm in formation (arrow, side inset
in detail) and starch grains (arrow, side inset in detail) in the layer adjacent to the meristem zone. Abbreviations: (ec) embryogenic callus;
(inf) inflorescence; (mz) meristem zone; (pz) peripheral zone. Bars = A-D: 1mm; G: 2 mm; E, H, I: 200 uM and F: 50 pM.
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Closed and chlorophyll-less spathes of differing lengths (6.0 - 41.5 cm), which contained immature inflorescences
with different stages of development in their interior, were disinfested in a laminar flow chamber, following the method
of Luis and Scherwinski-Pereira (2014). After disinfestation, the spathes were carefully opened, and the rachis containing
immature rachillas were exposed. The rachillas were split into segments measuring between 0.5 and 1.0 cm (Figure 1A)
and subjected to one of two treatments characterized by inoculation on Murashige and Skoog basal medium (Murashige
and Skoog 1962), supplemented with 30 g L sucrose, 0.5 g L' glutamine, 0.2 g L cysteine and either Picloram or 2,4-
D at a concentration of 4.52 uM. The pH was adjusted to 5.8 + 0.1 prior to the addition of the gelling agent (2.5 g L*
Phytagel). The medium was sterilized by autoclaving at 121 eC, for 20 minutes, at a pressure of 1.5 atm. The rachillas
were inoculated in 14 Petri dishes (15 x 90 mm) containing approximately 25 mL of culture medium, with five explants
in each one. Once inoculated, the materials were kept in the dark, in a growth room at 25 * 2 2C, for 270 days, without
subculturing.

Differentiation of somatic embryos

In order for the somatic embryos to be differentiated, explants containing embryogenic calluses were transferred
to the same formulation of the culture medium of the induction stage, supplemented with 30 g L*sucrose, 0.5 g L*!
glutamine, 0.5 g L' cysteine, 0.5 g L*hydrolyzed casein, and either Picloram or 2,4-D, at concentrations that were reduced
monthly to 2.26 uM, 0.45 uM, and 0.045 uM. At this stage, the embryogenic aggregates were kept in a dark growth
room at 25 + 2 °C for 90 days (totaling 360 days of culturing).

Regeneration of plantlets

For conversion into plants, somatic embryos similar to the torpedo stage were inoculated on the regeneration medium,
which was the same as the original basic medium with the addition of 30 g L? sucrose, 0.5 g L glutamine, 0.5 g L?
cysteine, 0.5 g L hydrolyzed casein, and 2.5 g L™ activated charcoal, for 150 days (totaling 510 days of culturing), until the
development of root and shoot. Explants were cultured in 250 mL glass flasks in a growth room at 25 +2 °C, luminosity at
100 um.m2s?, for a 16 h photoperiod.

Anatomical and histochemical analysis

Samples of uncultured materials from different callogenic formations (after 270 days of culturing) and somatic
embryos at different stages of development (after 360 days of culturing) were harvested for anatomical analyses. Fixation,
dehydration, and embedding of the collected plant materials were carried out according to the following protocol: fixation
in a modified Karnovsky solution (Karnovsky 1965), with 4% paraformaldehyde, 2.5% glutaraldehyde, and 0.05 M (pH
7.2) sodium cacodylate buffer, for 24 h, followed by three washes in a sodium cacodylate solution (0.05 M, pH 7.2), for
1 h each. Dehydration in an ascending alcohol series (30 - 100%), for 1 h was then carried out, followed by histological
infiltration (Leica, Germany), according to the manufacturer’s specifications.

Segments (3 - 7 um) obtained from a manual rotatory microtome, were stretched and adhered to microscopic slides
on a plate heated to 40 °C. They were then stained with toluidine blue (0.5%) for structural characterization (O’Brien
et al. 1964). The segments obtained from the embedded material were subjected to the following histochemical tests:
periodic acid—Schiff (PAS) (O’Brien and McCully 1981), used to identify neutral polysaccharides; Lugol’s solution (Johansen
1940), to detect starch grains; and xylidine ponceau (XP), used for the visualization of proteins (Vidal 1970). Images were
obtained and analyzed with a Leica DM 750 microscope and the Leica Application Suite EZ program.

Scanning Electron Microscopy (SEM) of somatic embryos and Transmission Electron Microscopy (TEM) of zygotic
embryos of the species followed the protocol by Luis and Scherwinski-Pereira (2014) and Borji et al. (2017), respectively,
with modifications.

RESULTS AND DISCUSSION

At 30 days of culture, swelling of most explants was observed (Figure 1B). At 90 days, mild oxidation and incipient
callogenic formations (Figure 1C) were observed. A watery primary callus with a slimy consistency, a compact and nodular
embryogenic callus with yellowish coloration, most of which had a smooth surface (Figure 1D), and an embryogenic
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callus without definite shape and with an irregular surface (Figure 1G) were observed after 270 days of culture on a basal
medium. It is worth noting that embryogenic formations were only reported in explants under the effect of Picloram. In
addition to calluses, the formation of somatic embryos in the globular-like stage (Figure 1G), some of them fused (Figure
2), were verified. The time required for the formation of embryogenic structures from immature inflorescences of S.
oleracea was relatively short compared to that reported for Elaeis guineensis by Teixeira et al. (1994), which required
81 weeks (567 days).

Analysis of embryogenic calluses obtained from immature inflorescences revealed different anatomical characteristics.
The compact, nodular, yellowish embryogenic callus with a smooth surface (Figure 1D) displayed a large internal zone
composed of cells with meristem characteristics (small cells with a dense cytoplasm, voluminous nuclei, evident nucleoli,
fragmented vacuoles, and intense cell division) and a narrower peripheral zone formed by cells with parenchyma
characteristics, which were highly vacuolated (Figure 1E). The bordering region between the two zones was similar to
that described as cambium-like by Verdeil et al. (1994), in calluses from immature inflorescences of Cocus nucifera.

Embryogenic calluses without definite shape and with irregular surfaces (Figure 1G) showed an opposite pattern to
the compact, nodular ones previously discussed. They were characterized by parenchyma cells with variable vacuolation,
placed more internally, and by cells with meristem characteristics (at different phases of mitosis), placed within the
peripheral region of the callus (Figure 1H). The histological analysis of this last callus suggests a multicellular origin
of the somatic embryos obtained. Note the acquisition of the protoderm by the multicellular complex (Figure 11). In

Figure 2. Morphological evolution of primary callus into plantlets of Syagrus oleracea from immature inflorescence in a medium
with Picloram. A-D: Development of somatic embryos at 30, 60, 120 and 150 days, respectively, in induction medium. E, F: Somatic
embryos in regeneration medium; note the presence of trichomes (*), green appearance and fusion. G: Fused plantlets. Bars = A: 1
mm and B-G: 2 mm.
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histochemical terms, PAS and Lugol reagents revealed significant polysaccharide content (starch grains), mainly in the
peripheral zone adjacent to the meristemic one, in the two embryogenic calluses analyzed (Figures 1F, 1), which may
potentially subsidize them energetically.

During the differentiation of somatic embryos, the gradual conversion of embryogenic calluses into somatic embryos
was also observed. This was coupled to the evolution of somatic embryos formed in the induction phase towards more
advanced stages. They are characterized by an opaque whitish coloration, some of which have an elongated shape similar

Figure 3. Morphoanatomical analysis of somatic embryos developed from embryogenic calluses of immature inflorescence, and
anatomical and ultrastructural analysis of zygotic embryos of Syagrus oleracea. A: Somatic embryos. B: Surface of somatic embryo
by Scanning Electron Microscopy. C: Somatic embryos with protoderm and procambium. D: Detail of the protoderm and ground
meristem. E: Detail of the procambium. F: Ground meristem of zygotic embryo. G: Protein bodies stained with Xylidine Ponceau in
cells of the ground meristem of zygotic embryo. H: Cell ultrastructure of the ground meristem of zygotic embryo; note conspicuous
protein bodies and abundant lipid bodies. I, J: H in higher magnification. Abbreviation: (pb) protein body; (Ib) lipid body; (se) somatic
embryo; (ve) vessel element; (inf) inflorescence; (gm) ground meristem; (pc) procambium; (pt) protoderm. Bars = A: 2 mm; B, C: 500
uM; D, E: 50 uM; F, G: 20 uM; H: 2 uM and |, J: 0.5 pM.
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to the torpedo stage (Figure 3A). It should be emphasized that the process was sharply asynchronous and presented a
relatively high rate of fused somatic embryos (Figure 2), which may be related to the disruption during the polarization
of embryogenic units of multicellular origin (Michaux-Ferriere et al. 1992), as proposed in this study. The observed
asynchrony has also been recurrent in other embryogenic systems (Scherwinski-Pereira et al. 2010, Padua et al. 2017).

After the first 120 days in the regeneration medium, two different responses were observed in the medium totally
devoid of growth regulators and under light conditions: germination (the emergence of the aerial part and root system)
of a few somatic embryos (Figure 2G) and the sole emergence of the aerial part of a significant portion of somatic
embryos which gradually acquired a green pigmentation. Although some clusters of somatic embryos emitted both
meristems, they displayed a limited number of roots for multiple shoots, which hampered the isolation of each shoot
and subsequent acclimatization, as reported by Jayaraj et al. (2015). Since the somatic embryos in which only the aerial
part emerged did not survive, the adoption of an additional rooting treatment was not possible.

With regards to the anatomy of somatic embryos, the presence of the protoderm (Jalil et al. 2008) and evident
procambial bundles (regardless of the callus — without connection to maternal tissue) confirms them as true somatic
embryos (Raju et al. 2014) (Figure 3). The histochemical analysis did not identify the presence of polysaccharide and
protein reserves in the somatic embryos obtained. It is worth mentioning that the principal reserves of zygotic embryos
of the species are protein and lipids (Figure 3F-J), with starch limited to the remnants in the haustorial region and near
the plumule (data not shown).

The total absence of protein in somatic embryos at a more advanced stage of development agrees with past research
on palms (Goh et al. 2001, Sané et al. 2006) and emphasizes the necessity for optimization of the maturation conditions,
for example, by manipulation of the components of the medium culture. The latter enables the accumulation of sufficient
reserves for satisfactory germination of somatic embryos obtained. According to Joy IV et al. (1991), several factors may
influence the pattern of reserve deposition during somatic embryogenesis, such as the absence of maternal influence,
water content, growth regulators, the concentration of salts, carbon source, and stability of the osmotic environment.

CONCLUSION

Picloram at low concentration (4.52 uM) enables the formation of embryogenic calluses from immature inflorescences
in S. oleracea. The process is asynchronous with a probable multicellular origin. Under the conditions used in this study,
somatic embryos formed were deficient in polysaccharide and protein reserves, which indicates the need for further
optimization of the final stages of the process.
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