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ABSTRACT: Macaw palm (Acrocomia aculeata (Jacq.) Lodd. ex Mart.) is a tropical species with multiple uses,
including oil supply for biodiesel production. However, structural and physiological studies of the seed are still
scarce, as well as in vitro propagation techniques. The aim of this study was to characterize the anatomy,
histochemistry and ultrastructure of the seed and the i7 vitro somatic embryo of A. aculeata, gaining insight
into relationships between the post-harvest seed behavior and the somatic embryo conversion to plant. The
zygotic embryo and the endosperm show high quantities of protein and lipids, stored in protein and lipid
bodies, respectively. The cell wall storage polysaccharides occur in the thickened cell wall of the endosperm.
The absence of vacuoles and the few organelles, except for the storage ones, indicate low metabolic state of the
zygotic embryo, which suggests a orthodox behavior of the seed at maturity. The somatic embryo shows a
shoot meristem with few leaf primordia, vacuolated cells and, occasionally, amyloplasts , but not lipid or
protein reserves. These characteristics, common in somatic embryogenesis, could be associated with the
maturation phase, and, consequently, with the low conversion of these embryos into plants.
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Anatomia, histoquimica e ultra-estrutura da semente e do embrido
somatico de Acrocomia aculeata (Arecaceae)

RESUMO: A macatba (Acrocomia aculeata (Jacq.) Lodd. ex Mart.) € uma espécie tropical com multiplos usos,
incluindo a geragio de 6leo para a produgio de biodiesel. Entretanto, estudos estruturais e fisiologicos da
semente ainda s3o escassos, assim como as técnicas de propagacio in vitro. Caracterizaram-se a anatomia, a
histoquimica e ultraestrutura da semente e do embrido somatico de A. aculeata obtido in vitro, visando a obter
relagdes entre o comportamento pos-colheita da semente e a conversio em planta a partir do embriio somatico.
O embrido zigotico e o endosperma apresentam alta quantidade de proteinas e lipidios, estocados em corpos
protéicos e lipidicos, respectivamente. Os polissacarideos de reserva da parede celular estdo presentes nas
paredes celulares espessadas do endosperma. A auséncia de vactiolos e as poucas organelas visualizadas, exceto as
organelas de reserva, indicam baixo estado metabdlico do embriio zigdtico, o que sugere comportamento
ortodoxo da semente madura. O embriio somatico apresenta meristema apical com poucos primérdios foliares,
células com vactolos conspicuos e, ocasionalmente, amiloplastos, mas nio ha reservas protéicas ou lipidicas.
Essas caracteristicas, comuns na embriogénese somatica, podem estar associadas a fase de maturacio dos embrides
e, consequentemente, com a baixa conversio desses embrides em plantas.
Palavras-chave: macatiba, embriio zigético, endosperma, substincias de reserva

Introduction through seeds, but the development and improvement of
in vitro propagation techniques are necessary to speed up

Macaw palm (Acrocomia aculeata) is a monoecious
member of Arecaceae family with great dispersion in
America and very common in areas of the Brazilian
Cerrado. Among oleaginous plants, macaw palm is the
second most productive (1500 to 5000 kg oil ha™), infe-
rior only to oil palm (Elaeis guineensis). Besides the high
productivity achieved after four years of growth, A.
aculeata can produce for over 100 years, and that gives
this species a great potential for biodiesel production.

Data about the structure of A. aculeata seed and its
technological characteristics are still scarce, especially
those referring to anatomical, histochemical and ultra-
structural aspects. Propagation is usually carried out

and facilitate genetic breeding programs. Somatic em-
bryos in vitro were recently obtained (Moura et al., 2008,
2009), but the rate of plantlets conversion is still low.

Light and transmission electron microscopy tech-
niques have been used as tools to characterize palm
seeds (Aguiar and Mendonga, 2003; Panza et al., 2004),
storage reserves (Alang et al., 1988; De Mason et al.,
1983), embryos (DeMason, 1988) and also to evaluate
the development of somatic embryos in vitro
(Aberlenc-Bertossi et al., 1999; Duval et al., 1995;
Kanchanapoom and Domyoas, 1999; Rajesh et al., 2003;
Schwendiman et al., 1988; Tisserat and De Mason, 1980;
Verdeil et al., 1994).
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The objective of this study was to characterize the
anatomy, histochemistry and ultrastructure of A.
aculeata seed and somatic embryos obtained in virro,
aiming to establish connections between the seed post-
harvest behavior and the establishment of plants from
somatic embryos.

Material and Methods

Material source

The seeds were obtained from mature fruits of A.
aculeata plants from the West Region of the state of
Minas Gerais, Brazil (16°21” S, 44°12* W). The endocarp
and mesocarp were manually removed and the endocarp
was creaked using a bar clamp to obtain the seeds. Indi-
rect somatic embryos were obtained from zygotic em-
bryos. The embryogenic callus was started in Petri dishes
on a medium composed of Y3 salts (Eeuwens, 1978),
68.46 g L™ sucrose, 1.0 g L™ hydrolyzed casein, 100 g L™
myo-inositol, 9 UM picloram, and solidified with 2.5 g
L™ gelrite (Moura et al., 2009). After 60 days of induc-
tion in the dark, at 25 + 2°C, the somatic embryogenic
callus formed was subcultured for another 60 days in
the same medium supplemented with 3 g L™ active char-
coal to generate somatic embryos (Moura et al., 2009).
The somatic embryos were germinated in the medium
above but deprived of picloram.

Light microscopy (LM)

Seed coat, endosperm and zygotic embryo, fresh or
fixed for 48 hours in FAE, (formalin: acetic acid: 50%
ethyl alcohol, 5:5:90, v/v/v) and stored in 70% ethanol
(Johansen, 1940), were transversally sectioned in a table-
microtome (LPC Rolemberg & Bhering). The his-
tochemical tests used were: periodic acid-Schiff reagent
(PAS) stain (Feder and O’Brien, 1968) for polysaccha-
rides with vicinal glycol groups, iodine zinc chloride
(Johansen, 1940) and calcofluor white MR2 (Hughes and
McCully, 1975) for cellulosic polysaccharides, Ruthe-
nium red (Johansen, 1940) and coriphosphine (Ueda and
Yoshioka, 1976) for pectins, Lugol’s iodine solution
(Johansen, 1940) for starch, xylidine Ponceau (Vidal,
1977) for proteins, Sudan black B (Johansen, 1940) for
lipids, Nile blue sulphate (Cain, 1947) for acid and neu-
tral lipids, osmium tetroxide (Ganter and Jollés, 1969)
for unsaturated lipids, ferric trichloride (Johansen, 1940)
for phenolic compounds and phloroglucin (Johansen,
1940) for lignin.

Portions of 0.25 cm” of seed coat, endosperm, zygotic
and somatic embryos were embedded in methacrylate
(Leica Historesin), according to the manufacturer’s rec-
ommendations and were transversally and longitudi-
nally sectioned in a rotate microtome (Spencer 820), with
5pum thickness. Toluidine blue O (O’Brien et al., 1964)
was used for metachromasy and as a counter-staining to
Lugol for starch detection. Standard control procedures
were carried out simultaneously. Polarized light was
used for detection of anisotropic substances. Histochemi-
cal tests applied in a fresh material were also performed

in embedded material. The images were obtained using
Olympus (AX-70) light microscope, equipped with pho-
tographic system U-photo, and the Spot-Basic software.
Fluorochromes (coriphosphine and calcofluor white)
and autofluorescence investigation were used in an
epifluorescence system equipped with a UV filter (WU:
330-385 nm), a dichroic mirror (400 nm) and a barrier
filter (420 nm).

Transmission electron microscopy (TEM)

One mm’ portions of endosperm, zygotic and so-
matic embryos were fixed with 2.5% glutaraldehyde in
0.1M sodium phosphate buffer, pH 7.2, for 4h, at room
temperature, and rinsed in the same buffer six times for
10 min. The material was postfixed in 1% sodium phos-
phate buffered osmium tetroxide (OsO,) for 4h, at 4°C,
and rinsed in the same buffer six times for 10 min. After
dehydration in a graded ethanol series, the material was
embedded in Spurr’s epoxy resin. Ultrathin sections
were cut at a thickness of 60 to 90 nm on a MT2-B ultra-
microtome (Du Pont-Sorval) with a diamond knife. Sec-
tions were collected on Formvar-coated copper grids and
conventionally stained with uranyl acetate and lead cit-
rate. Specimens were observed with a Zeiss EM 109
transmission electron microscope operating at 80kV.

Results

The seed of A. aculeata is heart-shaped to triangle-
shaped in a longitudinal section, has a dark and thin seed
coat (Figure 1A-C), is filled by the abundant endosperm
and a diminutive embryo (Figure 1C-D), and has an
empty and small central cavity. The seed coat is smooth,
thin and composed by approximately 20 layers of iso-
diametric no living cells, which have thin and non-ligni-
fied walls (Figure 2A). The brown color of the seed coat
(Figure 1) is generated by an orange substance present
in its lumen cells, a phenolic compound revealed by the
ferric trichloride test (not shown) and by the green to
yellow color with toluidine blue (Figure 2A). The lack
of mechanical resistance of the seed coat may be associ-
ated with the presence of the sclerified endocarp, which
guarantees mechanical protection to the seed.

Endosperm

The endosperm of A. aculeata seed is plentiful, whit-
ish, and relatively hard and oily (Figure 1C). The cells
are isodiametric and polygonal in paradermal sections
(Figure 2G-I). They are more extended in transversal sec-
tions (Figure 2B-F), with thick and electron-dense walls
(Figure 3A-B) that constitute insoluble carbohydrates re-
serves, as shown by the PAS test (Figure 2B). Cell walls
are non-cellulosic and non-lignified, as confirmed by tests
with iodine zinc chloride and chloridic vaniline, respec-
tively. The chemical composition of the cell walls, how-
ever, seems not to be uniform, and the inner cell wall col-
ored more intense, as shown by the toluidine blue (Fig-
ure 2C). The ruthenium red test shows that the inner cell
wall layer is rich in pectins, with a strong rose color (Fig-
ure 2D). The same is shown by the coriphosphine test, a
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Figure 1 - Acrocomia aculeata seeds (A-C) and embryos (D).
A-B: Hole seeds in longitudinal (A) and transversal
(B) view (bars = 5 mm). Arrows indicate the embryo
position in the seed. C: General aspect of de seed
sectioned longitudinally (bar = 5 mm). D: Two
embryos separated from the seed (bar = 1 mm). E,
embryo; en, endosperm; dr, distal region; pr,
proximal region; sc, seed coat.

Figure 2 - Light micrographs of Acrocomia aculeata seed coat
(A) and endosperm (B-I) submitted to different
histochemical tests. A, G-I: Fresh sections. B-F:
Metacrylate embedded sections. A: Seed coat and
adjacent endosperm coloured with toluidine blue;
positive reaction for phenolic coumpounds gives a
green color (bar = 50 um). B: PAS for
polysacchaderides; positive reaction shows magenta
color (bar = 50 um). C: Toluidine blue for
metacromasy (bar = 50 pm). D: Ruthenium red for
pectins; positive reaction shows rose color (bar = 50
um). E: Coriphosphine for pectins; positive reaction
shows orange secondary fluorescence (bar = 50 pum).
F: Calcofluor white for cellulosic polysaccharides;
positive reaction shows pale blue secondary
fluorescence (bar = 50 um). In C-F, arrows show

¥ the inner wall layer differentially stained. G: Sudan

, black B for lipids; positive reaction gives a dark blue

By - color (bar = 25 um). H: Nile blue for neutral lipids;

_ F | positive reaction shows pink color (bar = 25 um). I:
il Xylidine Ponceau for proteins; positive reaction shows

Figure 3 - Transmission electron micrographs of Acrocomia red color (bar = 25 um). En, endosperm, 1, lipid; pb,

aculeata endosperm. A: General aspect of an protein body; sc, seed coat.

endosperm cell with protein and lipid bodies (bar =
5 um). B: Detail of the cell wall and of coalesced
lipid bodies (bar = 2 um). C: Protein bodies with
numerous inclusions globoid crystals and protein
crystalloids (bar = 2 wm). D: Detail of a protein

fluorochrome that indicates the pectin presence in the in-
ner cell wall layer by a secondary orange fluores-
cence (Figure 2E). Calcofluor white, which is used

body (bar = 0.5 um). In A, C and D, globoid crystals for B-(1—4)(1—>3)D glucans detection, also shows that the
are indicated in empty areas that contained globoid inner cell W_?"H 13}"_31’ , with the. more intense pal.e blue fluo-
crystals before they chipped out during sectioning. rescence, differs in composition in comparison to the
Cw, cell wall; 1b, lipid body; i, inclusions; pb, protein outer cell wall layer (Figure 2F). The middle lamella is
body; pc, protein crystalloid. weakly stained by all tests applied for pectins.
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The presence of lipids is confirmed by Sudan black
B (Figure 2G) and osmium tetroxide tests, which reacts
positively for lipids. Nile blue test (Figure 2H) confirms
the presence of neutral lipids, as triacylglycerols, which
are colored in pink. The lipids are stored in the form of
lipid bodies (Figure 3). Protein bodies are stained posi-
tively by PAS (Figure 2B) and by the xilidine Ponceau
test, which stains the protein bodies in red (Figure 2I).
The protein bodies are large and spherical, with an elec-
tron-dense proteinaceous matrix and numerous inclu-
sions of globoid type (small and rounded) and protein
crystalloids (big, prismatic and more electron-dense than
the protein matrix) (Figure 3A, C-D). The lipid and pro-
tein bodies occupy together, a great proportion of the
total endosperm cell lumen. The nucleus is prominent
in the endosperm cells, but only a few organelles are
visualized besides lipid and protein bodies. The accu-
mulation of lipid and protein bodies is uniform in all
regions of the endosperm.

The embryo of A. aculeata is key shaped, whitish and
has approximately 4 mm in length (Figures 1C-D, 4A).
The proximal region (Figure 1D, 4A, D), connected with
the seed coat, is narrower than the distal region and has
yellow color.The distal region, connected with the en-
dosperm, is more dilated and clearer than the proximal
region (Figure 1D, 4A-B). The shoot apical meristem is
covered by two or three leaf primordia, curved and ob-
liquely angled with respect to the cotyledon axis, on the
proximal region (Figure 4A, D, F). The distal region (Fig-
ure 4A-B) is composed entirely of the highly developed
cotyledon and there are many invaginations in the re-
gion connected to the endosperm which gives it a rumi-
nate aspect (Figure 4E). Protodermis, ground meristem
and procambial strands can be identified in all embryo-
genic structure by their cells shape, size and position (Fig-
ure 4). Procambial cells are long, narrow and intensely
stained by the toluidine blue O. The procambial strands
is closely related to the leaf primordia in the proximal
region (Figure 4D), and ramify in the median region (Fig-
ure 4C) toward the distal region (Figure 4B), becoming
peripheral, closer to the protodermis. Ground meristem
cells are isodiametric, and are bigger on the medular
than in the cortical cotyledon region. Protodermis cells
are tabular in outline, prominent in the distal region and
they form a distinct layer that covers the entire embryo.

The zygotic embryo cell walls are thinner than en-
dosperm cell walls (Figure 5A-D). The nucleus is con-
spicuous and the largest portion of the cytoplasm is oc-
cupied by lipids (Figures 4G- I), and proteins, (Figure
4]), which are stored in lipid (Figure 5A-C) and protein
bodies (Figure 5A-B), respectively. Lipids are identified
by tests with Sudan black B (Figure 4G), osmium tetrox-
ide (Figure 4H) and Nile blue (Figure 4I), but apparently
in smaller amounts than in the endosperm. The lipid
bodies are small and fill the entire cytoplasm portion
that is not occupied by other organelles (Figure 5A-C).
The protein bodies are stained in red with xylidine
Ponceau (Figure 4]), and are proportionally more abun-

dant in the zygotic embryo than in the endosperm; they
only have globoids distributed in the proteinaceous ma-
trix (Figure 5A-B). There are no starch grains identified
by the PAS test or lugol reagent. In general, the compo-
sition of the zygotic embryo storage reserves is very
similar to the endosperm, except for the stored polysac-
charides of the cell wall, which are scarcer (Figure 5A-
B). The storage substances occur in all regions of the zy-
gotic embryo, mainly in the protodermal and ground
meristem cells.

The somatic embryo has rounded or long shape, with
cream color (Figure 6A-B). The separation between the
distal and proximal regions is not evident, as occurs in
the zygotic embryo. Protodermis, ground meristem and
procambium, are clearly identified. The shoot meristem
is also present, but there is only one leaf primordium
(Figure 6C) and in the zygotic embryo there are two or
three well developed leaf primordium. Cell walls are
also thinner than in the zygotic embryo, but have some
regions of irregular thickening (Figures 6D-E, 7A-B). The
nuclei are prominent, and, occasionally, contain more
than one nucleolus (Figures 6D, 7A). Cytoplasm is abun-
dant, partially electron-dense, and has many and large
vacuoles, which occupy a considerable portion of the
cytoplasm (Figure 7A). In some cells, the vacuoles
present granular regions with electron-dense material,
alternating with clearer areas (Figure 7B). There are no
lipids or protein as storage material. There are rounded
and membrane-delimited structures or vesicles, with
small amount of granular material in their interior (Fig-
ure 7B), either in vacuole or in the region next to the
plasma membrane. Also, in several points, these vesicles
coalesce with the plasma membrane, in a process simi-
lar to an exocytosis (Figure 7C-D). Occasionally, amy-
loplasts were present and identified by lugol reagent
(Figures 6E, 7E-F), however, they are not abundant or
uniformly distributed all over the somatic embryo cells.

Discussion

The seed coat of A. aculeata is mechanically fragile
because the isodiametric cells of thin and non-lignified
walls, do not confer mechanical protection, which is
guaranteed by the hard sclerenchymatous and lignified
endocarp as in Cocos nucifera (Roth, 1977). The en-
dosperm of A. aculeata has characteristics of other spe-
cies of palms, since it is abundant and hardened, rich in
lipids, proteins and cell wall storage polysaccharides
(Alang et al., 1988; Aguiar and Mendonga, 2003;
DeMason et al., 1983; DeMason, 1988; Panza et al., 2004).
These lipids found in palm seeds are insaturated lipids
used in biodiesel process and the levels of such lipids
could be genetically improved in breeding programmes
selecting elite plants by somatic embryogenesis.

In palm seeds, the endosperm cell wall is generally
thicker because of the deposition of cell wall storage
polysaccharides, mainly the hemicelluloses mannan
(Buckeridge et al., 2000). In A. aculeata the endosperm
cell walls are not very thick, and the primary pit fields
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Figure 4 - Light micrographs of zygotic embryo of Acrocomia aculeata stained with toluidine blue (A-F) and submitted to different
histochemical tests (G-]). A-F: Metacrylate embedded sections. G-J: Fresh sections. A: Longitudinal section of the zygotic
embryo (bar = 250 um), arrows indicate positions of transversal sections in B, C and D. B: Distal region (bar = 250 pm).
C: Median region (bar = 300 wm). D: Proximal region (bar = 300 pum). E: Detail of the distal region, on transversal
section, with the invaginations of the cotyledon (bar = 70 um). F: Detail of the proximal region, on transversal section,
with the shoot meristem (bar = 150 wm). G-J: Transversal sections (bar = 15 um). G: Sudan black B for lipids, positive
reaction shows dark blue color. H: Osmium tetroxide for lipids, positive reaction shows brown color. I: Nile blue for
neutral lipids, positive reaction shows pink color. J: Xylidine Ponceau for proteins, positive reaction shows red color. Dr:
distal region; gm: ground meristem; in, invagination; l: lipid; Ip: leaf primordia; pb: protein body; pc: procambial strand; pd:
protodermis; pr: proximal region; s: slit; sm: shoot meristem.
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Figure 6 — Somatic embryos of Acrocomia aculeata. A: In vivo
somatic embryo (bar = 1 mm). B-E: Light
micrographs of metacrylate embedded sections

Figure 5 - Transmission electron micrographs of Acrocomia

aculeata zygotic embryo. A: General aspect of
ground meristem cells (bar = 3 wm). B: Detail of
the cell wall, lipid bodies and protein bodies with
spherical inclusions of two adjacent cells (bar = 1
um). C: Detail of lipid bodies (bar = 0.2 um). D:
Detail of the cell wall of two adjacent cells with
electron-dense middle lamella (bar = 0.3 pm). C,
citoplasm; cw, cell wall; i, inclusion; is, intercellular
space; 1b, lipid body; ml, middle lamella; n, nucleus;
pb, protein body.
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stained with toluidine blue (B-D) or with toluidine
blue and lugol (E). B: Detail of somatic embryos
emerging from budding (bar = 200 um). C: Section
of the shoot meristem and leaf primordia of somatic
embryo (bar = 50 pm). D-E: Transversal sections
(bar = 15 um). D: Detail of somatic embryo cells,
arrows indicate cells with nuclei and more than one
nucleolus. E: Staining with toluidine blue and lugol
indicates starch grains (arrows). Lp: leaf primordia;
pc: procambial strand.
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Figure 7 - Transmission electron micrographs of Acrocomia
aculeata somatic embryo from in vitro culture. A:
General aspect of vacuolated ground meristem cells
with no apparent storage material (bar = 3 um). B:
Vacuole presents electron-dense granular content
and vesicular structures (arrow) surrounded by
membrane and electron-dense content (bar = 1 um).
C-D: Vesicular structures (arrows) starting to fuse
with the plasma membrane (C, bar = 0.5 um; D,
bar = 0.2 um). E-F: Amyloplasts with several starch
grains (E, bar = 1 pm; F, bar = 0.5 pm). C:
cytoplasm; cw: cell wall; n: nucleus; s: starch grain;
v, vacuole.

are inconspicuous. Therefore, three layers were differ-
entiated in endosperm cell walls of some palms, as in
Phoenix dactylifera (DeMason et al., 1983), Washingtonia
filifera (DeMason, 1986) and Euterpe edulis (Panza et al.,
2004). These layers, the middle lamella and the outer and
inner walls, are also present in the endosperm cell walls
of A. aculeata. In this species, pectins present in the
middle lamella and especially in the inner cell wall
layer could be recognized in a small amount.

Thus, the mannan hemicelluloses dominate the com-
position of A. aculeate endosperm cell walls. “Pure man-
nans”, or polysaccharides which contain less than 10%
of nonmannose sugar residues, are the major polysaccha-
ride extracted from the mature endosperm of all palm spe-
cies studied (Meier and Reid, 1982). Mannans compound
the endosperm cell walls of the date palm (Phoenix
dactylifera) and ivory nut palm (Phytelephas macrocarpa

(Meier, 1958; Meier and Reid, 1982). Mannans function
as storage polysaccharides after germination and are also
related to endosperm stiffness and control of the radicle
protrusion (Alang et al., 1988; Buckeridge et al., 2000).

The cell wall storage polysaccharides of the en-
dosperm represent storage for the post-germinative pe-
riod (Buckeridge et al., 2000), but lipids and proteins
found in the endosperm and zygotic embryo are reserves
consumed in the initial stages of germination and plant-
let establishment (Bewley and Black, 1983). However,
in the palm Elaeis guineensis the insoluble polysaccha-
rides are degraded and utilized more rapidly than lipid
during the early stages of germination (Alang et al.,
1988). The triacylglicerols constitute the main class of
lipids in seeds and they are stored in the lipid bodies
(Ferreira and Borguetti, 2004), as verified in other spe-
cies of Arecaceae (DeMason and Thomson, 1981;
DeMason et al., 1983; Panza et al., 2004). In A. aculeata,
the lipid bodies are abundant in the endosperm and zy-
gotic embryo cells, and triacylglycerol are rich in satu-
rated fatty acids, especially lauric acid (Hiane et al.,
2005). The lipid bodies are much expanded in the en-
dosperm, as if they had partially adhered, which cer-
tainly were an artifact during processing. In Euterpe
edulis (Panza et al., 2004), as in A. aculeate, mature seeds
are analyzed, and the lipid bodies are similar. In palms
such as Washingtonia filifera (DeMason, 1986) and Phoe-
nix dactylifera (DeMason et al., 1983), the seeds were
soaked in water for several days before fixation, and the
lipid bodies were smaller, rounded and were not coa-
lesced, however, the germinative process was initiated.

The protein bodies of A. aculeata endosperm show
globoid crystals and one or more protein crystalloids
in the proteinaceous matrix. The zygotic embryo only
has globoids spread in the proteinaceous matrix, which
constitute mineral reserve, especially phytin (Lott, 1981).
The ultrastructural differentiation of protein bodies also
occurs in the seeds of Washingtonia filifera (DeMason,
1986, 1988). In the embryos, protein bodies are smaller
and contain only globoids, and in the endosperm, they
are bigger, with globoids and also protein crystalloids
included in the proteinaceous matrix (DeMason, 1986,
1988). In Euterpe edulis (Panza et al., 2004), where there
are no protein and lipid reserves in the embryo, but only
in the endosperm, the protein bodies are similar to the
ones found in the endosperm of A. aculeata. There were
several embryo- and endosperm-specific proteins in Phoe-
nix dactylifera; and the latter are consistent with the hy-
pothesis that the endosperm is a possible source of hy-
drolytic enzymes during germination and seedling de-
velopment (Sekhar and DeMason, 1988).

Besides the conspicuous and corpulent nucleus, few
organelles can be visualized in the endosperm cells, in
addition to those related to lipid and protein accumula-
tion. This may suggest low metabolic activity and en-
dosperm function more restricted to storage, as verified
in the endosperm of Phoenix dactylifera (DeMason et al.,
1983) and Washingtonia filifera (DeMason, 1986).
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Considering the morphology, the zygotic embryo is
similar to most embryos of the Arecaceae family and
has a single corpulent cotyledon and a short radicle hy-
pocotyl axis and an epicotyl (Aguiar and Mendonga,
2003; Kanchanapoom and Domyoas, 1999; Panza et al.,
2004; Steinmacher et al., 2007). The apical meristem cov-
ered by the leaf primordia is obliquely angled with re-
spect to the cotyledon axis, as in the embryos of Elaeis
(Kanchanapoom and Domyoas, 1999), Phoenix (DeMason
and Thomson, 1981) and Washingronia (DeMason, 1988).
A particular character of A. aculeata zygotic embryo, not
yet verified in other palm embryos, is the ruminate as-
pect of the cotyledon, generated by invaginations of the
protodermis and subjacent tissues. These invaginations
may be associated with a higher efficiency in material
transport from the endosperm to the embryo. The dis-
tal portion of the palm cotyledon remains inside the
seed after germination, expands in size and functions as
a haustorium, which absorbs and replaces the en-
dosperm (Tomlinson, 1960). This haustorium is typical
of the palm embryos (Arecaceae family), and partici-
pates in the hydrolysis of lipid, protein and carbohy-
drate reserves, and in the mobilization of nutrients to
the emerging plantlet (Verdeil and Hocher, 2002).

The level of differentiation of the protodermis,
ground meristem and procambium is common in other
Arecaceae species (DeMason and Thomson, 1981;
DeMason, 1988). The great proportion of lipid and pro-
tein reserves in the embryo and in the endosperm is also
common in seeds of the Arecaceae family, as in
Washingtonia filifera (DeMason, 1986; 1988) and Phoenix
dactylifera (DeMason and Thomson, 1981; DeMason et
al., 1983). An extreme case is seen in the seed of Euterpe
edulis, where the endosperm, but not the embryo, accu-
mulates reserves (Panza et al., 2004). In this species, the
embryo has high water content, does not have storage
material and shows an active state, with numerous vacu-
oles, mitochondria, RER cisterns and dyctyosomes in its
cells, which highlights the strategy of continuous devel-
opment (Panza et al., 2004). The high water content at
maturity and the presence of big vacuoles in the
embryonary cells are characteristics of recalcitrant seeds,
which suffer irreversible damages during desiccation or
prolonged storage (Pammenter and Berjak, 1999).

The A. aculeata seed has a large amount of reserves
in the embryo and in the endosperm, and presents a few
organelles related to metabolic activity, which suggests
that the species is orthodox, considering its structure.
The A. aculeata seed moisture content is relatively low,
with 9.13% in the embryo and 5.52% in the endosperm
(Motoike, unpublished data). These values also suggest
that it is a orthodox seed. Nevertheless, studies about
storage periods and conditions might be conducted to
better understand the physiology of this seed. Tropical
species tend to be sensitive to low temperatures or to
long periods of storage, even with a low water content,
and they are considered to have an intermediary post-
harvest behavior (Pammenter and Berjak, 1999).

The somatic embryo of Arecaceae, unlike zygotic
embryos does not accumulate proteins and lipids
(Kanchanapoom and Domyoas, 1999; Schwendiman et
al., 1988; Sané et al., 2006; Sghaier et al., 2008). There are
some differences between the zygotic and the somatic
embryo of A. aculeate; the last one shows a higher num-
ber of vacuolated cells, no lipids and proteins reserves,
and has scarce amyloplasts. In somatic embryos of Elaeis
guineensis, protease activity was present throughout em-
bryogenesis and germinative growth, and likely explains
the low accumulation of storage proteins in these em-
bryos compared to the zygotic ones (Aberlenc-Bertossi
et al., 2008). In some species, starch is transient in the
seeds, and may be present during the formation of the
endosperm and the zygotic embryo, as a temporary form
of reserve (Otegui et al., 1998). In the embryogenic cells
of Cocos nucifera (Verdeil et al., 2001) and Elaeis
guineensis (Kanchanapoom and Domyoas, 1999;
Schwendiman et al., 1988), the storage of starch grains
during the embryogenesis is commonly observed.

Somatic embryos of Tilia cordata also had vacu-
olated cells and low reserve material when the matu-
ration phase was suppressed, while embryos submit-
ted to maturation treatments become very similar to
the zygotic embryos (Karkonen, 2000). Generally, the
conversion of A. aculeata somatic embryos into plant-
lets was low (Moura et al., 2009), and treatments that
lead to embryo maturation are still necessary to im-
prove the germination process. Fki et al. (2003) dem-
onstrated that partial desiccation of the mature somatic
embryos of Phoenix dactylifera and the cutting back of
the cotyledonary leaf were also found to stimulate em-
bryo germination. Somatic embryos of Elaeis guineensis
have low regeneration rates and histological observa-
tions show that shoot development might be limited
by the absence of a shoot meristem (Aberlenc-Bertossi
et al., 1999). The similar histological condition is ob-
served in A. aculeata somatic embryos, where the shoot
meristem is present, but there are fewer leaf primor-
dia. The adition of 6-benzyladenine during develop-
ment of E. guineensis somatic embryos was found to
induce apex differentiation and increase germination
rates (Aberlenc-Bertossi et al.; 1999). Other growth regu-
lators, as abscisic acid, are probably related with seed
and somatic embryo germination after desiccation and
rehydration (Barbedo and Bilia, 1998).

In summary, the seed of A. aculeata shows charac-
teristics very similar to the seeds of other palm species,
with exception from the invaginations of the distal re-
gion of the cotyledon. The somatic embryo differs from
zygotic embryo by presenting a lower degree of differ-
entiation of tissues and shoot meristem, and absence of
protein and lipids as storage compounds, which is typi-
cal of somatic embryogenesis in some species of palms.
Anatomical and ultrastructural knowledge concerning
the seed and the zygotic and somatic embryos of A.
aculeata provide important information for improving
the seed germination and somatic embryogenesis pro-
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cess for this crop. Thus, it would be necessary to clarify
anatomical and ultrastructural changes and enzyme ac-
tivities during the seed germination.
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