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Abstract

In embryo of winter rape var. Gorczafiski lipid bodies have been observed in the
‘light microscope starting from two-celled proembryo. Their number and size increase
in the course of embryogenesis, especially since greening of endosperm and embryo. -
Lipid bodies, either single or in clusters, are present in all embryo cells, the clusters
occur in various parts of the cytoplasm. During embryo maturation lipid bodies move
and locate in a number of layers by the cell wall. At the same time their appearance
change. Typical storage lipids originate. Lipid bodies are unevenly distributed within
the embryo: their number and size decrease along the embryo axis from its part below
cotyledons towards root apex. Moreover, they are histologically diversified: the biggest
are located in epidermis and cortex, whereas the smallest —in central cylinder. In
columella there are fewest lipid bodies.
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INTRODUCTION

In many oil seeds starch originates the first. In the course of matura-
tion it declines and is replaced by oil (Svieshnikova 1954). In mature
rape seeds protein and lipid bodies are stored. Starch has already been
observed in a two-celled rape proembryo. The number and size of starch grains
increase till the end of embryo development which takes place in green seeds.
Starch gradually declines when the seed coat colour changes from green to
brown. In mature embryos from dry seeds starch is lacking (Tykarska 1982).

Lipids in rape seeds have been studied mainly by biochemical methods.
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Mostly quantitative changes and chemical composition of lipids in the
course of seed development and maturation of various rape cultivars have
been analysed (Zeman and Kratochwil 1967. Fowler and Downey 1970,
Wiazecka and Krzymariski 1970, Norton and Harris 1975). Many
studies carried out by means of electron microscopy consider formation
of lipid bodies in seeds of different plants (Frey-Wyssling et al. 1963 — rape,
Bergfeld et al. 1978 — mustard. Adams et al. 1983 — soybean), whilst
anatomical and developmental descriptions of formation and location of lipid
bodies in embryo cells are scarce. Schultz and Jensen (1968a, b) have
studied the development of young Capsella embryos, while Kavetskaya
(1960) — the dynamics of storage reserve accumulation in rape.

In mature rape embryo the biggest and the most numerous lipid bodies
are found in cotyledons and in the part of hypocotyl below them, whereas
in columella and in outer layers of hypocotyl-root boundary they are the
fewest. Lipid bodies are located mainly by the cell wall, while protein bodies,
surrounded by a single layer of lipid bodies, are located in the cell
«centre (Kura$ 1984), similar to other ol seeds like mustard (Rest and
Vaughan 1972) and soybean (Bair and snyder 1980).

In the present paper the location and transformations of lipid bodies
during of embryo development have been determined with the electron
microscope. Fixation of lipid bodies is usually difficult, therefore various
methods have been applied.

MATERIAL AND METHODS

Zygotes and embryos up to heart stage were pressed out of living Brassica
napus var. Gorczafiski ovules. Then they were stained with Sudan IIT and
Sudan INI-IV mixture in 709, ethanol (Lison 1960) or Sudan Black B in
859, propylene glycol (Chiffelle and Putt 1951). Cut-off globular heart
and torpedo embryos, as well as whole or threefold divided axes of older
embroys were fixed in:

1) Levitsky’s mixture (La Cour et al. 1958), i.e. 0.5-5 chromformalin —
1%, CaCl,, for 24 h at 4°C and postfixed in 5%, K,Cr,O, for 1-20 weeks
at room temperature. 5 pm sections were then stained with Sudans.

2) In 29, glutaraldehyde in phosphate-citrate buffer (pH 6.8), postfixed
in 1%, OsO, embedded in epon or paraffin. Next they were cut with
ultramicrotome into semi-thin sections (ca. 250 nm).

3) The material was stored for 4-6 months in 10, formalin — 19, CaCl,
(formal-calcium, Baker 1946) then osmed and embedded in epon. Semi-thin
sections were stained with toluidine blue or not stained at all.
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RESULTS

EVALUATION OF THE METHODS

Staining of proembryos and embryos pressed out in toto with Sudans
appears to be an appopriate method. Lipid bodies have been clearly visible
even in heart embryos.

In the material fixed in Levitsky mixture lipid bodies are apparent since
the eighth week of postfixation in K,Cr,0,. However, from the material
fixed in GA and postfixed in OsO, a better picture has been obtained
(Figs. 9, 10, 12-15). Embryos long-stored in 10%, formalin-1%, CaCl, are
fixed similarly (Fig. 11). The difference in the fixation of lipid bodies in GA
between embryo development and its maturation stages (described below)
takes also place in the material fixed in formal-calcium.

LIPID BODIES IN EMBRYO

Embryo development

In two-celled proembryo small lipid bodies slightly stained with Sudan
[TI-IV mixture and with Sudan Black B are visible. They occur mainly
in a basal cell (Fig. 1).

Well-stained lipid bodies appear in suspensor cells of a two-celled proper
proembryo. They are mainly accumulated in basal cells of suspensor (Fig. 5),
while in apical cells they are smaller and fewer. In proper proembryo they
are hardly visible till the stage of dermatogen differentiation, when single,
small and only slightly stained lipid bodies occur in all cells (Fig. 2); the
best visible ones are in dermatogen. Since then they are always present in
the embryo. The number and size of lipid bodies increase and from the
torpedo stage the bodies are visible without immersion oil.

In semi-thin heart-shaped embryo sections small lipid bodies are mostly
single, though they sometimes occur in 3-4-body groups. They are, however,
more numerous in the apical part (Fig. 3).

In all torpedo embryo cells considerably more and bigger lipid bodies
occur. However some diversity is apparent. The biggest and the most
numerous lipid bodies are found in primary cortex (Figs. 6, 8) and below
shoot apex (Fig. 7). They are slightly smaller but also numerous in central
cylinder. Considerably fewer lipid bodies occur in root below the apex, fewest
in the intermediate layer and in columella (Fig. 4). Lipid bodies are located
in a single layer or in groups, mainly by the cell wall (Figs. 7, 8).

At the final embryogenesis stage there is already a great number of
lipid bodies in the whole embryo (Figs. 9-15). They are still spherical and
located in one or several layers by the cell wall. Clusters of lipid bodies



576 T. Tykarska

Figs. 1-4. Initial stages of embryogenesis. Lipid bodies as black points. Fig. 1. Two-celled
proembryo. Fig. 2. Proembryo with differentiated dermatogen. Fig. 3. Embryo at the transient
stage between globular and heart stages. Fig. 4. Root apex of torpedo embryo

often squeeze in between vacuoles or forming protein bodies. Such a pattern
is especially characteristic of hypocotyl cortex (Figs. 10, 11).

Along the embryo axis a regularity in the distribution of lipid bodies is
visible. Their number and size decrease from the part below cotyledons towards
root apex (Fig. 21). The biggest lipid bodies occur just below plumula and
in upper hypocotyl (Figs. 9-11). In its centre and in the bottom part they
are slightly smaller, while in root much smaller and fewer (Figs. 13, 21).

Great differences between single histological layers are visible perpendi-
cullary to the embryo axis. Lipid bodies are the most numerous and the biggest
in epidermis and primary cortex (Figs. 11, 12). There are markedly fewer
in the cells of central cylinder (Figs. 13, 14) and the fewest in the central
strand of metaxylem cells (Figs. 14, 15). In cortex and in hypocotyl epidermis
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PLATE 1

Fig. 5 Proembryo suspensor (two-celled apical part) stained with Sudan I1I and IV. x 1000.

Lipid bodies as black dots. Figs. 6-8. Torpedo stage. Longitudinal section through the axis

of embryo fixed in GA and postfixed in OsO,. Fig. 6. Embryo axis x 300. Fig. 7. Shoot

apex x1000. Fig. 8. Cells of primary cortex and central cylinder in the embryo centre,
x 5000

PLATE 1I
Embryo at the final embryogenesis stage. Lipid bodies stained black with osm while fixed
in GA, Fig. 11. except — where fixed for 4 months in 10% formalin — 1% CaCl,. Semi-thin
section stained with 1?9, toluidine blue in borax. Fig. 9. Shoot apex x500. Fig. 10. Root
cortex — central cylinder boundary in the embryo axis part below cotyledons x 1000. Fig. 11.
Cells of epidermis and primary cortex in the hypocotyl half-length. In subdermatogen myrosin
idioblast is visible, x 1000. Fig. 12. Hypocotyl-root boundary — the beginning of the 1 cap
layer, x1000. Fig. 13. Primary cortex — central cylinder boundary in the upper root part,
x 1000. Fig. 14. Central cylinder cells with distinct strand of metaxylem cells in embryo root,
x 1000. Fig. 15. Root apex x 500
PLATE 111

Fig. 16. Fragment of shoot apex in green seed. Material fixed in 0.5-5 CrF — 1Y, CaCl,
and postfixed in 5% K,Cr,O, for 10 weeks. 5pm paraffin section stained with Sudan
Black B. Figs. 17-20. Lipid bodies in maturing embryos. Semi-thin epon sections fixed
in GA and OsO,, x1500, Fig. 19 — x1750. Fig. 17. Fragment of embryo subapical shoot
part from late green seeds Fig. 18 Cortex cells in the half-length of embryo axis from
late green seeds. Fig. 19. Fragment of primary cortex — central cylinder boundary in the
half-length of embryo axis while seed coat becomes brown. Fig. 20. Fragment of cortex
cells at embryo hypocotyl-root boundary in green-brown seed

lipid bodies form large clusters (Figs. 11, 21h), whereas in the root part
they occur as a single layer by the cell wall (Figs. 13, 21r).

At the hypocotyl-root boundary lipid bodies occur in greater number
in dermatogen and subdermatogen than in inner cortex cells where storage
protein accumulate.
~ Within cortex cells, one may distinguish slightly bigger myrosin idioblasts
with spherical homogeneous protein bodies. There is a single layer of lipid
bodies by the wall of myrosin cells. Inside these cells small groups of lipid
bodies occur (Fig. 11). In shoot and root apices numerous lipid bodies are also
found. Moreover, in shoot apex they are bigger. The tiniest lipid bodies
are observed in the intermediate layer and in columella where they are
often clustered (Fig. 15). In lateral parts of the cap lipid bodies are much more
abundant.

Embryo maturation

In still green seed, after the completion of cell divisions, lipid boc:lies
change their appearance. They are not as elegant and regularly sphf:r!cal
as they were before, because distinct border between them and slightly
lighter cytoplasm disappears (Figs. 17, 18). Lipid bodies in shoot and root
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Fig. 21. Diagram of embryo axis at the final embryogenesis stage. Dots indicate embryo
lipid bodies, h — hypocotyl periblem cell, r — radicle periblem cell: 1 — starch in chloro-
plast, 2 — lipid body, 3 — nucleus with nucleolus, 4 — vacuole

apices are the least of all changed. Lipid bodies translocate and often form
many layers, next to the cell wall (Figs. 17, 19, 20). It seems that lipid bodies
are more abundant now than at the previous stage.

In browning seeds the number of lipid bodies increases so that they
surround protein bodies (Fig. 20). At the same time the nucleus becomes
lobate. Between nucleus lobes protein bodies surrounded by lipid bodies
occur.

Lipid bodies loose gradually their affinity to osm (Figs. 13, 20). In black
seeds, and often earlier, they are not stainable with osm.

These changes occur more or less in the whole embryo exis. Rape embryo
isolated from black seeds has been throughly described by Kuras (1984).
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DISCUSSION

Lipid bodies accumulate in developing and maturating embryo. They
have been already observed in two-celled proembryo. Probably they occur
in rape zygote like in zygote of Capsella (Schultz and Jensen 1968a).
Basal cell in two-celled embryo contains more lipid bodies. The most
abundant lipid bodies occur in three-celled embryo, then they rapidly
decline and reappear later starting from the torpedo stage (Schultz and
Jensen 1968b).

The present studies indicate that lipid bodies occur in the whole course
of rape proembryo development. Their number increase in globular embryo
and during its transformation into heart stage, when both endosperm and
embryo become green (Tykarska 1982). Kavetskaya (1960) has observed
distinct oil droplets in 14-day-old embryo (according to Tykarska (1980)
these embryos are at heart and torpedo stages). She has also noticed that
in 30-days-old embryo the cytoplasm starts to fill up with oil. According
to Tykarska (1980), the seed colour changes as well. From the present
studies it may be inferred that lipid oodies change at the same time.
Spherical before, they become less regular and they do not stain black
with osm. Frey-Wyssling et al. (1963) have described in rape cytoledons
the transformation of lipid bodies, so called spherosomes, into transparent
fat bodies.

A similar process in the development of Sinapis seeds is, according to
Rest and Vaughan (1972), “a change in the nature of the oil connected
with the developmental age of the embryo”. This has been confirmed by many
biochemical studies on maturing seeds of some cultivars of erusic rape (e.g.
Gorczanski variety). It has been found that the concentration of erusic acid
inreases during seed maturation (Sims 1964, Zeman and Kratochwil
1967, Fowler and Downey 1970, Wiazecka and Krzymariski 1970,
Norton and Harris 1975). Zeman and Kratochwil (1967) have inferred
that the synthesis of long-chain fat acids becomes intensified. According to
Norton and Harris (1975) these are typical storage triglycerides. At the
same time the authors have noticed a decrease in the concentration of
short-chain acids. In rape the latter are usually unsaturated, often with
several double bounds. According to Pearse (1968) unsaturated acids stain
black with osm.

Therefore, it may be concluded that lipid bodies in maturing embryos
are typical storage lipids of mature seeds, whereas lipid bodies in young
embryos form metabolic material used either as an energy source for cell
divisions (Schultz and Jensen 1968b), or in the formation of typical
storage lipids. Probably, starch can be also the storage material for the
lipid formation; it hydrolizes and declines in maturing rape embryos
(Kavetskaya 1960. Norton and Harris 1975, Tykarska 1982).
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In this paper both number and size of lipid bodies have been estimated
only due to their apparent differences among different parts of embryo

axis. Size and number of lipid bodies decrease both along the embryo
axis from its part below cotyledons towards root apex radially inwards.
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Embriogeneza rzepaku. V. Gromadzenie cial lipidowych

Streszczenie

W zarodku rzepaku ozimego, od stadium dwukomérkowego prazarodka, obserwowano
ciala lipidowe w mikroskopie $wietlnym. Ich liczba i wielko§¢ wzrasta w czasie embrio-
genezy, zwlaszcza od okresu zazielenienia si¢ bielma i zarodka. Ciala lipidowe, pojedyncze
i w skupieniach, sa we wszystkich komoérkach zarodka; skupiska tych cial wystgpuja w réznych
czgéciach cytoplazmy. W czasie dojrzewania zarodka ciala lipidowe przemieszczaja si¢ i sa
polozone w wielu warstwach przy $cianie komérkowej. W tym czasie zmienia si¢ wyglad
cial lipidowych. Powstaja typowe lipidy zapasowe. Ciala lipidowe sa rozmieszczone w zarodku
nierdwnomiernie; wielko$¢ i liczba cial maleje wzdluz osi zarodka od czesci podliscieniowej
do wierzcholka korzenia. Na to naklada si¢ zroZnicowanie histologiczne; najwigksze ciala sa
w epidermie i w korze, najmniejsze w walcu osiowym. Najmniej cial lipidowych jest w ko-
lumelli.
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