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Abstract

Smora, Lusa Kaarina (Dept. Bot., Univ. Helsinki): The ultrastructure of dry
and germinating seeds of Pinus sylvestris L. — Acta Bot. Fennica 103: 1—31. 1974.

The ultrastructure of dry and germinating seeds of Pinus sylvestris L. has been studied.
The endosperm and cotyledon and rootlet cells of the dry seeds are very similar in
structure. The cells are packed with spherosomes and protein bodies, but amyloplasts,
proplastids, mitochondria, dictyosomes, endoplasmic reticulum and ribosomes are not
recognizable. Proteolysis is more rapid than lipolysis during germination. These processes
and the development of new cell organelles are seen first in the rootlet cells and last
in the endosperm. The rootlets are characterized by rapid development of compound
amyloplasts, mitochondria, and tannin vacuoles.

During chloroplast development the cytoplasm in the cotyledon cells is rich in ribo-
somes. Proplastids concentrate round the nucleus but no nuclear budding is seen. Young
chloroplasts may divide and they already synthesize starch. Small plastoglobuli are also
frequent. Glyoxysomes, mitochondria and proplastids can be seen in endosperm cells
after 8 days’ germination.

Author’s address: Prof. Liisa Kaarina Simola, Department of Botany, University of
Helsinki, Unioninkatu 44, SF-00170 Helsinki 17, Finland.
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I. INTRODUCTION

Morphologically, the seeds of the family Pinaceae are composed of a
rather thin outer seed coat surrouding a middle thick haploid endosperm
(fomale gametophyte), within which lies a relatively small embryo. The
seeds of Pseudotsuga menziesii contain both lipid (35 %) and protein
(32 %/9) as storage materials. The rest is mainly fibres (29 %) especially in
the seed coat, and only 1.7 %o is starch and sugars (CHING 1966). In Pinus
banksiana, as revealed by electron micrographs, the dormant cotyledon
cells consist mainly of spherosomes (fat bodies), protein bodies and a
nucleus. Mitochondria, dictyosomes and proplastids are not recognizable
(Durzan et al. 1971). The dormant endosperm cells of Psexdotsuga men-
ziesii have about the same structure as the cotyledon cells (CHinG 1965).

Histochemical studies on Pinus sylvestris have indicated that lipase
activity localized around the cell wall and between the protein bodies
(NymMAN 1965). In dry seeds of the Douglas fir both acid and neutral
lipases are mainly located in heavy fat bodies and in the soluble fraction.
The highest specific activity of both enzyme systems is associated with
these fractions during germination (CHING 1968).

Despite BURGERSTEIN’s (1900) claims to the contrary, the seeds of Pinus
sylvestris do have a low starch content (NYMAN 1966). But, even in the dry
state, their content of amylase is relatively high (Nyman 1969), and
TescHE (1965) has demonstrated amylase activity and some starch in
both endosperm and embryo in this and in several other conifers.

The germination of gymnosperm seeds (Pseudotsuga menziesii) is
accompanied by the following physiological changes (CHING 1959). Imbi-
bition of water is coupled with linearly increasing respiratory activity
and after this the meristematic cells begin to divide. At the following stage
the activity of several hydrolysing enzymes increases and the cells begin
differentiate. Translocation of organic material to the growing cells is a
characteristic feature of the next stage and the cells differentiate much
further.

The aim of this study is to clarify the ultrastructural changes in the
endosperm, rootlet and cotyledons of Pinus sylvestris during germination.
Basic evidence of this kind is also needed for comparison when ageing pro-
cesses in seeds are studied at ultrastructural level (SiMoLa, in press).
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Abbreviations used in the figures:

A amyloplast IN intercellular space Pp  proplastid
C chloroplast Iv invagination Ps polysome
Cr crystalloid M mitochondrion Pt phytate
CW  cell wall Mb  microbody R ribosome
D dictyosome N nucleus S spherosome
ER  endoplasmic reticulum Nu  nucleolus St starch

G globoid PB  protein body T tonoplast
Gs glyoxysome PC  protein clump Tl thylakoid

I initial Pg  plastoglobulus \Y vacuole

Ic inclusion Pl plasmalemma Ve  vesicle

II. MATERIAL AND METHODS

Seeds of Pinus sylvestris L. (collected in Vistraby, Kronobergslin,
Sweden) were germinated under a bell jar on filter paper discs moistened
with tap water at 25°C in continuous weak light. Material for fixation
was removed daily for five days. Rootlets, cotyledons and the micropylar
end of the endosperm were fixed separately. Dry seeds were placed in the
fixative for half an hour, then dissected out in it, and fixed for another
three hours at 4°C. Imbibed seeds were dissected out before fixation. The
material used was as follows:

Dormant seeds

Day 1, imbibed seeds

Day 2, imbibed seeds

Day 3, rootlet about half of length of the seed, cotyledons yellow
Day 4, rootlets about 0.9 cm long, cotyledons green

Day 5, rootlets about 2 cm long, cotyledons green

Imbibed material was immersed in Karnovsky’s fixative in cacodylate
buffer (pH 7.2, 0.2 M) for 1.5 hours or in 3 per cent glutaraldehyde in
phosphate buffer (pH 7.2, 0.1 M). The material was postfixed with 1 per
cent osmium tetroxide in phosphate buffer and after dehydration via ace-
tone and propylene oxide embedded either in Spurr or in Epon.

The sections were cut with a diamond knife, stained with lead citrate
(ReynoLDs 1963) and viewed with a Philips 200 electron microscope.
Semi-thin sections stained with toluidine blue (TrRuMmP et al. 1961) were
used for localization of cells. Periodic acid Schiff (PAS), Sudan III and
Sudan Black (JEnsEnN 1962) were used for histochemical characterization
of the cell contents.
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Figs. 1—3. Cells of a dormant embryo of Pinus sylvestris. Karnovsky — OsOs fixation. —

Fic. 1. Cotyledon cell. Protein bodies (PB) with large globoids (G) and electron-translu-

cent crystalloids (Cr) and traces of phytate (Pt). 2800 x. — Fic. 2. Rootlet cell. Protein

bodies (PB) with several irregular electron-translucent areas. Plasmalemma loosened

from the cell wall (CW). 4800 x. — Fic. 3. Rootlet cell. Protein bodies (PB) with ir-
regularly shaped cavities and large roundish bodies. 8800 x.
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III. RESULTS
1. Rootlet cells

The structure of rootlet cells of dry seeds corresponds very closely to
that of this part of the seeds of Picea abies (StmoLa, in preparation). The
protein bodies usually have several irregular electron-translucent areas
(Fig. 2) but some of them may have an eccentric globoid. Some of the
protein bodies have roundish inclusions (Fig. 3). The plasmalemma has
become separated from the cell wall. This is apparently due to desiccation
and not to the high osmotic pressure of the fixative. It is not easy to make
out any initials or ribosomes in the cytoplasm between the numerous
spherosomes as in the rootlets of Picea.

After one day’s imbibition great changes are seen in the structure of the
rootlet cells (Figs. 4 and 5). The protein bodies have formed vacuoles and
compound amyloplasts are abundant. Mitochondria, dictyosomes and some
endoplasmic reticulum (ER) have already developed and the cytoplasm
contains a great number of ribosomes.

By the second day the amount of cytoplasm has increased, ribosomes
occur as polysomes, and the spherosomes have become more osmiophilic
than before. Rough ER runs parallel with the cell wall and dictyosomes
are situated near the plasmalemma, which is not easily recognizable
(Fig. 6). The vacuoles contain some electron-dense material, and micro-
bodies may be seen occasionally.

On the third day the different parts of the root tip are already dissimi-
lar in structure. The cells near the calyptra contain compound amyloplasts
and osmiophilic spherosomes (Figs. 7 and 8). The number of ribosomes has
decreased, but dictyosomes and the vesicles they liberate are frequent, as
well as mitochondria with a rather well-developed internal structure (Figs.
8 and 9). ER lines the plasmalemma and is also present in the endosperm.
There were several small electron-translucent vacuoles in the cells (Fig. 8).
In the root cortex cell the vacuoles fill with tannin material and fuse to-
gether to form a large central vacuole (Fig. 11). When tannin formation
begins the starch grains diminish and the spherosomes become less electron-
dense (Figs. 7, 10 and 11). Ribosomes are very sparse. In the meristematic
cells (day 4) the vacuoles are very small and lie between the spherosomes,
which tend to occur in groups (Figs. 12 and 13). Dividing plastid initials
are very abundant. Some ER and very small initials are rather frequent,
but no starch or tannin is seen in the cells. Some of the root cortex cells
(day 5) store relatively large amounts of starch, and tannin is seen as
flocculent material at the edges of the vacuoles (Fig. 14).
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Fics. 4—5. Rootlet cells (day 1). — Fic. 4. Dissolving protein bodies (PB). 6800 x. —
Fic. 5. Multiple amyloplasts (A). Developing mitochrondria (M). 13 600 x.
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2. Cotyledon cells

The cells of dry cotyledons are packed with spherosomes and protein
bodies like the other parts of the seeds studied (Fig. 1). The protein bodies,
however, are rather different in structure from those in the cotyledon cells
of Picea abies (SIMOLA, in preparation) and Pinus banksiana (DURZAN et
al. 1971). They usually have one large globoid cavity with some phytate
and one or two electron-translucent crystalloids. The protein bodies do not
stain with silver hexamine, and observations with the light microscope
indicate that they do not stain with PAS. They are therefore believed to
be composed chiefly of protein material, unlike the protein bodies of Picea
abies, which also contain carbohydrates. The smaller, irregular, rather
electron-dense bodies are apparently protein bodies transectioned at an-
other level. No amyloplasts are visible, as in the cotyledon cells of Pinus
banksiana (DurzaN et al. 1971). It is not possible to detect any organelle
initials or ribosomes in the cytoplasm between the spherosomes.

After one day’s imbibition inclusions have disappeared from the protein
bodies and some of the globoid cavities contain abundant phytate (Fig. 16).
It seems possible, however, that relatively great variation exist between
different cells as regards their phytate content, as in the embryo of Lactuca
(PAuLsON & SRrIVASTAVA 1968). Small initials and some proplastids with
electron-translucent starch grains are visible, especially near the nucleus
(Fig. 15). Their membrane corresponds more nearly to a single than to a
double membrane, such as is characteristic of plastids. Ribosomes and
small, very electron-dense bodies are visible between the spherosomes.
These structures are also found in the cotyledon cells of P. banksiana
(Durzan et al. 1971).

Breakdown of protein material begins after two days’ germination
(Figs. 18 and 19). Possibly, some of the globoids are surrounded by a
membrane, because a membrane circle may be visible in the globoid cavity
(Fig. 19). The fact that the globoid cavities contain only vestiges of
phytate suggests that phytase is rapidly activated or formed during ger-
mination. Lipolysis has not begun, but small microbodies with a single
membrane and rather electro-dense stroma are visible in the cytoplasm
(Fig. 20). They also contain granules of a size roughly corresponding to
that of the ribosomes, which are abundant in the cytoplasm between the
spherosomes (Fig. 21). Similar structures in the cotyledon of Pinus
banksiana (DurzAN et al. 1971) have been interpreted as microbodies and
are supposed to be initials of plastids. Small, rather weakly developed
mitochondria are visible but their early stages cannot be recognized. The
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Fic. 6. Rootlet cells (day 2). Amyloplasts (A). Osmiophilic spherosomes (S). Mitochondria
(M) containing some ribosomes. Rough ER. Developing vacuoles (V) with some tannin.
13000 x.

proplastids contain some starch, and a few short thylakoids and small
plastoglobuli have formed in the stroma (Figs. 17—19). The structure of
the proplastids is very different in Pinus banksiana (DurzaN et al. 1971).
In this plant the proplastids are very electron-dense and usually elongated,
and their internal structure is not well defined.
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Fies. 7—9. Rootlet cells near the calyptra (day 3). — Fic. 7. Small vacuoles (V), some
of them fusing together. 3200 x. — Fic. 8. Amyloplasts (A). Small electron-translucent
vacuoles (V). 7000 x. — Fic. 9. Mitochondrion (M) with well-developed cristae. 11400 x.



ACTA BOTANICA FENNICA 103 11

Fics. 10—11. Root cortex cells (day 3). — Fic. 10. Large central vacuoles (V) containing
tannin. 3 000 x. — Fic 11. Small vacuole fusing with the large central vacuole. 11 000 x.
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Fic. 12. Root tip cells near the meristem (day 4). Groups of spherosomes (S). Organelle
initials (I). 11000 x.

After three days’ germination the vacuoles have enlarged and may
contain some osmiophilic granules attached to the tonoplast (Figs. 23 and
24). The mitochondria have a better defined internal structure and the
ribosomes are grouped into polysomes. The chloroplasts seem able to
divide (Fig. 23). The number of thylakoids increases on the 4th and 5th
days, and some small grana are formed (Figs. 25 and 26). The cytoplasm
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Fic. 13. Root tip cells near the meristem (day 4). Proplastids (Pp). Organelle initials (I).
8 800 x.

Fic. 14. Root cortex cells (day 5). Vacuoles (V) with flocculent tannin material. Amylo-
plasts (A). 6800 x.
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has a dense background of ribosomes and some rough ER and dictyosomes
are visible. No ribosomes are recognisable in the chloroplasts, and the
plastoglobuli are small, as in the fullgrown needles of this plant (WALLEs et
al. 1973). Lipolysis is not effective and the size of the spherosomes varies
greatly.

3. Endosperm cells

The haploid endosperm tissue has about the same structure as the
rootlets and cotyledons at the beginning of germination. The structure of
the protein bodies may vary, as is clearly seen after imbibition before the
breakdown of the storage material has begun (day 4). The number of
globoid cavities and the electron-density of the protein mass may vary
(Figs. 27—29). The globoids may contain osmiophilic grains, apparently
phytate, and some membrane circles. An electron-translucent inclusion may
be visible in the protein mass (Fig. 27). The spherosomes are electron-
translucent.

Breakdown of storage material begins later in the endosperm cells than
in the embryos of Pinus sylvestris. In view of this, endosperm material
was also studied after 8 and 13 day’s germination. After five days’ germi-
nation the protein bodies were often almost intact but disorganization of
the spherosomes had begun (Fig. 30). Endosperm cells begin to supply
nutrients for the growing embryo when this has used up the bulk of its
own protein reserves. After five days’ germination numerous spherosomes
are seen in the cytoplasm of the cotyledon cells, starch is abundant in the
chloroplasts and amyloplasts are abundant in the root cortex cells.

It might perhaps be supposed that only different stages in the break-
down of the endosperm cells occur during germination, but actually they
are followed by a stage of reorganization of the cell structure (day 8, Figs.
33 and 34). At this stage the cells have a rather well-organized structure
with new formation of cell organelles (mitochondria and proplastids) and
several other structures typical of living cells (ER and ribosomes).

After 8 days’ germination the endosperm cells of Pinus sylvestris
contain abundant microbodies (Figs. 32 and 33). These are interpreted as
glyoxysomes in the light of earlier observations on the megagametophyte
of Pinus ponderosa (CHING 1970). These structures are surrounded by a
single membrane and may contain an invagination. Glyoxysomes are a
form of microbody containing enzymes of the glyoxylate cycle. They are
sites of fatty acid oxidation in cotyledons of many oil-containing seeds
(castor bean, CoorEr & BEeevErRs 1969; watermelon, Kacawa &
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Fic. 15. Cotyledon cell (day 2). Nucleus (N). Three nucleoli (Nu). Proplastids (Pp) with
some starch near the nucleus. Organelle initials (I). Microbody (Mb). 6 000 x.

Beevers 1970; peanut, Lonco & Lonco 1970; sunflower, GrRuBer et al.
1970).

After 13 days the endosperm cells are quite empty and only a little
lipid material is seen in the intercellular spaces. How long the endosperm
cells preserve their semipermeability is not known.
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Fic. 16. Cotyledon cells (day 1). Protein bodies (PB) with phytate (Pt) in the globoid
cavity (G). 2800 x.

Fic. 17. Cotyledon cells (day 2). Proplastids (Pp) with some thylakoids and small plasto-
globuli. 10400 x.
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Fics. 18—19. Cotyledon cells (day 2). Glutaraldehyde — OsOs fixation. — Frc. 18.

gradating protein bodies forming vacuoles (V). Proplastids (Pp) with starch, some

thylakoids and plastoglobuli. 20 000 x. — Fic. 19. Protein body (PB) with a membrane
circle in the globoid cavity (G). 10400 x.
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30400 x. — Fic. 21. Microbody (Mb) containing particles corresponding in shape to
ribosomes. 84 000 x.

Fic. 22. Cotyledon cell (day 3). Developing chloroplasts (C) with some thylakoids (T1)
and small plastoglobuli (Pg). 11 000 x.
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Fic. 23. Cotyledon cells (day 3). Spherosomes (S) with some osmiophilic material at the
edges. Dividing chloroplasts (C). 10400 x.

Fic. 24. Cotyledon cells (day 3). Vacuoles (V) with osmiophilic granules at the edges.
Chloroplasts (C). 11 000 x.
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IV. DISCUSSION

1. Structure of dry seeds

Little is known about the ultrastructure of dry seeds owing to the
technical difficulties of preparing and sectioning desiccated storage tissue
for the electron microscope. Osmium tetroxide vapour has been used for
fixing dry seed of Pisum but fixation took a very long time, even months
(PERNER 1965). Such fixation was not satisfactory for Gossypium for
which an aqueous solution of LiMnOs gave good results (YATsu 1965).
Most authors have soaked their material in water for varying lengths of
time, assuming that at low temperatures the structural changes will be
insignificant (BAGLEY et al. 1963). In the present work glutaraldehyde and
glutaraldehyde-formaldehyde fixatives followed by osmium tetroxide gave
rather good results if a longer fixation time was used for desiccated ma-
terial than for imbibed seeds. The form of the nucleus and the structure
of the protein bodies shows that they were not imbibed before fixation.
PauLsoN & SrivasTAvAa (1968) have also used aqueous glutaraldehyde
and osmium tetroxide for fixing dormant embryos of Lactuca.

In structure, the resting cells of the endosperm, rootlets and cotyledons
of Pinus sylvestris resemble the cotyledon cells of Pinus banksiana
(Durzan et al. 1971) and Picea abies (StMOLA, in preparation). In some
details, however, there are slight differences. Amyloplasts are not visible
in resting cells of Pinus sylvestris but are found in P. banksiana. Pro-
plastids storing starch become recognizable near the nucleus after one
day’s germination in both the cotyledon and rootlet cells of P. sylvestris.
Larger amounts of phytate are seen only occasionally in the globoid
cavities of this species (cotyledon cells, day 1) but in the dormant cotyledon
cells of Pinus banksiana phytate is very abundant (Durzan et al. 1971).
In dry seeds of P. sylvestris electron-translucent crystalloid inclusions are
characteristic of the protein bodies of the cotyledons. Inclusions of less
regular shape are also found in the protein bodies of rootlet cells (day 1,
Fig. 3) but even after imbibition may be visible in the endosperm. The
electron micrographs of Durzan et al. (1971) show several inclusions in
the protein bodies of P. banksiana, but the authors do not comment on
these structures, although they are clearly visible.

A well-formed, usually eccentric globoid cavity is found in the protein
bodies of cotyledon cells in the dry seeds. In rootlet cells there are several
electron-translucent areas of irregular shape in the protein material.
Corresponding structures were seen in dry aged embryos of P. sylvestris



Fic. 25. Cotyledon cells (day 4). Cell walls (CW) straight. Chloroplasts (C). 4000 x.

Frc. 26. Cotyledon cell (day 5). Chloroplasts (C) with weakly developed stroma and grana
thylakoids. Invaginations (Iv) developing from the inner membrane. Starch (St) and
plastoglobuli (Pg). 25000 x.
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Fics. 27—28. Endosperm cells (day 4). — Fic. 27. Protein body (PB) with two globoid

cavities (G) with some phytate (Pt). A rather electron-translucent inclusion (Ic). 8 000 x.

— Fic. 28. A electron-dense protein body with several globoid cavities (G) at the edges.

The cavities may contain membrane material. Proteolysis and lipolysis have not begun.
10 000 x.
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Fic. 29. Protein body (PB) with a myelin-like structuré in the globoid cavity (G). 4 800 x.
Fic. 30. Endosperm cell (day 5). The electron-density of protein bodies (PB) varies.
Spherosomal membranes disrupted. 11 000 x.
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Fics. 31—32. Endosperm cells (day 8). — Fic. 31. Degradating protein bodies forming
vacuoles. Protein clumps (PC). Spherosomes (S) electron-dense. 8 500 x. — Fic. 32. Pro-
plastids (Pp) with some thylakoids and plastoglobuli (Pg). Rough ER. 65000 x.
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Fics. 33—34. Endosperm cells (day 8). — Fic. 33. Glyoxysomes (Gs). Proplastids (Pp).
Mitochondria (M). ER. Vacuole (V). Electron-dense spherosomes (S). 6000 x. —

and an eccentric globoid cavity was also visible in a cross-section. It seems
obvious that these small irregular areas result from desiccation and contain
only air. During imbibition the air does not all dissolve but form bubbles
which may be visible especially in endosperm cells after imbibition (Figs.
28 and 30). The globoid cavities of Crambe seem to be surrounded by a
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membrane (cf. v. HOFSTEN 1973). Some material resembling a membrane
may be seen in the globoid cavities of cotyledon and endosperm cells of
P. sylvestris (Figs. 19 and 29).

2. Mobilization of storage material and development of vacuoles

The cellular reorganization and degradation of storage material is more
rapid in rootlet cells than in cotyledons and slowest in the endosperm.
Proteolysis starts in the endosperm cells when the protein reserves of the
cotyledons have been used up. Proteolysis precedes lipolysis in all these
parts, as in some other oily seeds (Stmora 1973). In aged seeds of P. syl-
vestris lipolysis begins earlier than proteolysis (SiMoLA, in press). In living
growing cells amino acids resulting from breakdown of storage proteins
are rapidly used for the formation of new cell structures, and the fusion
of small vacuoles into a large central vacuole is well documented (Figs.
7 and 11).

The spherosomes of dry seeds of P. sylvestris are relatively electron-

translucent (Figs. 1—3), as in Picea abies (SiMOLA, in preparation) and
Pinus banksiana (DUurzAN et al. 1971). During germination the spherosomes
become more osmiophilic, especially in the endosperm. The thin membrane
surrounding the spherosomes is sometimes clearly visible (Figs. 20 and 21).
This seems to correspond to the half unit-membrane seen around some
spherosomes (GRIESHABER 1964, SCHWARZENBACH 1971, YATsu & JACKs
1972, Stmora 1973).
During early germination, however, these cells specialize structurally for
quite different roles. Proplastids develop to amyloplasts in the rootlets
and to chloroplasts in the cotyledons but fail to develop further in the
haploid degenerating endosperm tissue. A large proportion of the storage
material in roots is used for tannin synthesis.

Lipid is apparently metabolized in different ways in the embryo, where
it can be reutilized within a cell, and in the endosperm, where glyoxysomes
play an important role and material is transported to the embryo. The

No special structures for tannin synthesis and transport are visible, but
the spherosomes become very osmiophilic and the cytoplasm contains
rough ER, polysomes and some dictyosomes at the same time (Fig. 6). The
same cells synthesize starch effectively, unlike the tannin-containing cells
of Picea glauca in suspension culture (CHAFE & Durzan 1973). In the
cotyledon cells of Picea abies tannin seems to be attached to the sphero-
somes and sometimes corresponding material is seen inside the spherosome
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itself. A small vacuole is usually located close to such spherosomes (StMoLa,
In preparation).

After three days’ germination the root-cortex cells have used up most
of their storage material and a large central vacuole is formed, but the
meristematic cells contain large groups of spherosomes and the proplastids
do not store any starch. Storage of starch is characteristic of the cells of
both rootlet cortex and cotyledons but vacuolization is much slower in
the cotyledons. The proplastids of endosperm cells do not store starch,
but small plastoglobuli may be visible. Some microchemical tests indicate
that starch is synthesized during the initial stages of germination in both
the embryo and endosperm of Pinus densiflora and P. thunbergii (Goo
& Furusawa 1955).

3. Development of new cell organelles, especially mitochondria, plastids
and glyoxysomes

In the dormant cells no organelle initials, ER, dictyosomes or ribosomes
are visible but after one day’s germination these are already recognizable
in root tip cells. How most of these structures are formed during germi-
nation remains obscure, because no intermediate stages could be detected in
this species or in other embryos examined earlier (SRivasTavAa & PauLsoN
1968, DurzaN et al. 1971, Sasakt & Brown 1971). Intact ribosomes pres-
ent as monomer units may be isolated from dormant embryos of Pinus
resinosa, and polysome formation begins less than 4 hours after imbibition
starts (SAsakl & Brown 1971). The young rootlet cells have well-developed
mitochondria (Figs. 6—9). Their cristae are distinct, and ribosomes as well
as some osmiophilic grains may be visible. In the endosperm cells the
mitochondria vary in structure. Some are very electron-dense, with
electron-translucent intracristal spaces (Fig. 33). A corresponding structure
is characteristic of ageing cotyledon cells of Phaseolus vulgaris (Opix 1965).
Dividing mitochondria of P. sylvestris have numerous narrow cristae
(microvilli) and some of these organelles have a cavity (Fig. 34).

After eight days’ germination the number of mitochondria in the
endosperm of Pinus is high. The oily cotyledons of Cucurbita and Cucumis
(Lort & CAsTELFRANCO 1970, TRELEASE et al. 1971) also contain great
numbers of these organelles. Although the B-oxidation of fatty acids in
oily seeds appears to be localized to the glyoxysomes (Coorer & BEEVERS
1969, HuttoN & StumPF 1969, CHING 1970, TRELEASE et al. 1971), the
mitochondria play an important role in the metabolism of storage lipids.
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The conversion of succinate to oxaloacetate takes place in the mitochond-
ria, as does the production of ATP, which is needed for the conversion of
acetyl-CoA to sucrose (BREIDENBACH et al. 1968).

Development of a great number of glyoxysomes is characteristic of
endosperm cells during effective lipolysis (8th day, Figs. 33 and 34). These
structures seem to play no part in the mobilization of lipids in the embryo,
in which they are seen only occasionally and have a different structure.
In the endosperm of the castor bean glyoxysomes are found throughout
seed development (CARPENTER & BEEVERS 1966), but in P. sylvestris they
develop at a relatively late stage of germination.

Cytoplasmic invaginations containing ribosomes were seen in the micro-
bodies of endosperm cells of Pinus sylvestris. Corresponding structures
have been seen in the microbodies of Cucumis cotyledons during greening
(TRELEASE et al. 1971). They have been interpreted as morphological mani-
festations of the mechanism by which the microbodies lose or gain enzymes.
Some invaginations are also seen in the glyoxysomes of the megagameto-
phyte of germinating Pinus ponderosa (CHING 1970) and in some epidermal
cells of the spadix appendices in Sauromatum during flowering (BERGER
& ScuNEPF 1970). In Cucumis the frequency of invaginations correlates
strikingly with increases in the activity of glycolate oxidase (TRELEASE
et al. 1971). The glyoxysomes in the endosperm of Pinus ponderosa contain
both DNA and RNA and are capable of protein synthesis (CHiNG 1970).
The glyoxysomes of castor bean endosperm cells also contain RNA
(GErRHARDT & BEEVERs 1969). Cytoplasmic DNA different from
mitochondrial DNA has also been found in the microsomes of mouse liver
(Bonp et al. 1969).

4. Concluding remarks

The cells of the different parts of the dry seeds of P. sylvestris have
the same ultrastructural components and nothing points to their forth-
coming physiological role in the development of the young seedling.
endosperm is not a mere degenerating storage tissue, however, but its cells
undergo remarkable structural changes which may be prerequisite for
effective and balanced transport of organic substances to the developing
embryo. That the haploid endosperm cells are able to form all the
structural components of a normal plant cell suggest that it may be
possible to induce successful differentiation of shoots and roots from
cultured endosperm cells of Pinus sylvestris.
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electron-translucent cavities. Cell wall (CW). Plasmalemma (Pl) disrupting. Vesicles (Ve).
13000 x.



30 Liisa Kaarina Simola: Ultrastructure of seeds of Pinus sylvestris

References
Bacrey, B. W., Cuerry, J. H., RorLins, M. L. & Avrtschur, A. M. 1963: A study of
protein bodies during germination of peanut (Arachis hypogea) seed. — Amer. J.

Bot. 50: 523—532.

BerGer, C. & Scunerr, E. 1970: Development and aging of spadix appendices of
Sauromatum guttatum Schott and Arum maculatum L. I. Changes in fine structure.
— Protoplasma 69: 237—251.

Bownp, H. E., Corer, J. A., CourinegTon, D. D. P. & Woop, J. S. 1969: Microsome-
associated DNA. — Science 165: 705—706.

BremensacH, R. W. & Beevers, H. 1967: Association of the glyoxylate cycle enzymes
in a novel subcellular particle from castor bean endosperm. — Biochem. Biophys.
Res. Commun. 27: 462—469.

Bremensach, R. W., Kann, A. & Beevers, H. 1968: Characterization of glyoxysomes
from castor bean endosperm. — Plant Physiol. 43: 705—713.

BurcersTEIN, A. 1900: Ueber das Verhalten der Gymnospermen-Keimlingen im Lichte
und im Dunkeln. — Ber. deut. botan. Ges. 18: 168—184.

Carpenter, W. D. & Beevers, H. 1959: Distribution and properties of isocitritase in
plants. — Plant Physiol. 34: 403—409.

Cuarg, S. C. & Durzan, D. J. 1973: Tannin inclusions in cell suspension cultures of
white spruce. — Planta 113: 251—262.

Cuing, T. M. 1959: Activation of germination in Douglas fir seed by hydrogen peroxide.
— Plant Physiol. 34: 557—563.

—>»— 1965: Metabolic and ultrastructural changes in germinating Douglas fir seeds. —
Plant Physiol. 40: viii-ix.

—»— 1966: Compositional changes of Douglas fir seeds during germination. — Plant
Physiol. 41: 1313—1319.

—»— 1968: Intracellular distribution of lipolytic activity in the female gametophyte of
germinating Douglas fir seeds. — Lipids 3: 482—488.

—»— 1970: Glyoxysomes in the megagametophyte of germinating ponderosa pine seeds.
— Plant Physiol. 46: 475—482.

Coorer, T. G. & Beevers, H. 1969: B-Oxidation in glyoxysomes from castor bean
endosperm. — J. Biol. Chem. 244: 3514—3520.

Durzan, D. J.,, Mia, A. J. & Ramaman, P. K. 1971: The metabolism and subcellular
organization of the jack pine embryo (Pinus banksiana) during germination. —

) Can. J. Bot. 49: 927—938.

GeruarpT, B. P. & Beevers, H. 1969: Occurrence of RNA in glyoxysomes from castor
bean endosperm. — Plant Physiol. 44: 1475—1477.

Goo, M. & Furusawa, K. 1955: Changes of the stored food within the seeds of Pinus
densiflora and Pinus thunbergii during the course of germination by microchemical
tests. — J. Jap. For. Soc. 37: 481—484.

GriesHABER, E. 1964: Entwicklung und Feinbau der Sphirosomen in Pflanzenzellen. —
Vijschr. naturforsch. Ges. Ziirich 109: 1—23.

Gruser, P. J., TreLeasg, R. N., Becker, W. M. & Newcowms, E. H. 1970: A correlative
ultrastructural and enzymatic study of cotyledonary microbodies following germin-
ation of fat storing seeds. — Planta 93: 269—285.

Hock, B. & Beevers, H. 1966: Development and decline of glyoxylate cycle enzymes in
watermelon seedlings (Citrullus vulgaris (Scharad.)). Effects of dactinomycin and
cycloheximide. — Z. Pflanzenphysiol. 55: 405—414.

v. HorsTeEN, A. 1973: X-ray analysis of microelements in seeds of Crambe abyssinica. —
Physiol. Plant. 129: 76—381.

Hutton, D. & Stumer, P. K. 1969: Fat metabolism in higher plants. XXXVII. Character-
ization of the B-oxidation systems from maturing and germinating castor bean
seeds. — Plant Physiol. 44: 508—516.

Jensen, W. A. 1962: Botanical histochemistry. — 408 pp. Freeman & Company, San
Francisco and London.

Kacawa, T. & Beevers, H. 1970: Glyoxysomes and peroxisomes in watermelon seedlings.
— Plant Physiol. 46: S 38 (suppl.).

Lonco, C. P. & Lonco, G P. 1970: The development of glyoxysomes in peanut cotyledons
and maize scutellum. — Plant Physiol. 45: 249—254.



ACTA BOTANICA FENNICA 103 31

Lort, J. N. A. & CasteLrraNcO, P. 1970: Changes in the cotyledons of Cucurbita ma-
xima during germination. II. Development of mitochondrial function. — Can J.
Bot. 48: 2233—2240.

Nywman, B. 1965: Histochemical observations on the fatty reserve in light- and dark-
germinated seeds of Scots pine (Pinus silvestris L.). — Physiol. Plant. 18: 1095—
1104.

—»— 1966: Studies on the fat metabolism of light- and dark-germinated seeds of Scots
pine (Pinus silvestris L.) — Physiol. Plant. 19: 63—75.

—»— 1969: Studies on sugars and starch in light- and dark-germinated seeds of
Scots pine (Pinus silvestris). — Physiol. Plant. 22: 441—452.

Orix, H. 1965: Respiration rate, mitochondrial activity and mitochondrial structure in the
cotyledons of Phaseolus vulgaris L. during germination. — J. Exper. Bot.
16: 667—682.

Paurson, R. E. & Srivastava, L. M. 1968: The fine structure of the embryo of Lactuca
sativa. I. Dry embryo. — Can. J. Bot. 46: 1437—1445.

Perner, E. 1965: Electronmicroscopische Untersuchungen an Zellen von Embryonen im
Zustand volliger Samenruhe. I. Mitteilung. Die zellulire Structurordnung in der
Radicula lufttrockener Samen von Pisum sativam. — Planta 65: 334—357.

Revynorps, E. S. 1963: The use of lead citrate at high pH as an electronopaque stain in
electron microscope. — J. Cell Biol. 17: 208—213.

Sasakr, S. & Brown, G. N. 1971: Polysome formation in Pinus resinosa at initiation of
seed germination. — Plant & Cell Physiol. 12: 749—758.

Simora, L. K. 1973: The origin and development of organelles in germinating embryos
of Bidens cernua. Ultrastructural effects of cycloheximide, actinomycin D and
chloramphenicol. — Ann. Bot. Fenn. 10: 71—88.

—»— (in press): Ultrastructural changes in the seeds of Pinus silvestris L. during
senescence. — Studia Forest. Suec.

Srivastava, L. M. & Paurson, R. E. 1968: The fine structure of the embryo of Lactuca
sativa. II. Changes during germination. — Can. J. Bot. 46: 1447—1454.

ScuwarzENBACH, A. M. 1971: Observations on spherosomal membranes. — Cytobiologie
4: 145—147.

Tescue, M. 1965: Amylase und Stirke in einigen Koniferensamen. — Naturwissenschaften
52:132.

Trerease, R. N., Becker, W. M., Gruser, P. J. & Newcowms, E. H. 1971: Microbodies
(glyoxysomes and peroxisomes) in cucumber cotyledons. — Plant Physiol. 48: 461—

Trump, B. F., Smuckrer, E. A. & Benprtt, E. P. 1961: A method for staining epoxy
sections for light microscopy. — J. Ultrastruct. Res. 5: 343—348.

WarLes, B., Nyman, B. & Arpén, T. 1973: On the ultrastructure of needles of Pinus
silvestris L. — Studia Forest. Suec. 106: 1—26.

Yatsu, L. Y. 1965: The ultrastructure of cotyledonary tissue from Gossypium hirsutum
L. seeds. — J. Cell Biol. 25: 193—200.

Yarsu, L. Y. & Jacks, T. J. 1972: Spherosome membranes. Half unit-membranes. —
Plant Physiol. 49: 937—943.






76.
77.
78.
79.
80.
81.
82.
83.

85.
86.
87.
88.
89.
90.

91.

92.
93.
94.
95.

96.
97.
98.

101.
102.
103.

PentTi Arnonen: Palaeolimnological investigations of three inland lakes in south-
western Finland. 59 pp. (1967).

Carr-Jouan WinéN, Jaakko SarveLA and Teuvo Auti: The Dryopteris spinulosa
complex in Finland. 24 pp. (1967).

Rovr GroénsLaD, ArTHUR M. ScotT and Hannan CroaspaLe: Desmids from Sierra
Leone, tropical West Africa. 41 pp. (1968).

Orvokkr Ravanko: Macroscopic green, brown, and red algae in the southwestern
archipelago of Finland. 50 pp. (1968).

YRrj6 Vasarr and Annikk1 Vasarr: Late- and Post-glacial macrophytic vegetation in
the lochs of Northern Scotland. 120 pp. (1968).

Lusa Kaarmva Simora: Comparative studies on the amino acid pools of three
Lathyrus species. 62 pp. (1968).

Gasor Unerkovicu: Zur Chlorococcalen-Flora Finnlands. I. Ekends-Tvirminne-
Gegend. 1. 26 S. (1968).

Ake Niem1: On the railway vegetation and flora between Esbo and Ingi, S. Finland.
28 pp. (1969).

E)3.1(13 Niemr: Influence of the Soviet tenancy on the flora of the Porkala area. 52 pp.
1969).

Lusa Kaarmna Smvora: Comparative studies on the sugar pools of three Lathyrus
species. 16 pp. (1969).

Lusa Kaarmna Smvora: Effect of different surcose concentrations and gibberellic
acid on anatomy of Bidens radiata Thuill. and B. pilosa L. 26 pp. (1969).

IrmeLt Vuorera: The indication of farming in pollen diagrams from southern Finland.
40 pp. (1970).

MarjatTa AAaLTO: Potamogetonaceae fruits. I. Recent and subfossil endocarps of the
Fennoscandian species. 85 pp. (1970).

Pexka Isovura: Dillenius’s *Historia muscorum’ as the basis of hepatic nomenclature,
and S. O. Lindberg’s collection of Dillenian bryophytes. 28 pp. (1970).

Esa Kukkonen and Risto Tynnr: Die Entwicklung des Sees Pyhajarvi in Siidfinn-
land im Lichte von Sediment- und Diatomeenuntersuchungen. 30 S. (1970).

Cari-Jouan Win£n, VEikko Sorsa and Jaakko SarveLa: Dryopteris dilatata slat. in
Furope and the Island of Madeira. A chromatographic and cytological study. 30 pp.
1970).

PentTr ALnonen: The stages of the Baltic Sea as indicated by the diatom stratigraphy.
18 pp. (1971).

RoLr Gronsrap and Hannan Croaspare: Desmids from Namibia (SW Africa).
40 pp. (1971).

Gasor Usnerkovicu: Zur Clorococcalen-Flora Finnlands. II. Vantaanjoki und Kera-
vanjoki. 22 S. (1971).

P_ENTTI ArnonNen: The Flandrian development of the pond Hyrynlampi, Southern

fllgland, with special reference to the pollen and cladoceran stratigraphy. 19 pp.
71).

Zennoske Iwatsukr and Timo Koponen: On the taxonomy and distribution of

Rhodobryum roseum and its related species (Bryophyta). 22 pp. (1972).

Tmvo Koronen: The East Asiatic species of Plagiomnium sect. Rostrata (Bryophyta).

29 pp. (1972).

IrmeLr Vuorera: Human influence on the vegetation of Katinhinti bog, Vihti, S.
Finland. 21 pp. (1972).

. Gasor Umnerkovich: Zur Chlorococcalen-Flora Finnlands. III. Ekenis-Tvirminne-
100.

Gegend. 2. Oren. 18 pp. (1973).

Axe Niemr: Ecology of phytoplankton in the Tvirminne area, SW coast of Finland.
(Ii917)3y)namics of hydrography, nutrients, chlorophyll a and phytoplankton. 68 pp.

Index Generalis seriei Acta Botanica Fennica 41—100 (1948—1973). To be published.
IrMELT VuoreLa: Relative pollen rain around cultivated fields. 27 pp. (1973).

LIISA. Kaarmva Smvora: The ultrastructure of dry and germinating seeds of Pinus syl-
vestris L. 31 pp. (1974).



Exchange — Austausch — Echange
SOCIETAS PRO FAUNA ET FLORA FENNICA
Snellmaninkatu 9—11 Snellmansgatan
00170 Helsinki 17 Helsingfors

Foaw cala Y auknaid C.

VIIKIN KAMPUSKIRJASTO

IR

PRINTACO



	299944-103_0001_cover
	299944-103_0002
	299944-103_0003_title
	299944-103_0004
	299944-103_0005
	299944-103_0006_page_4
	299944-103_0007_page_5
	299944-103_0008_page_6
	299944-103_0009_page_7
	299944-103_0010_page_8
	299944-103_0011_page_9
	299944-103_0012_page_10
	299944-103_0013_page_11
	299944-103_0014_page_12
	299944-103_0015_page_13
	299944-103_0016_page_14
	299944-103_0017_page_15
	299944-103_0018_page_16
	299944-103_0019_page_17
	299944-103_0020_page_18
	299944-103_0021_page_19
	299944-103_0022_page_20
	299944-103_0023_page_21
	299944-103_0024_page_22
	299944-103_0025_page_23
	299944-103_0026_page_24
	299944-103_0027_page_25
	299944-103_0028_page_26
	299944-103_0029_page_27
	299944-103_0030_page_28
	299944-103_0031_page_29
	299944-103_0032_page_30
	299944-103_0033_page_31
	299944-103_0034_blank
	299944-103_0035
	299944-103_0036_cover

