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Embryo Sac Formation in Allium thunbergii, with
Transmission Electron Microscope Observation
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Abstract. The development of embryo sac in Allium thumbergii was investigated
using a light and an electron microscope. Two ovules, which are composed of a thin
curved nucellus invested with two integuments, are formed in each of three ovarian
locules which are formed in a ovary. The ovule seems to be campylotropus. The
nucellus has no parietal cells and is tenuinucellate. The embryo sac is formed ac-
cording to the bisporic eight nucleate Allzum type of development. Not a few organelles
occur in the cells in the meiosis and in the developing embryo sacs. In the cells con-
structing a 7-celled mature embryo sac, mitochondria become to be distinguished from
plastids in their internal structure and in a stain property of their matrix. There are
not a few plastids with a starch grain in these cell. Furthermore, lipid grains are viewed
in these cells, though they are not viewed in the cells during the meiosis and in the
developing embryo sacs. These cells in the 7-celled mature embryo sac are outlined
with a thin wall constructed of the substance stained with ruthenium red in the thin
sections. In the embryo sac where one of synergids has already degenerated, the thin
wall is disappeared and instead of the wall, a cell membrane is formed along the
disappeared wall. In the boundary between the cells of egg apparatus and central
cell, the formation of cell wall for dividing them is lag behind. Along the boundary,
two cell membranes are in close contact with each other, though the interruptions
in the contacts occur. Some interruptions contain the substance stained with ruthenium
red and others do not. It seems that the formation of cell membrane and cell wall
in the unfertilized egg cell or/and the fertilized egg cell starts from the formation
of the thin wall constructed of the substance stained with ruthenium red in the 7-
celled young mature embryo sac.

Introduction

The genus Allium is usually treated as a genus of the family Liliaceae
(s.1.). But Hutchinson (1959) assigned Allium to the Amarylidaceae and Dahlgren
et al. (1985) assigned it to the family Alliaceae which is a family established
to divide the Liliaceae (s.l.) into many small families. Although in Nothos-
cordum, Muilla and Brodiaea of the Alliaceae, their embryo sacs are formed
according to the monosporic eight nucleate Polygonum type of development, in
the members of Allzum hitherto examined, except for Allium mutabile (after
Davis, 1966), their embryo scacs are formed according to the bisporic eight
nucleate Allium type of development (Dahlgren & Clifford, 1982 ; Dahlgren et al.,
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1985). Unfortunately, the embryo sac formation of Allium thunbergii remains
" to be investigated. So, we investigated the formation pattern, using the tradi-
tional light microscopic technique. Furthermore, we have intended to investi-
gate the pattern using a transmission electron microscope, as such an investiga-
tion has become to perform occasionally from 1960’s. Although the developing
embryo sac of Allium has examined using the transmission electron microscope,
the structure of the mature embryo sac unfortunately has not examined yet
(Willemse & van Went, 1984). This paper reports on the developmental pattern
and the cytological structure of the embryo sac in Allium thunbergii.

Material and Methods

Many flowers at various stages of their development were collected from
many individuals of Allium thunbergii growing wild at Kiyosato in Yamanashi
Prefecture at appropriate intervals extending from August to September in 1987
and 1988. Furthermore, some individuals collected at Kiyosato and at Hakone-
machi in Kanagawa Prefecture were transplanted and grown on the campus of
the Yokohama National University. The materials for the electron microscope
observation were mostly obtained from them. The materials for the light
microscope observation were fixed in FAA (formalin-acetic-alcohol). They were
embedded in paraffin (m.p. 57-60 C), after they were dehydrated in ethyl
alcohol-tert. butyl alcohol series. These embedded materials were sectioned at
about 6 #m thick, and these sections were stained with Heidenhain’s iron alum
hematoxilin and fast green FCF combination. For the electron microscope ob-
servation, a few ovules were carefully excised as a cluster from each of the
ovaries under a binocular and they were fixed in 2.59%, glutaraldehyde buffered
with 0.1 M phosphate buffer. Some of them were fixed in 2.59% buffered glu-
taraldehyde that contained 0.19; ruthenium red for staining pectin of cell wall.
Furthermore, they were post-fixed with 125 osmium tetroxide in 0.1 M phosphate
buffer. These fixed materials were dehydrated in a graded alcohol series and
embedded in low viscosity epoxy resin (Spurr, 1969). Thin sections were stained
with 19, uranyl acetate and lead citrate and examined under a JEM-100CX ele-
ctron microscope. ‘

Observation

(1) Ovule

The ovary is divided into three locules, each with two ovules. The pla-
centation is axial. The ovule is composed of a small nucellus invested with two
integuments. The angle between the axis of funicle and the axis of nucellus
is evidently more than 90° in the ovule where a megasporocyte has just entered
the meiosis (Fig. 1A) and it becomes about 90° in the ovule where the meiosis
has been over (Fig. 1B). Thus, the ovule gradually and slowly curves. Ulti-



Embryo sac formation of Allium thunbergii 47

mately, the micropyle which is composed of the inner integument alone faces
down toward the placenta in the ovule with a mature but unfertilized embryo
sac (Fig. 1D). During the ovular curvature, the nucellus also curves (Figs. 1C,
D) and it terminates in the embryo sac. The ovule of A. thunbergii seems to
be campylotropous rather than anatropous. When the ovule begins to curve or
when the meiosis begins in the megasporocyte, the two integuments attain to
the tip of the nucellus (Fig. 1A). In the median longitudinal section of the
young ovule (Figs. 1A, B), characteristically, the outer integument formed from
the lower region of the funicle is much thicker than that formed from the
upper region.

Fig. 1. Development of ovule. A. Young ovule with megasporocyte. B. Ovule with
four nucleate embryo sac. C. Slightly curved nucellus with four nucleate embryo
sac. D. Ovule with mature embryo sac. E. Curved nucellus with mature em-
bryo sac.

(2) Embryo sac formation

An archesporial cell which differentiates directly below the epidermis at the
nucellar tip develops into a megasporocyte (Fig. 2A) without any mitotic divi-
sions. It becomes larger and undergoes the first division of meiosis (Fig. 2B)
to produce two dyad cells (Fig. 2C), which are separated with a transverse
wall. ‘The micropylar cell of the two soon aborts (Fig. 2E) and the second
division of meiosis, without the accompanying formation of a wall, produces
two free haploid megaspore nuclei in the chalazal dyad cell (Figs. 2D, E). That
is, the chalazal dyad cell becomes functional. Two successive mitotic divisions
then take place in the functional dyad cell, yielding a mature embryo sac (Fig.
2H). That is, the 7-celled embryo sac matures through the stages of four-
nucleate embryo sac (Fig. 2F) and eight-nucleate embryo sac (Fig. 2G) in order.
The mature embryo sac is composed of an egg apparatus, three antipodal cells
and two polar nuclei. The egg cell is of nearly the same size as the two
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Fig. 2. Development of embryo sac. A. Megasporocyte. B. Megasporocyte at meta-
phase of Meiosis I. C. Two dyad cells, each with one nucleus. D. Functional
chalazal dyad cell with two nuclei and nonfunctional micropylar dyad cell. E.
Two-nucleate embryo sac with degenerated micropylar dyad cell. F. Four-nucleate
embryo sac. G. Eight-nucleate embryo sac. H. 7-celled mature embryo sac.

synergids and it is much larger than each of the antipodal cells. In the egg
cell, its nucleus surrounded by the cytoplasm occupies its chalazal region and a
vacuole does its micropylar region. In both the synergids, conversely, their
nucleus is situated at their micropylar region and a vacuole is situated at their
chalazal region. The synergids have not a filiform apparatus on their surface.
However, the micropylar end of the mature embryo sac is covered with a thick
wall, which probably is produced owing to the degeneration of the epidermal
cells at the nucellar tip during the development of embryo sac. One of the
two polar nuclei is situated near the egg apparatus and the other does near the
antipodal apparatus.
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(3) Organelle

There are not a few organelles in the cells in meiotic process (Fig. 3A) and
in the developing embryo sacs. In particular, such organelles as mitochondria
and plastids which are enclosed with a double membrane are frequent. How-
ever, they are very small and their internal structure still develop very poorly.
Because of low degree of their differentiation, it is very difficult to distinguish
mitochondria from plastids. However, if it is assumed that the slightly oval
organelles whose matrix has slightly higher stain property are plastids and the
others are mitochondria, the plastids are one forth or one fifth as many as the
mitochondria of which more than 150 are counted in a median longitudinal
section of the cells in meiotic process and of the poly-nucleate premature em-
bryo sacs. Although mitochondria and plastids are usually scattered all over
the cytoplasm of cells in meiotic process and of premature embryo sacs, occa-
sionally they concentrate near the nucleus. The rough endoplasmic reticurum
(RER) occurs commonly. There are about ten Golgi apparatus in a median
longitudinal section of the cells in meiotic process and of the premature embryo
sacs. Each of them is composed of three to five cysternae and a few vesicles
near them.

In every cell constructing a 7-celled mature embryo sac, both mitochondrion
and plastid become larger than those in the premature embryo sac. Cristae are
elaborated in the mitochondrion and thylakoids develop in the plastid, though
there is not much difference in size between the mitochondria and the plastid
yet. Many of plastids in the egg cell and synergid of the embryo sac in
which one synergid has already degenerated have a starch grain or grains in
their matrix (Fig. 3D), though such plastids are very meager in the other cells
of the embryo sac. Many lipid grains are contained in the cytoplasm of egg
cell (Figs. 3B, C) and of the central cell, though they are not viewed in the
cytoplasm of the cells in meiotic process and of the premature embryo sac.
Cysternae constructing a Golgi stack occasionally become six or more (Fig. 3C)

and the diameter of each cysterna becomes larger. The RER occurs commonly
" all over the cytoplasm of the cells constructing the mature embryo sac.

(4) Cellular envelope

(a) Plasmodesma

Cells constructing a young ovule where the megasporocyte has not entered
the meiosis yet are meristematic and their wall is very thin. Plasmodesmata
occur in the wall of an archesporial cell which has just differentiated in the
nucellus (Fig. 4A). That is, the archesporial cell is kept in contact with its
surrounding nucellar cells by the plasmodesmata. In the ovule where the meiosis
has just begun in the megasporocyte, the wall thickness of the nucellar cells
surrounding the megasporocyte begins to increase in their lateral wall in con-
tact with the megasporocyte (Fig. 4B). In the cell wall of the cells in meiotic
process and in the wall wholly enclosing the developing and the mature embryo
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Fig. 3. Organelles. A. Megaéporocyte. B. Egg cell. Mitochondria (m), plastids (p)

and lipid granules (1) are frequent. C. Egg cell. Golgi apparatus (g) are fre-
quent. D. Synergids. Plastids with a starch grain are frequent.




Embryo sac formation of Allium thunbergii 51

£ o i % i o

Fig. 4. Plasmodesmata and cell wall of nucellar cell. A. Plasmodesma between
archesporial cell and its neighboring cell. B. Wall thickening of nucellar cells
adjacent to the megasporocyte.

sacs, plasmodesmata are absent after the onset of this thickening.

(b) Envelope of cells constructing mature embryo sac

The cells constructing a 7-celled mature embryo sac in which two synergids
still remain to degenerate are not partitioned by a well-organized cell wall
(Figs. 5A, B). The substance strongly stained with ruthenium red accumulates
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Fig. 5. Antipodal apparatus in 7-celled mature embryo sac. A. Three antipodal cells. ;
B. Thin wall of substance stained with ruthenium red. (magnified figure near
arrow in A.)
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Fig. 6. Synergid in embryo sac where one of synergids has already degenerated. (c:
central cell, s: synergid) A. Persisting synergid. B. Cell membrane of synergid
in close contact with that of central cell. Note the interruption in the contact.
(magnified figure near arrow 1 in A.) C. Interruption in the contacts between
cell membrane of synergid and that of central cell. Note partial occurrence of
the substance stained with ruthenium red in the interruption. (magnified figure
near arrow 2 in A.) D. Cell wall between the membrane of synergid and that
of central cell. (magnified figure near arrow 3 in A.) -
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along the position where a cell wall is expected to be formed (Fig. 5B). As a
result, a thin wall constructed of this substance surrounds these cells. In the
sections, each cell of the embryo sac is viewed to be bordered by the thin wall.
That is, each of the cells is merely partitioned by the thin wall strongly stained
with ruthenium red. Occasionally, the egg cells with a partial lack of the wall
at their chalazal end are viewed. Furthermore, a cell membrane also is absent
in every cell constructing the 7-celled embryo sac.

However, the cell wholly bordered by the thin wall stained with ruthenium
red is absent in the embryo sac in which one of the synergids has already
degenerated. In the egg cell, persisting synergid and the central cell of the
embryo sac, a cell membrane is formed along the position where the thin wall
strongly stained with ruthenium red has been situated. As a result, the mem-
branes wholly enclose these cells (Figs. 6A-D). The cell membrane of the cells
constructing the egg apparatus is in close contact with that of the central cell
at and near their chalazal end (arrow 1 in Fig. 6A, Fig. 6B). But, at the
portion away from their chalazal end, the cell wall intervense between two cell
membranes (arrow 3 in Fig. 6A, Fig. 6D). Several interruptions in the contacts
between two membranes are present along the cell membranes that link the
position where two membranes are in close contact with each other with the
position where the wall intervenes between two membranes (arrow 2 in Fig. 64,
Fig. 6C). Some interruptions (Fig. 6C) contain the substance which is strongly
stained with ruthenium red, while the others do not (Fig. 6B).

Discussion

The ovule of Allium thunbergii is composed of a thin nucellus invested by
two integuments. The nucellus has not a parietal cell or cells between the
megasporocyte and the epidermis at the nucellar tip. In the section which is
cut along axis of the young ovule and which contains the funicle, character-
istically, the lower outer integument is much thicker than the upper. Because
of the difference in the integument thickness, probably, the ovule gradually and
slowly curves to attain to the anatropous condition with a curved nucellus,
namely the campylotropous condition. The embryo sac of this species is formed
according to the bisporic eight nucleate Allium type of development. These
embryological features almost coincide with the embryological features of the
genus Allium summarized by Dahlgren et al. (1985) based on the knowledge
obtained from the previous investigations.

- According to De Boer-De Jeu (1978), in the cells in meiotic process and in
the developing embryo sac of the genus Allium, there are no' plastids with a
starch grain or grains, but there are lipid granules, which increase in number
after the meiosis has been over. In Allium thunbergii examined here, lipid
granules occur in the egg cell and synergids; but they do not occur in the cells
in meiotic process and in the developing embryo:sac. It is well known that there
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are plasmodesmata in the wall of cells in meiotic process and in the wall wholly
enclosing the developing embryo sac (Willemse & van Went, 1984). But in this
species examined here, plasmodesmata occur only in the wall of the archespori-
cal cell and they are not viewed in the wall of cell in meiotic process and of
the developing embryo sac. This seems to be related with the wall thickening
of the nucellar cell in contact with the cells in meiotic process and with the
developing embryo sac. It is known for almost all angiospermous plants hitherto
examined that the distribution of organelles changes together with the develop-
ment of embryo sac (Willemse & van Went, 1984). During the formation of
embryo sac of A. thunbergii, however, the change of organelle distribution is
not viewed conspicuously. In this species the development of the embryo sac
seems to be greatly influenced by the changes of nucellar cells. The physio-
logical activity of the egg cell and synergids seems to be high, because the
mitochondria, plastids and dictyosomes become larger and become more complicate
in. structure. It is well known in an unfertilized mature embryo sac and in a
sac in which a fertilization has just take place that there is a partial lack of a
cell wall along the boundary between cells of an egg apparatus and central
cell (Willemse & van Went, 1984). In A. thunbergii, also, the same condition
is viewed along the boundary between the cells of egg apparatus and the central
cell. Furthermore, the interruptions in the contacts between the cell membrane
- of cells constructing the egg apparatus and that of the central cell are present
and the substance stained with ruthenium red is contained in some interruptions.
Such interruptions are known for cotton (Jensen, 1965) and Crepis (Kuroiwa,
1989). Furthermore, in A. thunbergii, each cells of the mature embryo sac is
enclosed with the thin wall stained with ruthenium red before the formation of
their cell membrane. These substances seem to be related to the formation of
the cell wall and the cell membrane in the mature embryo sac or fertilized
embryo sac.
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Y=, % aw (Allium thunbergii) OFEEE X ETEOHBGRE® FERO Kt BB B2 I
2T, BEFEMBALHGCTEEL Tk, BERIL3EAYShETFRERR 2HT>EGH, Wil
L71c/NE @ BRi% 2 B Befz438% 5 814 iEk  (campylotropous ovule) Tk 3., HiiHiEH
(tenuinucellate) ¢, -V =% vififg (parietal cell) WXL\ FREEL 2 FaFHE S Bx ¥H
Tt - TR S h %, MAN/DRER KRBT RO MEE PSR bh 5, KRERMK
LDHHE N EDBDITI b2V FY T EEFEEROR A DI NEE DS 5B LR
DORERMIE TR, NEEORFILFEERIONE Lk, AT v vk 047k
BHTHRHLORD L 5D, V €y FERI, HESHEPOMBPREEFORECILZLALRD
niguedy, SRR cR BT R bh %, BRLUARELHRT 5 7 M1, MAELM
JaBECcHER OB Z 237, AMF=Yaby FTELIRAINIHEGCVBERPE CHERL T3,
BhiRa o> 1 EAGEAL U o I3 B BB & it IR AR S h, Fh X h oMl
ZHA TS, MIEEED, IEEMBMII & FRAEROBERAT S 2B T, BRIhTW5, 20



Embryo sac formation of Allium thunbergii 55

BRI ClaBigET Ao MR RESEE LT 505, HOMNCEERAR bh b, BEMTI
AT =V ALy, FTROAINAIWENEERTWELIDEEThThinnbonb s, 7THIRAT
ERIhAERLEEWVRETCEOR AT =Y<L, FCEIHRE ZWEOHRL, IIHIEE -
BN 31 S Ml & MifaEE O R O R R L Bbh b,
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