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STELLINGEN 

I 

Voor het omschrijven van het na enige tijd terugkeren van bepaalde kenmerken 
tijdens de ontwikkeling van de celorganel-populatie gedurende de megasporo-
genese en de megagametogenese wordt het begrip 'cyclus' oneigenlijk gebruikt. 

H. G. DICKINSON en U. POTTER (1978): J. Cell 
Sei. 29: 147-169. 

II 

De positie van de kern(en) in de megasporemoedercel wordt in hoge mate 
bepaald door de vorm van de cel en/of de ligging van de cel ten opzichte van 
de micropyle en de chalaza. 

Dit proefschrift. 

Ill 

De indeling van de hogere planten naar de ontwikkeling van hun functionele 
megaspore in mono-, bi- en tetraspore types blijkt een ondoelmatige basis­
indeling te zijn. 

Dit proefschrift. 

IV 

Gezamenlijk wetenschappelijk onderzoek dat neerkomt op het verrichten van 
individuele deelonderzoeken binnen een groter geheel, waarbij er naar ge­
streefd wordt dat de uiteenlopende belangstelling en persoonlijke specialisatie 
van de onderzoeker zo goed mogelijk tot zijn recht komt, dient niet als multi­
disciplinair onderzoek te worden aangeduid. 

De voorvoegsels 'mega' en 'micro' in de begrippen 'megaspore' en 'microspore' 
suggereren ten onrechte dat er slechts een verschil in grootte bestaat tussen deze 
sporen. 



VI 

Het aankoopbeleid van wetenschappelijke instrumenten dient er op gericht 
te zijn, dat aan het te verwachten wetenschappelijk rendement voor de onder­
zoeker tenminste even veel gewicht wordt toegekend als aan een optimaal 
gebruik in bedrijfs-economische termen. 

VII 

Het is niet voor elk kruisbevruchtend gewas commercieel verantwoord om 
door middel van antherecultuur homozygote lijnen te produceren voor de 
winning van hybridezaad. 

VIII 

De geneigdheid van de individuele agrariër om zijn bedrijf te onderwerpen 
aan beheersregelingen wordt ten onrechte naar buiten toe meer bepaald door 
de algemene opinie onder de agrariërs dan door zijn eigen verlangens. 

IX 

Het aanprijzen van een bepaald merk hondevoer door een drs. in de biologie 
is laakbaar. 

X 

Uit de 'prikkelende' advertenties van sommige leveranciers van wetenschap­
pelijke instrumenten blijkt dat men er ten onrechte van uitgaat dat deze in­
strumenten hoofdzakelijk door mannelijke vertegenwoordigers aan mannelijke 
onderzoekers verkocht zullen worden. 

M. J. DE BOER-DE JEU 

Wageningen, 20 oktober 1978 
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A 
AC 
AMC 
ANA1 
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functional or viable (dyad) cell 
central vacuole 
chromosome 
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central core of an ER complex 
cell-plate 
clear vacuole 
cross-wall 
cytoplasm 
dictyosome 
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diakinesis 
diplotene 
vesicle derived from dictyosomes 
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electron-dense vacuole 
Impatiens 
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kinetochore 
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leptotene 
lamellar endoplasmic reticulum 
mitochondrion 
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metaphase II 
microtubules 
micropyle 
megaspore mother-cell 
multivesicular body 
nucleus 
nuclear envelope 
nucleolus 
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4 NUC st 
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PACH 
PB 
PF 
PR 
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nucleolus-like body 
nuclear pore 
nucleolema structure 
nucellus 
four-nucleate embryosac 
two-nucleate megaspore 
four-nucleate stage 
outer integument 
plastid 
pachytene 
paramural body 
protein-fibrils 
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rough endoplasmic reticulum 
starch 
sacculation structure 
telophase I 
telophase II 
tubular smooth endoplasmic reticulum 
zygotene 



1. I N T R O D U C T I O N 

1.1. GENERAL INTRODUCTION 

Generative reproduction in Angiosperms starts with two subsequent proces­
ses, sporogenesis and gametogenesis. Sporogenesis leads by meiotic divisions 
to the formation of haploid spore nuclei. At the end of gametogenesis the 
haploid gametes are formed as a result of the development from spore to 
gametophyte. The processes of male development are generally called micro-
sporogenesis and microgametogenesis. The processes of female development are 
called megasporogenesis and megagametogenesis or macrosporogenesis and 
macrogametogenesis. In this thesis the terms megasporogenesis and megaga­
metogenesis are used. 

The formation of male gametes starts in the anther with the differentiation 
of vegetative cells to microspore mother-cells. Each microspore mother-cell 
undergoes meiosis leading to the formation of four haploid microspores. Each 
microspore develops into a male gametophyte - the pollengrain - in which one 
vegetative and one generative cell are formed. Eventually the generative cell 
divides into two male gametes. 

The formation of female gametes starts in the nucellus of young ovules with 
the differentiation of one nucellus cell into the megaspore mother-cell. During 
the meiotic divisions the megaspore mother-cell's nucleus forms four haploid 
nuclei. The nuclear divisions are not always followed by cell divisions. 

Based on cell-plate formation during the meiotic divisions three different 
main types of megasporogenesis are distinguished according to MAHESWARI 

(1950): 
monosporic type: all nuclear divisions are followed by cell divisions, resulting 

in the formation of four haploid spores. This occurs in 
70-80% of the Angiosperms. 

bisporic type: the first nuclear meiotic division is followed by cell-plate 
formation leading to cell division. The second nuclear 
meiotic division is not followed by cell division ; megasporo­
genesis results in two cells each having two haploid nuclei. 

tetrasporic type : the nuclear divisions are not followed by cell divisions; 
megasporogenesis therefore results in one cell with four 
haploid nuclei. 

In all three types only one cell - having respectively one, two or four nuclei -
becomes functional megaspore and starts megagametogenesis. If present, the 
other spores degenerate. The megagametogenesis can be classified in different 
groups based on the number of mitotic nuclear - and cell divisions resulting in a 
varying number of cells and a varying number of haploid nuclei in the mature 
embryosac. In the mature embryosac - the female gametophyte - usually only 
one female gamete, involved in the formation of an embryo, is formed - the 
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egg-cell - . Megasporogenesis always results in the formation of one viable 
megaspore in contrast to the microsporogenesis which always gives rise to four 
viable microspores. 

1.2. RESEARCH OBJECT 

Numerous botanists have studied the megasporogenesis in Angiosperms 
with light-microscopic technics. A survey about this work was given by P. 
MAHESWARI (1950 and 1963), RUTISHAUSER (1969) and PODDUBNAYA-ARNOLDI 

(1976). On the ultrastructural level there were electron-microscopic studies 
about megasporogenesis in Angiosperms: ISRAEL (1963), ISRAEL and SAGAWA 

(1964, 1965), JALOUZOT (1971, 1973), RODKIEWICZ and BEDNARA (1974, 1976), 
RODKIEWICZ and MIKULSKA (1963, 1964, 1965), DICKINSON and HESLOP-

HARRISON (1977) and DICKINSON and POTTER (1978). None of them described 
the ultrastructural development of the cell organelles during the whole process 
of megasporogenesis, they all dealt with a specific part or aspect of the process. 

Much mor« was published about the ultrastructural development of the cell 
organelles during microsporogenesis, as by MARUYAMA (1968), DICKINSON 

and HESLOP-HARRISON (1970a, 1970b, 1977), VAZART (1973), WILLEMSE 

(1971a, 1971b, 1971c, 1972) and others. 

This thesis presents the results of a comparative study of the megasporogene­
sis in Angiosperms, mainly based on electron-microscopic technics and includes 
a discussion about the ultrastructure of the cell organelles in the various devel­
opmental stages. Since light-microscopic studies have indicated a polarity of the 
cell special attention has been drawn to the distribution of the cell organelles in 
the cytoplasm of the cell. Furthermore the organelle composition of the 
megaspores is estimated, in order to obtain information about their viability 
and abortivity. 

Three species have been examined : 
Impatiens walleriana, Hook. f., supposedly having the monosporic type of 
megasporogenesis as reported by STEFFEN (1951), 
Allium cepa L., having the bisporic type of megasporogenesis, 
Lilium hybrid 'Enchantment', having the tetrasporic type of megasporogenesis. 
Chapter 2 comprises a survey of the technics applied. In the chapters 3, 4 
and 5 the megasporogenesis of respectively Lilium, Allium and Impatiens is 
described and discussed. In chapter 6 the developments of the three species are 
compared. In chapter 7 the major conclusions are presented. Chapter 8 and 10 
comprise the summary respectively samenvatting, chapter 9 the acknowledge­
ments and chapter 11 the references. 
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2. APPLIED METHODS 

2 . 1 . L I G H T - M I C R O S C O P I C ( L M ) M E T H O D S 

2.1.1. HERR's clearing-squash technics 
Starting the studies of the ovule- and megasporophyte development the fol­

lowing clearing-squash technics was used (HERR, 1971) : 
Ovules dissected from ovaries were fixed for 24 hours in FAA (formalin, 

acetic acid, 50% ethanol, 5:5:90) and stored in 70% ethanol. Ovules treated in 
this way were transferred to a freshly prepared fluid composed of lactic acid 
(85%), chloralhydrate, phenol, clove oil and xylene (2:2:2:2:1 by weight). 
After treatment for 24 hours at room temperature the ovules were transferred 
within a drop of clearing fluid to a special prepared slide for microscopic 
examination. This kind of slide has two coverglasses affixed 1 cm apart. 
Within the space formed in this way a drop of clearing fluid, containing the 
ovules, was placed and a third coverglass was placed on top of the preparation, 
resting on the two mounted coverglasses, which eliminate the pressure of the 
top cover on the ovules. The preparations were examined with phase-contrast 
optics of Leitz Dialux and a Wild M-20 microscope. The cells of the ovules will 
gradually get apart through lightly and repeatedly pressing the coverglass with 
a needle midway between the support. The following small variation of HERR'S 

technics was also applied : in stead of a fixation with FAA, a fixation with 
buffered glutaraldehyde as for electron-microscopy was used. The compositions 
of the specific buffered glutaraldehyde fixatives, used for the three species will 
be mentioned in the concerning chapters. After glutaraldehyde fixation the 
ovules were dehydrated by graded ethanol series up to 70% ethanol (2.2.). 

2.1.2. Preparation of 3 um sections 
The technics mentioned above were applied in order to study the develop­

ment of the inner- and outer integuments of the ovule. These technics were also 
used to examine the place of the nuclei in the megaspore mother-cell (especially 
in Lilium). The nuclear structure, however, was not very clear and the methods 
were not applicable for the determination of the various prophase stages. For 
this determination the ovules embedded in epon (see 2.2.1.) were longitudinally 
cut into 3 fim sections. The sections were placed on slides in a drop of water. 
When the slides are heated to 80 C the sections stretch and flatten. The pre­
parations were examined with a phasecontrast microscope with immersionoil 
under the coverslip. 

2.1.3. Callose-checking method 
To check the presence of callosic compounds in the cell-wall of the megas-

porocyte the fluorescence method was described by RODKIEWICZ and GÓRSKA-

BRYLASS (1968) was used. Ovules were removed from the ovaries and fixed in 
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ethanol-acetic acid (3:1). After fixation, the ovules were hydrolysed in 1 N HCL 
for 5-10 minutes and then washed in water. Squash preparations were made in 
a aqueous solution of 0.05% aniline-blue in 0.06 M K2H PO4. By using an 
UV-fluorescence microscope callose gives a yellow fluorescence. 

2.2. ELECTRON-MICROSCOPIC (EM) METHODS 

2.2.1. Glutaraldehyde-osmiumtetroxyde fixation 
A glutaraldehyde-osmiumtetroxyde fixation was applied principally. For 

the three species different concentrations of buffered glutaraldehyde and 
osmiumtetroxyde solutions at different fixation times were used. These con­
centrations and times are mentioned in the chapter specific for each of the 
species. 

During all developmental stages of one species always the same fixation 
method was used. Ovules were dissected from the ovaries and fixed in a buffered 
solution of glutaraldehyde at room temperature. For buffering always a 
phosphate buffer (primary potassium phosphate and secondary sodium 
phosphate) at pH 7.2 was used. For Lilium and Allium saccharose was added 
to the phosphate buffer. After fixation the material was rinsed three times 
during 15 minutes in the buffer. The material was postfixed in a buffered 
osmiumtetroxyde solution; for Allium and Lilium also containing saccharose. 
After this fixation the material was rinsed in buffer again and dehydrated by 
graded ethanol/propylene oxyde-series. The different gradation steps are - in 
their proper sequence - 10%, 25%, 50%, 70%, 90% and 100% (2 x ) ethanol, 
mixtures of ethanol/propylene oxyde, respectively in the proportion of 3:1, 
1:1 and 1:3, and then a mixture of propylene oxyde/epon in the proportion of 
3:1. Every step took 10 minutes except the last one, which took an overnight 
during which the propylene oxyde evaporated and the epon concentration 
increased. The material was embedded in epon. The ovules were sectioned 
longitudinally with a LKB ultramicrotome. Thin sections, made with glass 
knives or diamant knives, were picked up on coppergrids (75 mesh) coated with 
formvar-film. The sections were poststained with leadcitrate (REYNOLDS 1963). 
For the selection of the sections a Siemens electron-microscope Elmiskop 51 
was used. Selected sections were studied with a Philips EM 300. When the use 
of a goniometer was necessary we availed ourselves of a Philips EM 301 with 
goniometer stage. 

2.2.2. Potassiumpermanganate fixation 
Potassiumpermanganate fixation was only used in the initial period of each 

species study, when the proper glutaraldehyde-osmiumtetroxyde fixation 
was not yet developed. Usually a series of combinations of KMn04 concen­
trations (1-5%) and fixation times (0,5-3 hours) was used. After fixation the 
material was rinsed in water, dehydrated by graded ethanol/propylene oxyde 
series and embedded in epon. It was thick-sectioned (3/mi) for light-microscopic 
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Observation and thin-sectioned (60-90 nm) for EM observation. This method 
primarily was used to check the development stages of the megaspore mother-
cell in relation to the size of the flowerbuds. In the 3 /im sections the chromoso­
mal structure of the various prophase stages, easily observed with the phase-
contrast LM, could be determined. 

However, thin sections of KMnCU material were not usable for the study of 
the nuclear ultra structure. By potassiumpermanganate fixation apparently 
nucleic acids were partly destroyed. For this reason only glutaraldehyde-
osmiumtetroxyde fixation was used for ultra structural study of the organelles. 

2.2.3. Re-embedding method 
As already mentioned, for the determination of the developmental stages 

of the nucleus, 3 //m sections of the epon-embedded material were used, because 
in the ultrathin sections only small pieces of the chromosomes were present 
and therefore determination was practically impossible. 

In order to obtain sections for both determination studies and ultrastructural 
studies, both 3 /mi sections and the ultrathin sections had to be cut from the 
same ovule. The ovule was initially cut semithin, until enough information 
could be gained for proper determination and then the remaining material was 
cut ultrathin. This method is very time-consuming because, when during cut­
ting the megaspore mother-cell is reached, each 3 /im section has to be studied 
until the nucleus is reached, otherwise one risks that the whole ovule is thick-
sectioned and no material is left for thin-sectioning. To solve this problem, a 
modified method for re-embedding as described by MOGENSEN (1971) and Cox 
and SEELY (1974) was used. The ovule was sectioned completely in 3-5 ^m 
sections. The sections were prepared for observation and the best of them were 
selected. The slides with the sections still affixed were thoroughly rinsed in 
absolute ethanol to wash out the immersionoil. The selected sections were 
removed from the slides by carefully cutting with a razor blade. In the meantime 
small precast epon blocks were prepared in a Blazers flat-embedding mould, 
by filling the holes to the half with epon. The selected sections were placed on 
the flat side of these small blocks in a drop of water. By heating the blocks upto 
80 C the sections would stretch and flatten. After being dried the sections were 
fixed upon the small epon blocks. The sections were enclosed in epon fluid by 
filling the remaining holes in the flat-embedding mould to the top. The blocks 
with the re-embedded material were so small that they could easily be observed 
with a light-microscope. For the re-orientation of the material before thin-
sectioning, a light-microscope without an object-table, condensor and micros­
copic light was used. The LKB block with the objectholder was placed under 
the microscope at the correct distance from the lens for the material to be in 
focus. With a table-spotlight the magnifications of 40 x and 100 x could easily 
be used. In this way the orientation of the flat section could be brought per­
pendicularly to the field of sectioning. 
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2.2.4. THIËRY-test 
For the detection of polysaccharides on electron-microscopic level the 

method described by THIÉRY (1967) was used : Thin sections of glutaraldehyde-
osmiumtetroxyde fixated material were picked up on golden grids of 300 mesh 
without formvar film. The sections on the grids were treated in the following 
way: 30 minutes with 1% periodic acid; rinsing thoroughly in water; for 20 
hours in 0.2% solution of thiocarbohydrazid in 20% acetic acid; rinsing 3 times 
in 15% acetic acid, 1-2 times in 5% acetic acid, 1-2 times in 2% acetic acid and 
in water; followed by treatment with 1% silverproteinate during 30 minutes 
in the darkroom and rinsing in water frequently. By way of control a treatment 
with 20% acetic acid without thiocarbohydrazid was used. By the THiÉRY-test 
polysaccharides could be detected by the deposition of small silvergranules 
which were visible as electron-dense granules in the electron-microscope. 

2.2.5. Quantitative methods 
See enclosures I, II, III, figures 4, 16 and 27 and enclosure V. 
For measuring and counting the various cell organelles electron-microscopic 

(EM) photos of sections of complete megaspore mother-cells and megaspore 
cells were used. These photos were selected on the distinctness of the various 
cell organelles and on the presence of the nuclei in the various developmental 
stages. For each species photos of distinctly differing developmental stages 
were chosen. The magnification of the photos did not vary within the species. 
For Allium and Impatiens a magnification of 8,000 x was applicable, whereas 
for Lilium a lower magnification of 2,500 x was necessary, since this species has 
extremely large megaspore cells which causes troubles when taking EM photos 
of the whole cell, using a higher magnification. For each species only one photo 
of every developmental stage was used for measuring and counting. 

The area of the total cell, of the nucleus and of the nucleolus were determined 
by measuring the length and the width of the cell, the nucleus and the nucleolus. 
For each species the sizes of the cell and the nucleus are presented in fim in the 
enclosures I, II and III, which please find in the map on the inside of the back 
cover of this thesis. The area of the nucleolus, as far as it was possible to be 
measured, is presented in the figures 4,16 and 27 and in enclosure V, expressed in 
square /mi. 

The thickness of the cell-wall was determined by measuring the whole cell-
wall between the megaspore mother-cell and the surrounding nucellus cells, 
data of which are presented in the enclosures I, II and III. After measuring the 
thickness of the cell-wall of the nucellus cells, the exact thickness of the mega­
spore mother-cells and megaspore cells could be determined and this size is 
represented in the figures 4, 16 and 27 and in enclosure V. 

The area of cell cytoplasm was determined by counting the number of points 
found to be present in the cytoplasm by the use of a mould. This mould consists 
of a tracing-paper on which a lattice of points with a mutual distance of 4.45 mm 
is printed (WILLEMSE 1971c). By covering the EM photos with this mould the 
points present on the inside of the cell cytoplasm can be counted. 
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The amount of electron-transparent vacuolar substances and of lipidic com­
pounds within the cytoplasm was determined by counting the number of 
points found in the clear vacuoles and in the lipid bodies. These amounts are 
expressed in points per cytoplasmic area and are represented in the figures 4, 
16 and 27 and in enclosure V. 

The amount of lamellar endoplasmic reticulum (LER) membranes in Lilium 
was determined by the use of a mould consisting of a tracing-paper presenting 
parallel lines with a mutual distance of 1 cm. The total length of the lines cros­
sing the cytoplasm of the cell was measured, when also the total number of 
cross-points between the LER membranes and the lines was counted. A 
measure for the number of LER membranes was reflected by the quotient 
between the total number of the cross-points and the total length of the lines 
(WEIBEL 1973). The mould with the lines was always applied in the cell in such 
a way, that the lines were perpendicular to the axis micropyle-chalaza. 

The total number of dictyosomes, mitochondria and plastids was counted 
per cell at every developmental stage of the nucleus. The number per cytoplas­
mic area of dictyosomes, mitochondria and plastids was calculated. This 
cytoplasmic area contains 150 points for the species Impatiens and Allium 
(magnification 8,000 x) and 50 points for Lilium (magnification 2,500 x ). 
These differences in points of cytoplasm were chosen to enable us to compare the 
the numbers of the cell organelles mentioned above per cytoplasmic area of the 
three species, found in the comparable developmental stage. 

The number of ribosomes and polysomes was counted in photos with a 
higher magnification. For each species the 25,000 fold magnification was 
applied. Also for ribosomes and polysomes a number per cytoplasmic area 
was calculated, but this cytoplasmic area was not expressed in points of cyto­
plasm but in square /un, because for counting the ribosomes and polysomes a 
square mould was used (figures 4, 16 and 27 and enclosure V. 

As only one cell of every developmental stage of each of the species was 
counted, a statistical analysis of the quantitative data could not be made. 

The quantities of the other cell organelles represented in the figures 4, 16 and 
27 and enclosure V were estimated, since no available measuring or counting 
method could be applied. These estimated quantitative results were reproduced 
in black histograms, whereas the quantitative data counted were reproduced 
in dotted histograms. 
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3. M E G A S P O R O G E N E S I S A N D E A R L Y 
M E G A G A M E T O G E N E S I S IN T H E LILIUM H Y B R I D 

' E N C H A N T M E N T ' 

3.1. INTRODUCTION 

Lilium has the tetrasporic type of embryosac development. Figure 1 shows 
schematically the megasporogenesis and megagametogenesis in Lilium ac­
cording to BAMBACIONI (MAHESWARI 1950). In this figure our data for the size 
of the cell are used. MAHESWARI stated that after meiosis the four nuclei of the 
megaspore are distributed at random in the cytoplasm (four-nucleate stage I). 
The cell becomes functional megaspore when three nuclei move to the chalazal 
pole and one nucleus to the micropylar pole (four-nucleate stage I after 'polari­
zation'). The cell polarized in this way enters the megagametogenesis. During 
the first mitotic division the spindle of the three dividing nuclei at the chalazal 
pole fuse together to one spindle, thus after division forming two triploid 
nuclei. The nucleus at the micropylar pole divides normally to form two haploid 
nuclei. This stage is called the second four-nucleate stage - in our thesis called 
four-nucleate embryosac - . After the second mitotic division the eight-celled 
mature embryosac is formed. 

The large proportions of the Lilium megasporocyte enables light-microscopic 
examination of cytoplasmic changes during megasporogenesis. GUILLERMOND 
(1924) examined the mitochondria and plastids during meiosis. He suggested 
that these organelles are self-propagating and that their continuity is preserved 
during meiosis. He also observed so-called ergastoplasmic bodies which he 
considered as fixation artefacts. FLINT and JOHANSEN (1958) revealed an 'extru­
sion' of nucleolar substances from the nucleus into the cytoplasm. They sug­
gested a relation between these nucleolar substances and spindle formation as 
well as nuclear movement. EYMÉ ( 1965) described the development and distribu­
tion of extensive so-called ergastoplasmic structures. These structures, examin­
ed by electron-microscopy, in co-operation with RODKIEWICZ, appeared to 
consist of endoplasmic reticulum cisternae. EYMÉ also observed a polar distribu­
tion of cell organelles in the young megaspore mother-cell. RODKIEWICZ and 
MIKULSKA (1963, 1965) started with electron-microscopic examination of 
Lilium megasporogenesis and megagametogenesis. They revealed the ultra-
structural development of the endoplasmic reticulum during megasporogene­
sis. They also decribed the ultrastructure of the cell organelles at the second 
four-nucleate stage and in the mature embryosac (MIKULSKA and ROD­

KIEWICZ (1965, 1967a, 1967b). A comparative study of membrane-bound 
cytoplasmic inclusions during meiotic prophase of Lilium micro- and mega­
sporogenesis was published by DICKINSON and ANDREWS (1977). They suggest­
ed that these inclusions preserve reserves necessary for postmeiotic develop-
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ment and permit the continuity of protein synthesis during meiosis. DICKINSON 

and HESLOP-HARRISON (1977) and DICKINSON and POTTER (1978) revealed 
changes in the ribosome population during microsporogenesis and megaga-
metogenesis in Lilium and other species. They established a correlation be­
tween these changes in ribosome population and the membrane-bound cyto­
plasmic inclusions. They also stated so-called cycles of dedifferentiation and 
redifferentiation of the plastids and mitochondria during Lilium micro- and 
megasporogenesis. 

3.2. MATERIAL AND METHODS 

For light-microscopy 3 fim sections from glutaraldehyde-osmiumtetroxyde 
fixed material as described previously in 2.1.2. and clearing-technics prepara­
tions (2.1.1.) were used. 

For electron-microscopy the glutaraldehyde-osmiumtetroxyde fixation 
(2.2.1.) and a potassiumpermanganate fixation (2.2.2.) were applied in com­
bination with the re-embedding method (2.2.3.). For staining of carbohydrates 
at EM level the TmÉRY-test (2.2.4.) was used. 

The glutaraldehyde-osmiumtetroxyde Fixation was applied as follows: 
ovaries of - in greenhouses grown - Lilium hybrid 'Enchantment' plants were 
cut transversely in sections of 0,5 mm thick. The sections were fixed for 1,5 
hour in 5% glutaraldehyde in 0,1 M phosphate buffer at pH 7,2 containing 
0,025 M saccharose. They were rinsed in 0,1 M phosphate buffer containing 
0,25 M saccharose and postfixed during 20 hours in buffered 2% OsCU con­
taining 0,025 M saccharose. The epon-embedded ovules were sectioned longi­
tudinally. The sections were poststained with leadcitrate (REYNOLDS 1963). 

3.3. RESULTS AND DISCUSSION 

3.3.1. Light-microscopy 

3.3.1.1. Ovules 
The Lilium ovaries are syncarp consisting of three carpels. At the edges of 

the carpels the young ovules are of subepidermal origin. The very young 
ovules consist of mitotic dividing nucellus cells, showing meristematic charac­
ters with dark cytoplasm without central vacuoles (figure 2a). The epidermis 
cells of the nucellus remain intact during the whole process of megasporogene­
sis and megagametogenesis. One of the inner nucellus cells, laying just under the 
epidermis becomes archespore mother-cell (AMC). The archespore cell (AC) 
originates directly from the AMC without division. The AC can be disting-
huished from the surrounding nucellus cells by its larger size and pronounced 
nucleus. The AC becomes megaspore mother-cell (MMC) when the nucleus 
enters meiotic prophase (according to the definition of RUTISHAUSER, 1969). 
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FIG. 2. Photo 2a : archespore cell (AC) stage, in which the integuments of the ovule are not 
formed yet. Photo 2b: MMC at leptotene. Note the first cells of the inner integuments (II). 
Photo 2c: MMC at zygotene. Note the first cells of the outer integuments (OI). All three 
photographs have a magnification of 450 x . The line represents 10 fim. The micropylar side 
is at the top side of the photographs. 



During the archespore cell stage the integuments of the ovule are not formed 
yet (figure 2a). When the nucleus of the young MMC is at leptotene the first 
dividing nucellus cells, which give rise to the formation of the inner integuments, 
appear (figure.2b). At about zygotene the first cells of the outer integuments 
appear (figure 2c) and at about pachytene-diplotene the integuments are fully 
grown. The mature ovule is anatropous, bitegmic and tenuinucellate. 

In the ovaries the ovules are arranged in long rows on the placenta. Mainly 
by light-microscopic examination of the chromatin structure the different 
stages are to be distinghuished. The developmental stage of the inner- and 
outer integuments only gives an indication. The ovules of one ovary have 
developmental variations depending on their position in the ovary. In upper 
position - near the style - they are less developed than in lower position. 
Growing from archespore mother-cell till metaphase I takes about 10 days in 
summertime. In one ovary the ovules then mostly vary within one prophase 
stage, in consequence of which a clear identification of the exact prophase stage 
is difficult to establish. From metaphase I till four-nucleate stage it takes less 
than two days. Within this range of stages there are three longer stages, namely 
metaphase I, two-nucleate stage and four-nucleate stage. These three stages 
can be present in one ovary often without any ana- and telophases. We regret 
that during our research the ana- and telophase I stages were not found. Even 
after various diurnal and nocturnal fixation-times, in which ana- and telophase 
II were found, we did not come across ana- and telophase I. These latter stages 
are probably of a short duration. 

3.3.1.2. From megasporocyte to four-nucleate embryosac 
The young archespore cell has a length of about 25 /mi (along the axis 

micropyle-chalaza) and a width of about 35 /mi. During the premeiotic inter­
phase the AC enlarges to more than twice its original size, both in length and in 
width. The shape of the AC changes from a common elliptic cell shape with the 
long axis parallel to the epidermis to a conical shape with the top pushed deep 
in the nucellar tissue (figure 2a, b and c and encl. IV A). 

During the prophase stages the MMC enlarges to about twice its original 
length again whereas the width remains about constant. The shape of the 
MMC is getting oval. From metaphase I up to four-nucleate embryosac the 
cell enlarges 1.5 times again. The length of the cell in the four-nucleate em­
bryosac is about 180 /mi, the width about 65 /im (figure 1). 

The nucleus enlarges gradually during the premeiotic interphase and the 
meiotic prophase from a diameter of 17 /mi to a diameter of 35 pirn. In the AC 
the nucleus contains 2-3 nucleoli having small vacuoles. At leptotene only one 
large spherical nucleolus is found, having one large vacuole and a few small 
vacuoles (figure 2b). At zygotene the nucleolus appear to be closely pressed to 
the nuclear envelope (figure 2c). During pachytene and diplotene the nucleolus 
is spherical, also usually located near the nuclear envelope. The nucleolus 
enlarges during the prophase stage till its maximum at diplotene (figure 4) and 
still contains small vacuoles. At diakinesis the nucleolus has disappeared. At 
12 
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two-nucleate and four-nucleate stage two spherical compact nucleoli per 
nucleus are perceptible. 

3.3.1.3. The position of the nucleus 
During leptotene and zygotene, when the MMC has a conical shape the 

nucleus is situated in the centre, a little bit more on the micropylar side. During 
pachytene and diplotene, when the MMC has a more oval shape, the position 
of the nucleus varies strongly. Using the clearing technics with glutaraldehyde 
fixation 94 ovules at pachytene-diplotene were scored on their nuclear position. 
Figure 3A schematically shows the results. Also the position of the four nuclei in 
the four-nucleate stage before polarization was examined and 37 ovules were 
scored. Figure 3B shows the results. 

Discussion 
From figure 3A the conclusion is justifiable that the nucleus is preferably 

positioned in the centre of the cell, when the cell has an oval-like shape. When 
the cell has a pear-like shape the nucleus prefers to be located at that side of the 
cell where there is the greatest width. Consequently there seems to be a relation 
between the shape of the cell and the position of the nucleus. Because of the 
occurrence of the nucleus in the centre twice as frequent as at the funicular 
and the opposite side, the conclusion interpreted that the nucleus has a rotation 
movement during this stage seems obvious. The nucleus has a tendency to be 
positioned as far as possible from the funiculus side, as is shown in figure 3A. 
From figure 3B we may conclude that the nuclei are preferably positioned in 
diamond-shaped formation. Also here there is a relation between the shape of 
the cell and the position of the nuclei. 

Presuming that the rotation movement of the prophase nucleus stops when 
the cell enters metaphase and that after the first meiotic division no movement 
of the nuclei takes place, we can presume a certain relation between the two 
figures described above. There is a relation between the central position in 
figure 3A (64) and the diamond-shaped formation in figure 3B (27). Also the 
pear-like shaped cells in figure 3A and 3B show a relation. When we presume 
that spindles are formed by a microtubule organizing centre (PICKETT-HEAPS, 

1970), which duplicates and separates during prophase along an axis, the 
direction of which defines the final position of the nuclei, the next conside­
rations are applicable. 

From the available results it appears that the spindle axis during the first 
meiotic division preferably has the direction micropylar-chalazal pole, some­
times with a deviation to the right side (figure 3A, i). When the cell has a round 
shape there is enough room for the second meiotic spindle axis to run perpen­
dicular to the first meiotic spindle axis, resulting in the square-formation of the 
nuclei. When the cell has a pear-like or an oval-like shape this formation is not 
possible, so that a deviation of the second meiotic spindle axis is necessary. 
This deviation is directed in 27 cases (b and c) to the left and in 8 (a) cases to the 
right (figure 3B). The second meiotic spindle axis forms an angle with the first 
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FIG. 3. Scheme 3A: the nuclear position in the MMC at pachytene/diplotene. 3A, i shows 
the direction of the spindle axis at metaphase I (arrows). 

meiotic spindle axis, owing to which the preferation of the first spindle axis to 
a deviation to the right can be explained from figure 3B. Considering the posi­
tion of the nucleus in figure 3 A the configurations b, c, e and f can not make a 
spindle axis micropylar-chalazal pole. Configurations b and c can form an 
angle to the right side or to the left side : about 16 form an angle to the left side. 
Configuration e forms only an angle to the left side. The total number of 
configurations with a left side deviation of the first spindle axis is about 23, 
resulting in the configuration a of figure 3B. This indicates that the position of 
the nucleus during the meiotic prophase defines - in correlation with the shape 
of the cell - the position of the four nuclei after meiosis 

and 3 V h t t P O l a r i Z a t i ? n t h r e C ° f t h e f 0 u r n u c l e i m o v e t o the chalazal pole 
ofthenn^i miCT^laT fole- * the common diamond-shaped formation 
remain ̂ W T T * " f ^ d ° S e t 0 t h e mi<™pylar pole and this one will 
remain there. In this case the polarization of the cell has already taken place 
14 
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FIG. 3. Scheme 3B: the position of the four nuclei in the four-nucleate stage before polariza­
tion. The arrows show the direction of the spindle axes at metaphase II. 

after the second meiotic division. In the other nuclear configuration two nuclei 
are positioned at the micropylar side. It is not predictable which one will remain 
there and which one will move to the chalazal pole. In this case the polarization 
starts by the moving of one nucleus to the chalazal pole. 

3.3.2. Electron-microscopy 
In enclosure I a detailed survey is given of the most important morphological 

changes of the various cell organelles and structures. Figure 4 gives a quantita­
tive impression of the most important features in the stages which are com­
parable with those in the other species examined, based on measurements as 
described in 2.2.5. Enclosure IV A shows the distribution of a number of cell 
organelles within the cytoplasm during the developmental stages. The enclo­
sures I and IV please find in the map on the inside of the back cover. 
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3.3.2.1. Nucleus 
Shape and size. During the meiotic prophase the size of the nucleus enlarges 

about 2-3 times. The shape is nearly spherical, whereas at leptotene the surface 
of the nucleus becomes lobed. These nuclear undulations reach a maximum at 
zygotene and they have disappeared at diplotene. 

Chromatin structure. The chromosomal structures show the common 
appearance during meiotic prophase (MOENS 1968). In the archespore cells the 
nucleus has besides dispersed chromatin and fragments of condensed chro­
matin structure, structures, which look like rests of a nucleolema consisting of 
ribonucleoprotein-particles (figure 5). These structures have disappeared at 
leptotene. At early zygotene the axial cores of the unpaired chromosomes are 
visible. At mid-zygotene the chromosomes start pairing which results in the 
appearance of synaptinemal complexes. At pachytene synaptinemal complexes 
are visible. They consist of one central- and two lateral elements. At diplotene 
the two homologous chromosomes are partially separated and only a few 
remnants of the synaptinemal complexes are visible. At diakinesis the homo­
logous chromosomes are strongly condensed and move to the equatorial plane 
of the spindle whereas the nuclear envelope is still intact. At metaphase I -
just as at metaphase II (figure 6) - the condensed chromosomes are positioned 
in the centre of the spindle figure while the nuclear envelope has disappeared 
and can not be distinguished from the cytoplasmic membranes (figure 6a). 
The chromosomes are connected with spindle microtubules at their kine-
tochores (figure 6b). From the chromosomes the microtubules run to the polar 
regions where an abundant network of tubular smooth endoplasmic reticulum 
(TSER) is present (figure 6a). 

It is suggested that TSER cisternae also are connected with the chromosomes 
but not at the attachment sites of the microtubules (figure 6b, arrow). Within 
the spindle figure small dictyosomes are perceptible (figure 6c). After segrega­
tion of the chromosomes, they move towards the polar regions where they are 
enclosed by a nuclear envelope. Within the nuclei of the two-nucleate stage the 

FIG. 4. Survey of the quantitative data of the most important features in Lilium megasporo-
genesis and early megagametogenesis. See 2.2.5. for the methods used for measuring and 
counting the various cell organelles. 
a) filled block represents 300 square /mi 
b) filled block represents 500 ribosomes/0,6 square /an cytoplasm 
c) filled block represents 15 polysomes/0,6 square /mi cytoplasm 
d) filled block represents Q = 5 
e) filled block represents 7,5 dictyosomes/50 points cytoplasm 
f) filled block represents 50 points/50 points cytoplasm 
g) filled block represents 50 mitochondria/50 points cytoplasm 
h) filled block represents 10 plastids/50 points cytoplasm 
i) filled block represents 5 points/50 points cytoplasm 
k) filled block represents 0,5 urn 
1) filled block represents 2500 points cytoplasm (± 2.500 x ) 
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FIG. 5. Detail of the nucleus and the cytoplasm in the archespore cell. Note the nucleolema 
structure (NS) in the nucleus, the nuclear pore (NP) in the nuclear envelope (NE) and the 
different cell organelles like rough endoplasmic reticulum (RER), plastid (P), mitochondrion 
(M) and multivesicular body (MVB) in the cytoplasm, x 25.000. The line represents 1 /mi. 

chromatine is dispersed with a few condensed fragments. A few membrane 
structures are present within the karyoplasm. At metaphase II again the con­
densed chromosomes are positioned in the equatorial plane of the spindle 
figures. Figure 6 shows the various structures within the spindle figure of meta­
phase II. The poles of the spindle figures again consist of a network of TSER in 
which also dictyosomes can be observed. At anaphase II the chromatids 
segregate and move to the poles. The reconstruction of the nuclear envelope 
starts directly at the surface of the condensed chromatids when they reach the 
spindle poles. At four-nucleate stage most of the chromatin again is dispersed. 
This structure remains during the movement of the nuclei and polarization of 
the cell. The same nuclear ultrastructure is found in the four-nucleate embryo-
sac. 

18 
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Nucleolus. At the premeiotic interphase a nucleolema structure is visible in 
the 1-3 nucleoli. At meiotic prophase the only one nucleolus, arised by fusion 
of the 1-3 nucleoli, has an electron-dense granular structure with small 
electron-opaque vacuoles. The nucleolus enlarges during the prophase stages 
till a maximum at diplotene (figure 4). 

With the exception of zygotene when the nucleolus is strongly attached to the 
nuclear envelope, the nucleolus is spherical-shaped during meiotic prophase. 
At diplotene the nucleolus has the largest volume and a faint nucleolema 
structure visible again on that side of the nucleolus which is not attached to the 
nuclear envelope. In diakinesis the nucleolus has disappeared. At two-nucleate 
stage 1-2 big nucleoli and a number of small strong electron-dense nucleoli 
appear. 

Nucleolus-like bodies in the cytoplasm. From two-nucleate stage on in the 
cytoplasm electron-dense bodies of nucleolus-like material are found (figure 7). 
These bodies look like small condensed nucleoli. Also in the four-nucleate 
stages these nucleolus-like bodies can be observed in the cytoplasm. 

Nuclear envelope. The nuclear envelope has many pores during all stages 
(figures 5 and 7) except at pachytene in which only a few pores are present. At 
zygotene and at diplotene the estimated number of pores in the nuclear envelope 
has its maximum (figure 4) whereas at zygotene most of the pores are situated on 
the chalazal side of the nucleus. In the AC, at leptotene and at pachytene a few 
evaginations of the inner membrane in between the envelope - called saccula­
tions - filled with material similar to material from the karyoplasm, are per­
ceptible (figure 8). 

During all the stages structural relations between the nuclear envelope and 
cytoplasmic membranes are found. The outer nuclear envelope is part of the 
endomembrane system of the cell. This is expressed by the continuity of the 
outer nuclear membrane and the endoplasmic reticulum. During diakinesis 
the nuclear envelope breaks down in fragments. At late anaphase the recon­
struction of the nuclear envelope with pores starts at the surface of the still 
condensed chromatin. Figure 9 shows a chromosome which is partly surrounded 
by a nuclear envelope fragment. In the cytoplasm nearby, smooth endoplasmic 
reticulum, microtubules, dictyosomes and lipid bodies are perceptible. The 
lipid bodies seem to have connections with ER, while microtubules are con­
nected with chromatin on that side of the chromosome where the nuclear 
envelope is absent (arrow). On the other side microtubules appear to be related 
to cytoplasmic membranes. The asterisk shows the surface of the nuclear 
envelope in tangential section stucked with pores. In the four-nucleate stage 
some lipid bodies can be observed, attached to the outer membrane of the 
nuclear envelope. 

Discussion 
The spindle figure during Lilium megasporogenesis has not the common 

appearance of spindle figures as described by BAJER and MOLÈ-BAJER (1972). 
Also abundant TSER complexes at the polar regions of the spindle figure are 
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FIG. 7. Detail of the nucleus and the cytoplasm in the two-nucleate stage. Note the presence 
of a nucleolus-like body (NLB) in the cytoplasm, x 25.000. The line represents 1 /un. 

FIG. 6. Photo 6a: Survey of the spindle figure in the MMC at metaphase II; Note the net­
work of tubular smooth endoplasmic reticulum (TSER) at the polar regions, x 2.400. The 
line represents 10 pm. 
Photos 6b and c: Details of photo 6a. Note the attachment of microtubules (MI) at the kine-
tochore (K) of the chromosome (CH). The arrow shows the attachment site of a TSER 
cisterna with the chromosome. 
Beside TSER and microtubules, small dictyosomes (D) and lamellar endoplasmic reticulum 
(LER) are found in the spindle figure, x 19.000. The line represents 1 /mi. 
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FIG. 9. Detail of a chromosome, partly surrounded by a nuclear envelope, in the MMC at 
anaphase II. The arrow shows the attachment site of the microtubules with the chromatin. 
The asterisk shows the surface of the nuclear envelope in tangential section, stucked with 
pores. Note the presence of dictyosomes, TSER cisternae and lipid bodies in the cytoplasm 
nearby, x 25.000. The line represents 1 /mi. 

not observed during Lilium microsporogenesis (DIETRICH, 1968). PORTER and 
MACHADO (1960) found a proliferation of double membranes encircling the 
mitotic spindle in tip cells of onion root. They suggested that this membrane 
sheath may have a function in maintaining a partial isolation of the spindle 
figure from the rest of the cell. 

In Lilium megasporogenesis, besides the abundant TSER complexes at the 
polar regions, also TSER cisternae are running parallel to microtubules from 
the chromosomes to the polar regions. The TSER cisternae seem to be connect­
ed to the chromosomes but not on the attachment-sites of the microtubules. 
Between microtubules and TSER cisternae no connections are found. The 
microtubules disappear within the TSER complexes at the polar regions. 
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These results suggest that the TSER cisternae may have a similar function as the 
microtubules have in the spindle apparatus. The occur; ence of TSER com­
plexes at the polar regions does not seem to be occasionally, they also seem to 
have a function in the spindle apparatus. As it is generally assumed that frag­
ments of the nuclear envelope after this break-down loose their specificity and 
become part of the endomembrane system (PORTER and MACHADO, 1960), not 
only the TSER complexes at the polar regions in particular can at least partially 
consist of fragments of the nuclear envelope, but that is also the case with the 
other endoplasmic reticulum structures round the spindle figure. 

The nucleolus-like bodies, present in the two and four-nucleate stages of 
Lilium megasporogenesis, are also found in Lilium microsporogenesis 
(DICKINSON and HESLOP-HARRISON, 1970b) and in the microsporogenesis of 
Pinus (WILLEMSE, 1971c). The nucleolus-like bodies consist of RNA (possibly 
r-RNA) originated during diplotene from the nucleolus organizing region 
(WILLIAMS et al., 1973). The latter authors suggest that these nucleolus-like 
bodies are precursors for ribosomes and polysomes in the cytoplasm. 

Nuclear envelope break-down and reformation during mitosis is studied by 
several authors (PORTER and MACHADO, 1960; BAJER and MOLÈ-BAJER, 1969; 
ZATSEPINA et al., 1977). According to BAJER and MOLÈ-BAJER the break-down 
of the nuclear envelope is caused by the disruption of this envelope by spindle 
microtubules. ZATSEPINA et al. suggest that NE fragmentation is caused by 
processes as undulation of the NE and destruction and disappearance of the 
pore complexes. By the disappearance of the granular layer of peripheral chroma­
tin, the nuclear envelope looses its rigidity causing folds and invaginations. 
Fragmentation occurs between the nuclear pores and the fragments loose their 
specificity and become part of the cytoplasmic endomembrane system. Re­
formation starts at the chromosomal surface by contact of this surface with 
membrane fragments. These fragments increase in length during the reforma­
tion and they are assumed to be initiators for the formation of the new syn­
thesized nuclear envelope. The last place in which the NE is reforming is in the 
region where the remaining spindle microtubules are still attached to the 
chromatin, thus being a handicap for the reformation of the NE around the 
nucleus to be completed (ZATSEPINA et al., 1977). 

According to these theories, the undulations of the nuclear envelope seem to 
be a starting point of the fragmentation of the nuclear envelope. But in Lilium 
megasporogenesis at zygotene maximal undulation of the nuclear envelope is 
found while at the same time numerous nuclear pores are present. Maybe here 
the undulations also serve for an increase of the contact surface between the 
nucleus and the cytoplasm. In chapter 6.2.2.1 we shall revert to this subject. 

It is possible that at zygotene an increase of the nucleo-cytoplasmic exchange 
takes place. The few small evaginations of the inner nuclear membrane -
called sacculations - , present also at pachytene, are possibly caused by the loss 
of rigidity of the nuclear envelope. Similar but more extended structures are 
found during the prophase in Allium and Impatiens (Chapters 4 and 5) mega­
sporogenesis. JALOUZOT (1973) describes the same structure in the meiotic 
24 
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prophase of Oenothera lamarckiana megasporogenesis, while LA COUR and 
WELLS (1972) have found similar structures in the prophase of megasporo­
genesis of Triticum durum. The latter authors also describe a disappearance of 
nuclear pores during the meiotic prophase and they presume a decrease of 
nucleo-cytoplasmic exchange of ribonucleoproteins. 

All these structures can be found at the meiotic prophase and may indicate a 
possible function during this stage. The presence of karyoplasm-like material 
between the two nuclear membranes may point to an increased nucleo-cyto­
plasmic exchange of probably more soluble material, especially because of the 
loss of nuclear pores at this phase. In chapter 6.2.2.2 we shall revert to this 
subject. 

The presence of lipid bodies and dictyosomes close to the nuclear envelope 
reformation site can indicate a relation of these organelles to this process. The 
lipid bodies can provide in a need of phospholipidic compounds, necessary for 
the formation of the nuclear envelope. This suggests a de novo synthesis of the 
new membrane. However, there are also ER membranes present in the proxi­
mity, which may be rests of the previous nuclear envelope and can act as syn­
thesis starting sites. The microtubules present in the proximity are left there 
after the segregation of the chromosomes. No clear connections between 
microtubules and ER cisternae are found so that it would serve no useful 
purpose to make here a suggestion for a possible transport function of micro­
tubules during this process. 

3.3.2.2. M i c r o t ubu l e s 
At pachytene microtubules appear in the perinuclear zone. At diplotene more 

microtubules are found distributed at random in the cytoplasm. At diakinesis, 
metaphase I, II and anaphase II numerous microtubules are perceptible within 
the spindle apparatus. After these stages no microtubules are found. 

3.3.2.3. Cy t op l a sm i c r i bo somes 
At the premeiotic interphase ribosomes are found as monosomes, as poly­

somes and attached to ER membranes. In the early meiotic prophase the num­
ber of ribosomes attached has diminished and after zygotene very few polysomes 
are found. At zygotene, when the nuclear envelope shows undulations, the 
cytoplasmic invaginations in the nucleus have a more electron-dense appear­
ance in consequence of the presence of more ribosomes. At pachytene, when 
concentric ER complexes are formed, the cores with cytoplasm enclosed 
contain less ribosomes than the surrounding cytoplasm. In the later stages some 
of the cores contain more ribosomes than the surrounding cytoplasm. In the 
four-nucleate stages the number of polysomes increases. 

The archespore mother-cell shows a maximum number of ribosomes per 
cytoplasmic area (figure 4). In the next stages this number decreases till a 
minimum level at zygotene. After zygotene the number of ribosomes per 
cytoplasmic area remains about constant till the four-nucleate embryosac. 
From the latter stage on, the number of ribosomes per cytoplasmic area in-
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creases. During the decrease of the number of ribosomes per cytoplasmic area 
from AMC till zygotene, the cytoplasmic volume of the cell increases more than 
twice. This indicates that the total number of ribosomes during this period 
remains about constant. From zygotene on, the cytoplasmic volume still in­
creases, while the number of ribosomes per cytoplasmic area remains about 
constant, indicating that the number of ribosomes increases nearly equal to 
the cytoplasmic growth. While the cell growth continues, the number of ribo­
somes increases too from the four-nucleate embryosac on. 

Discussion 
DICKINSON and HESLOP-HARRISON (1977) and DICKINSON and POTTER (1978) 

described an apparent decline of cytoplasmic ribosomes during micro- and 
megasporogenesis in Lilium. In microsporogenesis the main fall of cytoplasmic 
ribosomes takes place between leptotene and pachytene, while a restoration 
of the population is found after diakinesis. After metaphase I they find nu-
cleolus-like bodies in the cytoplasm. The above authors relate the increase of 
the ribosome population after metaphase I with the disintegration of the cyto­
plasmic nucleolus-like bodies, which are interpreted to consist of precursors 
for ribosomes and polysomes. They also find single membrane-bound bodies 
containing more cytoplasmic ribosomes than the surrounding cytoplasm. These 
bodies desintegrate during the later stages and therefore being responsible for 
the increase of the ribosome population. In megasporogenesis the authors 
remark a fall of the ribosome population between leptotene and zygotene and 
a restoration until leptotene level at the dyad stage. They do not find nucleolus-
like bodies in the female cytoplasm and they attribute the restoration of the 
ribosome population in this case to the multi-membrane-bound cytoplasmic 
bodies, which are present during all the stages after zygotene. 

According to our results a break-down of the ribosome population is not 
found, so that there is no reason for a restoration of this population. However, 
the total amount of ribosomes apparently increases during the meiotic divi­
sions. In the same time nucleolus-like bodies are found in the cytoplasm and 

FIG. 10. Photo 10a : RER in archespore cell stage A, x 25.000. The line represents 1 pm. 
Photo 10b: Arrangement of LER cisternae in archespore cell stage B, x 25.000. The line 
represents 1/mi. 
Photo 10c: Undulating parallel arranged LER cisternae forming cores (CO) in the MMC at 
leptotene, x 13.000. The line represents 1 /un. 
Photo lOd : Complexes of LER in the MMC at pachytene, x 3.000.The line represents 2 pm. 
Photo 10e: Paracristalline body in between the ER membranes, in the MMC at pachytene, 
x 40.000. The line represents 0,5 pm. 
Photo lOf: Complexes of LER in the MMC at metaphase I, x 3.000. The line represents 
2 pm. 
Photo 10g: Organization of LER in the MMC at anaphase II, x 12.000. The arrow shows 
'blebbing' of the membranes. The line represents 1 pm. 
Photo 10h : Packets of parallel arranged membranes (arrows) in the four-nucleate embryosac, 
x 25.000. The line represents 1 pm. 
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these may be responsible for the increase of the ribosome population. 
A ribosome 'flow' during metaphase is described by WILLEMSE and LINSKENS 

(1968). Because of the disintegration of the nuclear envelope, ribosomes from 
the karyoplasm can mix with cytoplasmic ribosomes, thus increasing the amount 
of cytoplasmic ribosomes. 

In our material the multi-membrane-bound cytoplasmic bodies - the cores 
of the concentric ER complexes - contain at the same time in one cell both 
more and less ribosomes than the cytoplasm. It seems that these cores have no 
relation with the increase of the ribosome population. 

3.3.2.4. Endop l a smic r e t i cu lum (ER) 
Figure 10 shows the development of ER during megasporogenesis. In the 

archespore mother-cell rough endoplasmic reticulum (RER) is found. In the 
early archespore cell (figure 10a) the RER lamellae tend to be situated parallel 
to each other and to the nuclear envelope. The number of ribosomes attached 
is decreasing. In this stage also a few tubular smooth endoplasmic reticulum 
(TSER) cisternae are found. In the later archespore cell (figure 10b) the ER 
cisternae show only a few ribosomes attached. This type of endoplasmic reti­
culum is called lamellar endoplasmic reticulum (LER). The lamellae are 
arranged in parallel arrays. A number of ER cisternae is concentrated in sphe­
rical complexes, which look like unreeling balls (figure 10b). At leptotene the 
parallel arranged ER cisternae show undulations. At zygotene the ER cisternae 
tend to enclose cytoplasm by the formation of complexes of concentric arranged 
cisternae (figure 10c). The central core of these complexes sometimes contains 
mitochondria or lipid bodies. At pachytene the number of cisternae in the 
complexes varies from 5 to 20 (figure lOd). Incidentally electron-dense struc­
tures are observed in between the ER membranes, which are connected with 
both LER and TSER cisternae, sometimes the same time (figure 11). The size 
of these structures is of 0,3-0,6 ßm. The structures show units with different 
shapes depending on the point of observation. The units have electron-dense 
contents and are surrounded by a membrane. Sometimes a regular lattice of 
rectangles is found (figure 10e). By using a goniometer rectangles, hexagons, 
round units and squares can be seen (figure 12). These structures are found at 
late zygotene pachytene and diplotene and at the four-nucleate stages. During 
rnmn f ? T " ^ n U m b e r o f « ^ n t r i c a l l y arranged cisternae per 

m e Z S d e T r T e S , M e a n W h Ü e T S E R C ° m P l e x e s a P P e a r i n ^ e cytoplasm At 
S Ï of the H , n t r 0 m p l f C S ° f T S E R C r a n e s are part of the polar 

3 c o n l t P in , f l g U r e ( m e n t i o n e d b e fore). Numerous complexes with 
cömoTeTn T S ™ 6 a r e f ° U n d ( f l g U r e 10 f>- A t two-nucleate stage small 
T m apLse H ?SFR e m a i "* ^ ^ L E R l a m e l l a e a r e P e r c e P t i b l e -
so n^le £ e A ? Cv°mp eXCS a r e f 0 u n d a § a i n i n the polar regions of the 
smaller oneTpr ^ f ' " t h f S e C ° m p l e x e s i n t e g r a t e into groups of 
S Ï S S i T Z a . n a P H ° n ' t h C L E R C i s t e r n a e s b o w drastic changes. 
oform^LTP ZTrttmg i r r e g u l a r ; t h e ^ m b r a n e s are 'blebbfng' 

form vesicles (figure 10g). From four-nucleate stage on, the complexes are 
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FIG. 11. Electron-dense structure in between the ER membranes, connected with both LER 
and TSER cisternae, in the MMC at pachytene, x 25.000. The line represents 1 /an. 

getting more and more irregular. The membranes are fading, and after the first 
mitotic division in the four-nucleate embryosac, only a few rests of lamellar 
endoplasmic membranes are left, forming packets of parallel arranged mem­
branes (figure 10h). Also the TSER cisternae disappear and in the four-nucleate 
embryosac only few membranes are left. 

During the meiotic prophase the number of LER cisternae is increasing till 
a maximum at pachytene. At diplotene the number of LER cisternae has 
decreased and in the later stages their number remains about constant. Mean­
while the number of TSER cisternae increases from pachytene on, till a maxi­
mum at metaphase I. After a small decrease again a maximum appears at meta-
phase II. After this stage the number of TSER cisternae rapidly decreases. 

Enclosure IV A shows the distribution of ER in the cell. In the archespore 
mother-cell the ER is dispersed in the cytoplasm. In the archespore cell the ER 
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cisternae are being arranged in the perinuclear zone. On the micropylar side 
more LER is found. At zygotene the ER complexes are distributed at random 
in the cytoplasm. At pachytene and diplotene a preference of the ER complexes 
for the micropylar side of the cell is found. At two-nucleate stage the complexes 
are particularly found in the zone between the two nuclei. This distribution 
remains till four-nucleate stage I, in which the complexes are distributed at 
random. After the polarization of the cell the complexes are found again in the 
zone between the polar distributed nuclei. TSER cisternae are distributed at 
random in the cytoplasm or found in small groups, except at metaphase, in 
which abundant complexes of TSER are found in the polar regions. 

Discussion 
The concentric complexes of endoplasmic reticulum lamellae are described 

by EYMÉ (1963), RODKIEWICZ and MIKULSKA (1965), DICKINSON and POTTER 

(1978) during meiotic prophase of Lilium megasporogenesis. RODKIEWICZ and 
MIKULSKA suggest that these structures may have arisen under 'asphyxiai' 
conditions, caused by the megaspore mother-cell being coated with integuments 
during the growth of the ovule. In our opinion there seems to be a relation 
between these complexes of ER lamellae and the non-formation of cell-plates 
during meiosis (DE BOER-DE JEU, 1978 : see discussion 3.4.). 

Comparable electron-dense structures are also found in the endoplasmic 
reticulum of the oosphère of Mnium (BAJON-BARBIER, RIMSKY and VVILLAIME, 
1973). These authors find the same networks of hexagons and squares in the 
tilting range of the specimens, but at different tilting angles. They do not find a 
regular round unit structure. The ultrastructure and organization of prola-
mellar bodies within etioplasts (GUNNING and STEER, 1975) show similarities 
with the electron-dense structures, with this difference, that the prolamellar 
bodies have a much larger size. In all these cases membrane components like 
lipoproteins are stacked lattice-like within structures which can be considered 
as paracristalline. In the etioplasts the prolamellar bodies are storage sites of 
lipoproteins, from which the synthesis of thylakoid membranes takes place. 

The paracristalline structures in the ER complexes of Lilium megasporocyte 
can be considered as storage sites of lipoproteins originating from LER. The 
pores (units) have a diameter-variation comparable with the distance-variation 
of two membranes of lamellar ER, which are regularly attached to the para­
cristalline structures. It is possible that from these structures by a re-arrange­
ment of membrane components the formation of tubular SER cisternae takes 
place, because after the appearance of these structures at pachytene an increase 
of the quantity of TSER at diplotene is found. The round pores can be the 
sections of tubular ER membranes which are also attached to the structures. 
After disappearance from metaphase on, at four-nucleate stage the paracristal­
line bodies re-appear, presumably for the storage of membrane components 
originating from TSER cisternae, which are disappearing at this stage. So the 
paracristalline structures are found when TSER cisternae appear and disappear. 
There may be a relation between the formation of TSER and the appearance of 
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microtubules which are first found at pachytene. These microtubules are found 
near the TSER cisternae. BURGESS and NORTHCOTE (1968) suggest that SER is 
concerned with the transportation of microtubular proteins to the sites in 
which the aggregation of microtubules takes place. 

3.3.2.5. Dictyosomes 
In the premeiotic interphase the dictyosomes show a polar organization 

with a proximal and a distal face. During the meiotic prophase the size of the 
dictyosome cisternae decreases whereas the number of cisternae (7-8) per 
dictyosome remains constant. At the end of prophase two types of dictyosomes 
are found. One type has 7-8 small, stacked cisternae and is found in the periferal 
zone. The other type has a small network-shaped appearance and is found in 
the perinuclear zone and in the spindle figures at meta- and anaphase (figure 6c). 
Also in the four-nucleate stage and the four-nucleate embryosac both types of 
dictyosomes are found. 

During all the stages the dictyosomes produce small electron-dense vesicles, 
which show polysaccharidic contents after treatment with thiocarbohydrazide 
and silverproteinate (THIÉRY, 1967,2.2.4, figure 13b). 

The number of dictyosomes per cytoplasmic area increases from premeiotic 
interphase till leptotene. At zygotene the number has diminished and remains 
about constant during the later phases, except at diplotene and metaphase I, in 
which a minimal number of dictyosomes per cytoplasmic area is found. 
Considering the growth of the cell volume the number of dictyosomes rapidly 
increases during premeiotic prophase, and in the stages after leptotene the in­
crease of the dictyosomes is about equal to the growth of the cell, except at 
diplotene and metaphase I, where presumably no increase of dictyosomes takes 
place. In the premeiotic interphase and at leptotene the dictyosomes are distri­
buted at random in the cytoplasm. From zygotene on, two zones of dictyosomes 
are found separated by the network of ER, a periferal and a perinuclear zone. 
At metaphase I and II dictyosomes are found within the spindle apparatus, 
except at the polar regions. In the later stages the early mentioned zonal distri­
bution of the dictyosomes remains. 

3.3.2.6. Vesicle- and vacuolar system 
During all stages various vesicles and vacuole-like structures are perceptible : 

whch Z f , t
 5 ' 7 h l C h a r e S t rUCtUres ' s u r r ounded by a membrane,in 

T h e ™ C e C t r ° n - d e n s e a n d c l e a r vesicles are found. The matrix in which 
ThZT f TS a r e e m b e d d e d h a° * light electron-dense appearance, 
pachvtene T * T f 0 ^ ™ * t h e P ^ ^ i c interphase stages (figure 5), at 
vestw s h ow? P v S e " a n d m t h e f o u r - n u c l ^ te stage. The electL-dense 
C Ä . I S S . I I ! ^ ^ r e a C t l 0 n WhCn tCSted ° n Polysaccharidic contents 

a l e ™Zr tZZ C c U O l 7 ' W h k h "firregUlarly s h a P e d s t r u c t u r e s> surrounded by 
S ï ^ l T T T 1 1 d e c t r o n - d e n s e granular matrix with small clear 
vacuoles (figure 13). These structures are found in all the stages in which multi-
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FIG. 13. Photo 13a: Electron-dense vacuole (EDV) in the cytoplasm of the MMC at lepto-
tene, x 25.000. The line represents 1 /un. Photos 13b and 13c show the results of the THIÉRY-
test, when the material is not post-fixed with osmiumtetroxyde. Photo i3b shows a dictyo-
some, photo 13c electron-dense vacuoles, x 37.000. The line represents 0,5 /un. 
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vesicular bodies are absent. Perhaps these structures are modified multivesicular 
bodies with an electron-dense granular matrix. The electron-dense granular 
matrix shows a positive reaction for polysaccharides (figure 13c); 
electron-gray vesicles, which are smooth oval-like vesicles filled with light 
electron-dense material. Their structure is very similar to tubular smooth endo­
plasmic reticulum and derivation from TSER is supposed. These structures are 
found in all stages ; 
'clear' vacuoles, which are smooth globular-shaped vacuoles filled with electron-
transparent contents, sometimes with some condensed electron-dense material. 
These vacuoles appear at first in the two-nucleate stage. Their number in­
creases during the next stages and in the four-nucleate stage after polarization 
the first large clear vacuoles appear, which are supposed to fuse together to 
form the central vacuole which is present in the four-nucleate embryosac and 
in the eight-celled embryosac. 

3.3.2.7. P lasma membrane 
During all stages small vesicles and tubules filled with electron-dense material 

are found between plasma membrane and cell-wall (figure 14a). In the later 
developmental stages also non-membrane-surrounded electron-dense granular 
material is found at the same sites. The number of these so-called paramural 
bodies increases during the development of the MMC. Even in the eight-celled 
embryosac paramural bodies are found and also within the cross-walls between 
the cells. It seems that the cross-walls at least partly consist of electron-dense 
vesicles and tubules (figure 14b). 

After a treatment with carbohydrazide and silverproteinate (2.2.4.) poly­
saccharides has been proved to be present in these structures (figure 14c). 

Discussion 
MARCHANT and ROBARDS (1968) give a classification of paramural bodies. 

These bodies are called lomasomes, when the surrounded membranes have been 
derived from cytoplasmic membranes, and are called plasmalemmasomes when 
the surrounded membranes have been derived from the plasmalemma. 
ROBARDS and KIDWAI (1969) describe processes which participate in the 
formation of paramural bodies. They suppose that vesicles derived from 
dictyosomes and ER are transported to the cell-wall and fuse with the plasma 
membrane to form lomasomes. Also multivesicular bodies formed from 
dictyosome-derived vesicles move to the plasma membrane and fuse with it. 
All these processes are supposed to be associated with the formation and the 
transportation of various cell-wall precursors and of enzymes involved in cell-
wall synthesis. 

In Lilium megasporogenesis multivesicular bodies and electron-dense 
vacuoles, both containing polysaccharidic material, are found (3.3.2.6.). This 
polysaccharide material is derived from dictyosomes (3.3.2.5.). The paramural 
bodies show polysaccharidic contents as well, so it is likely that the process 
described by ROBARDS and KIDWAI can also be observed in Lilium mega-
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FIG. 14. Photo 14a: Paramural bodies (PB) between the plasma membrane and the cell-wall 
in the MMC at anaphase II, x 25.000. 
Photo 14b: Cross-wall (CW) in the eight-celled embryosac, x 25.000. 
Photo 14c: THiÉRY-test of paramural bodies in the archespore cell stage. The thickness of the 
cell-wall is much smaller than at anaphase II, x 25.000. The lines represent 1 /mi. 



sporogenesis. The paramural bodies are supposed to be involved in the cell-
wall synthesis during the abundant growth of the cell. Besides this synthesis, 
also storage by paramural bodies may take place. This stored material is prob­
ably involved in the cell-wall formation of the maturing embryosac. 

3.3.2.8. Mitochondria 
The mitochondria do not show drastic changes during megasporogenesis. 

During the premeiotic stages and leptotene the mitochondria have a large oval 
to spherical shape containing numerous cristae (figure 5). Besides the ribosomes 
the matrix of the mitochondria is electron-transparent. From zygotene on, the 
mitochondria become smaller, with a more electron-dense matrix (figures 8 and 
15). The shape of the mitochondria is mostly isodiametric. The matrix of all 
mitochondria darkens and the cristae become smaller, sometimes fading within 
the electron-dense matrix. In the meiotic prophase dumb-bell shaped and lobed 
profiles are found beside the common shape. At metaphase II some of the 
cristae get dilated and in the four-nucleate stage I after polarization clear 
dilated cristae are found within a strong electron-dense matrix. In the four-
nucleate embryosac the mitochondria show the same appearance as in the 
premeiotic stages. 

The number of mitochondria per cytoplasmic area increases during premeio­
tic interphase and early meiotic prophase. From diplotene on, the number per 
cytoplasmic area remains about constant. Considering the growth of the cyto­
plasm during the early developmental stages we may conclude that during these 
stages the mitochondria will multiply considerably. From diplotene on the 
number of mitochondria increases equally with the cytoplasmic growth. The 
number of cristae which has been estimated remains about constant during the 
premeiotic interphase and the meiotic prophase. A minimal number is found 
in the two metaphases and in the two-nucleate stages. In the four-nucleate 
stages the number of cristae, found in premeiotic interphase, can be observed 
again. 

The distribution of mitochondria almost equals the distribution of plastids 
and lipids in the cell. In premeiotic interphase these oraanelles are preferently 
extant in the perinuclear zone. At leptotene and zygotene two zones with these 
organelles appear, the perinuclear zone and the periferal zone. At pachytene 
and diplotene/diakinesis an accumulation of these cell organelles is found at 
one side of the nucleus, beside the periferal zonal distributions. At metaphase I 
most of these organelles are found on the micropylar side of the cell. From two-
nucleate stage on the zonal distribution re-appear. In the four-nucleate stage 
alter polarization and in the four-nucleate embryosac these organelles are 

f S v ™ n n e n t r ? , t e d uar0Und t h e n u c l e i ' w h i l e o n ly f e w organelles are present 
a ong the cell-wall m the middle of the cell. Beside this distribution mitochondria 
are found within the cores of the concentric ER complexes. 

36 , , - . , . 
Meded. Landbouwhogeschool Wageningen 78-16(1978) 



Discussion 
DICKINSON and HESLOP-HARRISON (1977) and DICKINSON and POTTER (1978) 

describe a so-called cyclic development of the mitochondria in both Lilium 
micro- and megasporogenesis. The authors call the more condensed phase of 
the mitochondria 'promitochondria' whereas the common appearance is 
considered to be of the 'somatic' type. 

In our material a transition of the 'somatic' type to the 'promitochondria' 
type - as it is called by DICKINSON et al. - is found at zygotene. A transition of 
the 'promitochondria' type back to the 'somatic' type is found in the four-
nucleate embryosac. So in the early megagametogenesis changes of the ultra-
structure of the mitochondria lead to the original ultrastructure. In 6.2.2.9 we 
shall revert to this subject. 

Several authors suppose a replication of mitochondria by way of fission 
(BAGSHAW e.a., 1969) as a result of which dumb-bell shaped mitochondria 
appear, and by way of bud formation (TANDLER e.a., 1969) as a result of which 
lobed profiles are found. These mitochondrial configurations are found at 
premeiotic interphase and meiotic prophase of Lilium megasporogenesis. At 
the same stage the number of mitochondria increases. This indicates that pre­
viously described configurations can be related to the mitochondrial replica­
tion. 

A similar aggregation of mitochondria, plastids and lipid bodies as found in 
our material was observed at the second meiotic anaphase of Onoclea sensibilis 
by MARENGO (1977) and at the first second telophase of Ribes rubrum micro-
sporogenesis described by GENCVES (1967). Both authors find an accumulation of 
the cell organelles between the two daughter nuclei but they have no explanation 
for this phenomenon. 

The accumulation of mitochondria, plastids and lipids in our material on 
one side of the nucleus at pachytene, diplotene and diakinesis may be related 
to a special function of these organelles at that site or to an occasional aggrega­
tion of these organelles. In the first case the presence of these organelles can be 
related to the beginning of the spindle apparatus formation. We may presume 
that an energy provision is needed at or nearby the site of synthesis of spindle 
figure components. In the second case we may presume that the rotation move­
ment of the nucleus during pachytene/diplotene as described previously 
(3.3.1.3.) causes a similar movement to the cell organelles. When the nuclear 
movement stops the smaller cell organelles as mitochondria, plastids and lipids 
will be stopped by the nucleus and become accumulated at one site nearby the 
nucleus. 

3.3.2.9. P l a s t i d s 
In the archespore mother-cell common plastids are found containing 

thylakoids and plastoglobules. Also ribosomes and fibrils are perceptible in the 
matrix. The plastids generally have long-extended shapes while the so-called 
dumb-bell shapes are also found. Neither in this stage nor during all the other 
stages starch contents are found. 
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FIG. 15. Cup-shaped plastids, x 14.000. The lines represent 1/jm. 
1jum 

From the archespore cell on spherical-, dumb-bell- and cup-shaped plastids 
are found (figure 5, 15a and b). During meiotic prophase the number of spheri­
cal- and dumb-bell shaped plastids decreases whereas the number of cup-
shaped plastids increases. Meanwhile, the number of thylakoids and plasto-
globules diminishes, whereas the matrix gets more electron-transparent owing 
to the loss of ribosomes. Striking are the cytoplasmic inclusions of the cup-
shaped plastids, which mostly contain more ribosomes than the surrounding 
cytoplasm. At metaphase I all plastids are cup-shaped and have an electron 
transparent matrix with few plastoglobules and sometimes thylakoids. During 
the later stages this ultrastructure of the plastids remains with the exception of 
the four-nucleate stage after polarization. In this stage the plastids have dilated 
thylakoids and an electron-dense matrix. 

The number of plastids per cytoplasmic area remains about constant during 
premeiotic interphase, leptotene, zygotene and pachytene. After pachytene 
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their number diminishes till the four-nucleate embryosac. Considering the 
cytoplasmic growth during premeiotic interphase and early prophase an inten­
sive replication of plastids takes place at these stages. At diplotene the replica­
tion of the plastids cannot keep up with the growth of the cytoplasm causing a 
decrease of the number of plastids per cytoplasmic area. 

The distribution of the plastids equals the distribution of mitochondria 
(3.3.2.8.) and lipids. No plastids are ever found to be present within the cores 
of the concentric complexes. 

Discussion 
DICKINSON and HESLOP-HARRISON (1977) and DICKINSON and POTTER (1978) 

describe a so-called cycle of 'dedifferentiation' and 'redifferentiation' of the 
plastids during Lilium micro- and megasporogenesis. In our material a transi­
tion from a 'differentiated' type to a 'dedifferentiated' type according to 
DICKINSON et al. occur in the archespore cell. The manifestation of the 'de­
differentiated' plastids however remains during all the developmental stages, 
also in the eight-celled embryosac. So we cannot speak about a 'cycle' in our 
material. In 6.2.2.10 we shall revert to this subject. 

It is generally assumed that plastids multiply by binary fission (GREEN, 1964). 
Fission configurations like dumb-bell shapes are commonly found in cells. In 
our material dumb-bell-shaped plastids are found during premeiotic interphase 
and meiotic prophase. In these stages a replication of plastids occurs, which 
makes us conclude that the dumb-bell-shaped plastids are related to the re­
plication of plastids. 

3.3.2.10. Lipid bodies 
At the premeiotic interphase and the meiotic prophase the lipid bodies are 

small with a diameter of 0,2-0,8 /im. At late zygotene small clear vesicles are 
attached to the lipid bodies. The vesicles sometimes seem to be continue with 
TSER cisternae. At diakinesis and metaphase I the diameter of the lipid 
droplets has increased till a size varying from 0,6-4,0 ßtn. The lipid bodies at 
these stages are accumulated in complexes, mostly consisting of large lipid 
bodies in the centre, surrounded by small lipid bodies closely attached to 
the central body. After metaphase I these complexes have disappeared. From 
metaphase II on, sometimes small clear vacuoles are found within the lipid 
bodies. In these later developmental stages the diameter of the lipid bodies 
varies from 0,4 to 7,0 /an. 

The amount of lipid per cytoplasmic area apparently increases during 
meiotic prophase. At metaphase I the maximal amount of lipid per cytoplasmic 
area is found. After metaphase I the amount of lipid diminishes. Considering 
the cytoplasmic growth of the cell, the amount of lipid increases enormously 
during the meiotic prophase. 

The distribution of the lipids equals the distribution of the mitochondria and 
plastids (3.3.2.8.). Lipids are also found within the cores of the concentric LER 
complexes. At metaphase I the complexes of lipid bodies preferently exist on 
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both sides of the spindle figure. 

Discussion 
The attachment of vesicles to the lipid bodies is also described by POWELL 

(1976). This author suggests enzymic contents of these vesicles for the digestion 
of lipidic compounds. In this way the lipid bodies are consumed. In our material 
the vesicles are continuous with tubular ER membranes. By this passway lipid 
compounds are probably transported to the sites of synthesis. It is also possible 
that the TSER membranes are responsible for the transportation of the di­
gestive enzymes to the lipid bodies. The appearance of the clear vacuoles within 
the lipid bodies at later stages can also be related to the digestion of these lipid 
bodies. 

A 'cycle' of lipidic aggregation and disaggregation is described by HESLOP-

HARRISON and DICKINSON (1967) in Lilium microsporogenesis. The authors 
assume a relation between the break-down of the nuclear envelope and an 
aggregation of lipid bodies. They suggest a changement of the degree of hydrata­
tion of the cytoplasm and an increase of the pH by the break-down of the 
nuclear envelope causing an aggregation of lipid bodies. In our material also 
an aggregation of lipid bodies appears probably under similar conditions but 
only at metaphase I. 

3.3.2.11. P l a smodesma t a 

In the premeiotic interphase numerous plasmodesmata in all parts of the 
cell-wall are perceptible. During meiotic prophase only in the chalazal part of 

onlvln tu I° ^ °C C U r ' a l t h o U g h t h e i r n u m b e r d e c r e*ses . Generally 
»ullJ^TT P a i t S ° f J h e P l a s m o d e sma ta are visible. Sometimes pieces 
or onl v l A A, m a m 5 u b r a n e S W i t h 0 U t t h e c°™ecting middle are observed, 
ZZ11 f m i d

H
d l e

f
p a r t ° f ^ t u b u l e i s P « . After metaphase I no plasmodes^ 

mata are found intact, only remainders 

i m n l i c a Z I S f " ^ P l a s m o d e s m a t a only partly transverse the cell-wall, 
cTe after J e t I i t " ° p l a s m o d e s m a t a connection between the megasporo^ 
cyte after metaphase I/megagametophyte and the surrounding nucellSs cells. 

3.3.2.12. Cell-wall 

nuc Ï Ï e ? t r p
g r P O r 0 8 e n e S i u -* e Cell-Wa11 is C O n s t a n t ly thickening. In the two-

?ema?ns Ï n T r ^ T T ^ ^ ° f ° '4-° '8 " m i s r e a c h e d a n d * * thickness 
grow h d u r i n g r p l a s m o d e s m a t a see™ to become closed off by cell-wall 
s Z u n i n T n L H l g a S P T g T 1 S ^ I n t h i S W a y t h e c d l **> isolated from the 
d After a r X T T n" **itS C ° n t a C t w i t h Plasmodeanata is concern-

Kmwiczn^To^ . ^ "«^^^ - ^nce - an i l i n e - b l u e method used by ROD-
resul ?^i(„ accord/noe°S* S " b s t a n c f a r e f°™d in the cell-wall of Lilium. This 

in accordance with the results of RODK.EWICZ for Lilium species. 
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3.3.2.13. Nucellus cell 
To obtain some information about the specificity for megasporogenesis of 

the gained ultrastructural features, also the development of a surrounding 
nucellus cell was studied. For this purpose a nucellus cell always positioned at 
the same place on the micropylar side has been observed. In this way also ultra-
structural features, due to the fixation methods could be recognized. 

In the nucellus cell no mitotic division has been found. The nucleus has the 
appearance of an interphase nucleus containing heterochromatin. Sometimes 
a nucleolus is visible. The nuclear envelope has pores during all stages of the 
MMC. Ribosomes are attached to the ER membranes and dispersed in the 
cytoplasm as monosomes. Polysomes are found only in the early stages up to 
pachytene. In all stages, except pachytene and the four-nucleate stage of the 
MMC rough endoplasmic reticulum is found in the nucellus cell. There is also 
some tubular smooth endoplasmic reticulum in the nucellus cell in nearly all 
stages of the MMC, but no accumulations are found. The dictyosomes show 
the common appearance with stacked cisternae. In some stages of the MMC, no 
vesicle production is found in the nucellus cell. Besides electron-translucent 
vacuoles, electron-dense vacuoles and multivesicular bodies are found. Also 
paramural bodies are present in small quantities between plasma membrane 
and cell-wall mostly along the long side walls. The plastids in the nucellus cell 
are well developed during all the stages of the MMC. Many thylakoid mem­
branes and plastoglobules are present while sometimes starch granules appear. 
In the four-nucleate stage after polarization of the MMC, the plastids of a 
nucellus cell show a strong electron-dense appearance just as the plastids in the 
MMC do at that stage. The mitochondria have numerous cristae. However, 
after four-nucleate stage of the MMC, the cristae are getting lost in the nucellus 
cell. Lipid bodies always are present in the same amount, which is very small 
compared with the amount of lipid bodies in the chalazal nucellus cell at 
pachytene-diplotene of the MMC. Sometimes clear vesicles are found to be 
attached to lipid bodies. Within the lipid body sometimes a vacuole is found. In 
the nucellus cell microtubules are only found, when the MMC is at metaphase 
II. Plasmodesmata are always extant in the short cross-walls mutual between 
the nucellus cells. Only at the archespore cell stage of the MMC, plasmodesmata 
are perceptible in the cell-wall between nucellus cell and AC. The nucellus cell-
wall slowly thickens during development of the MMC from 0,03-0,09 ßm in 
the AC stage till 0,06-0,11 /mi in the four-nucleate embryosac. During mega­
sporogenesis the nucellus epidermis remains intact. Sometimes one degenerated 
cell is found among the epidermal cells but the others retain their meriste-
matic character. 

Discussion 
It is obvious that the nucellus cells near the chalaza contain more lipid bodies 

than the nucellus cells on the micropylar side. This may be due to the position 
of the vascular bundle in the funiculus and the chalaza. It is likely that the 
nutrition of the megasporocyte takes place at the chalazal pole since in the 
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developing MMC a high amount of lipid bodies is found, also near the chalazal 
pole. 

Apart from microtubule formation in the nucellus cell, when the MMC is at 
metaphase II, and the appearance of the plastids when the MMC is at four-
nucleate stage, no details of the ultrastructural development of the nucellus 
cell can be correlated with established details of the ultrastructure development 
of the megasporocyte/megagametophyte. Each of them has its own specific 
development. 

3.4. FINAL DISCUSSION 

In addition to the short discussions concerning the various cell organelles 
presented in the individual chapters, this chapter contains a more conclusive 
discussion and a summary of the results. 

Because the Lilium MMC does not form walls after nuclear division, the 
cell organelles which normally are related to cell-plate formation : dictyosomes, 
ER, microtubules (HEPLER and NEWCOMB, 1967) are discussed in view of this 
fact. The few dictyosomes present within and near the spindle figure show a 
low activity since they produce few visicles. The ultrastructure of these dictyo­
somes in the MMC differs from the ultrastructure of the dictyosomes in 
nucellus cells. In the nucellus cells normal cell-plate formation takes place after 
nuclear division. In the MMC however, it seems that the dictyosomes have not 
the possibility to produce vesicles which are supposed to fuse with the phragmo-
plast, thus forming a cell-plate (HEPLER and NEWCOMB, 1967, HEPLER and 
JACKSON, 1968). Instead of vesicle producing dictyosomes, numerous concen­
tric complexes of endoplasmic reticulum cisternae are extant. 

According to the endomembrane concept as described by MORRÉ and 
MOLLENHAUER (1974) both dictysomes and ER form a continuous system of 
endomembranes in various stages of differentiation. We suppose that in nor­
mally dividing cells a formation of a large endomembrane system and a differ­
entiation of this system into many dictyosomes takes place. In the Lilium MMC 
his endomembrane formation may take place without subsequent differentia-
ion into functional organelles i.e. dictyosomes necessary for cell-plate forma­

tion (DE BOER-DE JEU, 1978). Endomembrane formation then should lead to an 
increase of the ER system. The numerous ER cisternae are concentrically 
stacked because m this arrangement they occupy minimal room 

However, commonly shaped dictyosomes are found in the MMC, but only 

a c c h . r T 8 f H"Wa11' W h e r e t h e y P f o d u c e v e s i c l e s «lied with poly-
bodtr t "'Tary fur f1-™11 g r ° W t h a n d Sickening. In the paramural 
k a ï ! ? Polysaccharid* contents are found. Their number is 
he cro s i r " 8 d e v d 0 p m e n t o f t h e MMC. In the eight-celled embryosac 

SunnosL t l t S e C m C vT S t u° f S i m Ü a r S t m c t u r e s a s t h e P l u r a l bodies. 
X 1 Ï e V e ; f

i n * e eight-nucleate embryosac not enough dictyosomes 
and vesicles derived from dictyosomes are extant to form common cell-plates, 
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the cross-walls may arise by a kind of a cleavage of the cell. By this cleavage 
cross-walls with an uncommon appearance, consisting of similar structures as 
paramural bodies, may occur. 

Based on the distribution of theplasmodesmata it is acceptable that the MMC 
is fed on the chalazal side of the cell, the side where the vascular bundle ends in 
the nucellus and stored reserve substances as lipids are present in the nucellus 
cells. Beside through plasmodesmata it is also possible that nutrients are dif­
fusing through the cell-wall, especially in the later developmental stages when 
no plasmodesmata are found anymore. However, it is also possible that in these 
stages the MMC has enough stored nutrients so that a transportation of nutri­
tion substances through the chalazal cell-wall is not necessary. This is in agree­
ment with the observation that after the disappearance of the plasmodesmata 
the amount of stored lipids gradually decreases. 

In the four-nucleate stage a polarization takes place by the movement of two 
nuclei to the chalazal pole, thus creating a cell with one nucleus at the micro-
pylar pole and three nuclei at the chalazal pole. There is no information to 
determine clearly, which type(s) of organelle(s) is (are) responsible for the 
movement of the nuclei to the chalazal pole. Neither microtubules nor micro­
filaments are found to be attached to the nuclei. No structural differences are 
found between the four nuclei either. During this polarization the MMC is 
getting longer, and its width is getting narrower. It is possible that this change 
of size is related to the movement of the nuclei. After polarization the distri­
bution of the ER lamellae has changed as well. Maybe the endoplasmic reti­
culum is involved in the movement of the nuclei. 

After the polarization in the four-nucleate cell, the first large clear vacuoles 
appear. These vacuoles seem to fuse together to form a central vacuole. This 
central vacuole maintains the polar distribution of the nuclei. During the further 
development of the cell a volume growth takes place during which the cytoplasm 
and the central vacuole grow synchronously. 

Already in the early developmental stages the polar distribution of the cell 
organelles indicates a polarity of the cell. The distribution of the parallel ar­
ranged LER cisternae show a difference between micropylar and chalazal side 
of the cell. The perinuclear- and the periferal zone in which most of the plastids, 
mitochondria and lipid bodies are found, are separated from each other by 
endoplasmic reticulum. After diplotene no difference in the ER distribution 
between the micropylar and chalazal side is found. The ER cisternae then are 
mostly situated in the centre of the cell. The clear zonal distribution of plastids, 
mitochondria and lipid bodies in the periferal- and perinuclear zones remains 
until the movement of the nuclei has taken place, when periferal- and perinu­
clear zones are fused together and all organelles are found near the nuclei. It 
seems that in Lilium the endoplasmic reticulum plays an important role m the 
polar distribution of the cell organelles indicating the presence of an early 
polarity of the cell. 
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4. M E G A S P O R O G E N E S I S A N D E A R L Y 
M E G A G A M E T O G E N E S I S IN ALLIUM CEFA L. 

4.1. INTRODUCTION 

The members of the genus Allium have the bisporic type of embryosac 
development. MAHESWARI (1950) described an inequal division of the mega-
spore mother-cell. The micropylar cell is much smaller and soon degenerates 
before the second meiotic division. After the second nuclear meiotic division 
the chalazal cell forms a two-nucleate cell, the functional megaspore. After two 
mitotic nuclear divisions the embryosac is formed. PORTER (1936) describes a 
similar development of megasporogenesis in Allium mutabile. According to 
RUTISHAUSER (1969) the MMC undergoes an equal division, forming a dyad 
with one nucleus per cell, followed by the second meiotic division of the nuclei, 
leading to a dyad with two nuclei per cell. Eventually the micropylar cell of the 
dyad degenerates. 

The megasporogenesis in Allium has not been studied before on electron-
microscopic level. From the microsporogenesis, the nucleolar ultrastructure 
during meiotic prophase of Allium cepa L. was studied by GIMÉNEZ-MARTIN 

and STOCKERT (1970) and by ESPONDA and GIMÉNEZ-MARTIN (1975). Nucleolar 
ultrastructure of Allium cepa during mitosis was described by CHOUINARD 

(1975) and by MORENO DIAZ DE LA ESPINA and RISUENO (1976). Also ultra-
structural changes of cell organelles concerned by cell-plate formation during 
mitosis of Allium sativum were described by HANZELY and VIGIL (1975). 

4.2. MATERIAL AND METHODS 

For light-microscopy the preparation of 3 /im thick sections was used (2.1.2.). 
For electron-microscopy the glutaraldehyde-osmiumtetroxyde fixation 

(2.2.1.) was applied, often in combination with the re-embedding technics. 
The glutaraldehyde-osmiumtetroxyde fixation was applied as follows: 

Ovules were dissected from the ovaries of the, in glasshouse or in the garden 
grown, Allium cepa L. plants and fixed for 1,5 hour in 5% glutaraldehyde in 
0,1 M phosphate buffer at pH 7,2. At the very young stages, whole ovaries or 
parts of ovaries were fixed. The fixed material was rinsed thoroughly in 0,1 M 
phosphate buffer containing 0,2 M saccharose. Postfixation occurred in 2% 
Os0 4 in 0,1 M phosphate buffer containing 0,2 M saccharose during 20 hours. 
Longitudinal sections of the epon-embedded ovules were poststained with 
leadcitrate (REYNOLDS, 1963). The orientation of the ovules for longitudinally 
sectioning was very difficult because of their rounded shapes. Moreover, the 
orientation of the ovules within the ovary strongly varies so that within one 
section of an ovary there is at most one longitudinally sectioned ovule. 
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4.3 RESULTS AND DISCUSSION 

4.3.1. Light-microscopy 
The ovaries of Allium cepa L. consist of three carpels. Each carpel contains 

two ovules which are emplanted at the edges of the carpels. 
The ovules are anatropous, bitegmic and tenuinucellate. The archespore cell 

(AC) originates directly from the archespore mother-cell (AMC) without 
division. In the early meiotic prophase short integuments are already present. 
At pachytene the integuments are fully grown round the megaspore mother-cell 
(MMC). The ovules in one ovary have about the same developmental stage. 
Anaphase- and telophase stages in Allium during which a cell-plate formation 
takes place, were never found during this investigation in spite of different 
fixation times, diurnal and nocturnal. 

Discussion 
The results of this study are in agreement with the scheme as suggested by 

MAHESWARI (1950). The dyad, formed after the first meiotic division, consists of 
two inequal cells. The micropylar dyad cell is much smaller and degenerates 
just before the second meiotic division. The chalazal dyad cell, in this thesis 
called the functional or viable (dyad) cell, stays at interkinesis during the degene­
ration of the micropylar dyad cell, in this thesis called the non-functional or 
abortive (dyad) cell, and enters the second meiotic division when only fragments 
of the degenerated cell are left. This second meiotic division gives rise to a two-
nucleate cell, in this thesis called the two-nucleate megaspore. Sometimes 
fragments of an additional cross-wall are found. Once also a part of a cross-
wall was found in the micropylar dyad cell. This suggests that sometimes the 
micropylar dyad cell starts dividing before degeneration, but this is probably 

an exception. 
The fact that during this study no ana- and telophases were found despite of 

various diurnal and nocturnal fixations may point to the fact that these stages 
occupy a very short time in the developmental range of megasporogenesis in 
Allium. 

4.3.2. Electron-microscopy 
In enclosure II a detailed survey is given of the most important morpho­

logical changes of the various cell organelles. In figure 16 a quantitative ap­
proach of the most important features is given in those stages which are compa­
rable with those in the other species. In enclosure IV B the distribution of the 
various cell organelles within the cytoplasm is given for the various develop­
mental stages. 

4.3.2.1. The nuc l eus 
Shape, size and position. The nucleus has a spherical shape in the early 

developmental stages. From zygotene on the nuclear surface shows undulations. 
In the dyad the common spherical shape is found again. 
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In the prophase stages the nucleus is always positioned near the micropylar 
side of the cell. 

Karyoplasm. Chromatin structure. In the AC the interphase nucleus has 
reticulate heterochromatin. At meiotic prophase the chromatin structure shows 
the common appearance as described by MOENS (1968). At pachytene the 
synaptinemal complexes are clearly visible and both lateral and central elements 
can easily be distinguished. At metaphase I the chromosomes are attached at 
their kinetochores (figures 17 and 18) to microtubules which are running to­
wards the polar regions of the spindle. Within the spindle small groups of 
ribosomes are perceptible (figure 18 arrow). Within the spindle figure no dictyo-
somes are present, while only very few dictyosome vesicles are found. No 
smooth endoplasmic reticulum is found within the spindle (figures 17 and 18). 
In the dyad stage the common condensed chromatin structure is extant again. 

Nucleolus. The nucleolus enlarges during meiotic prophase. In some stages 
the exact enlargement could not been established, since only fragments of the 
nucleolus were found per section. Therefore the black histograms from figure 16 
only indicate that a nucleolus can be observed in these stages. A clear differ­
entiation of the nucleolus in a pars granulosa and a pars fibrillosa is not found. 
In the nuclei of the dyad beside the normal nucleolus some smaller ones are 
found. Within the nucleolus sometimes few membrane-like structures are 
found. 

Membrane-like structures. In the AC a small multimembrane-like concentric 
structure resembling a myeline-like structure is found in the karyoplasm. At 
pachytene and diplotene electron-translucent vacuole-like structures with 
aggregated electron-dense material are found in the karyoplasm. These struc­
tures are surrounded by membrane-like structures. 

Nuclear envelope. The nuclear envelope has many pores during all develop­
mental stages. At pachytene and diplotene, beside common pores, a kind of 
sacculation of the inner nuclear membrane takes place, causing vesicle-like 
structures between the two membranes of the nuclear envelope (figures 19 and 
20). Within the sacculations material from the karyoplasm seems to be present. 
At the same time numerous connections are found between the nuclear envelope 

FIG. 16. Survey of the quantitative data of the most important features in Allium mega-
sporogenesis and early megagametogenesis. See 2.2.5. for the methods used for measuring and 
counting the various cell organelles. 
a) filled block represents 80 square fim 
b) filled block represents 500 ribosomes/0,6 square urn cytoplasm 
c) filled block represents 15 polysomes/0,6 square /mi cytoplasm 
d) filled block represents 7,5 dictyosomes/150 points cytoplasm 
e) filled block represents 50 points/150 points cytoplasm. 
f) filled block represents 50 mitochondria/150 points cytoplasm 
g) filled block represents 10 plastids/150 points cytoplasm 
h) filled block represents 0,5 /«n 
i) filled block represents 2500 points cytoplasm (± 8.000 x ) 
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FIG. 17. Complete megaspore mother-cell at metaphase I of Allium. The micropylar side is 
at the top side of the photo, x 4.400. The line represents 1 um. 
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FIG. 18. Detail of figure 17; the attachment site of the microtubules at the kinetochore of the 

chromosome. The arrow shows small groups of ribosomes in the spindle figure, x 25.000. 

The line represents 1 /an. 

and tubular smooth endoplasmic reticulum cisternae. However, continuity 
between the nuclear envelope and the smooth endoplasmic reticulum is found 
during all stages. In the four-nucleate embryosac rough endoplasmic reticulum 
is found to be continuous with the nuclear envelope. 

DlJustSas°"n Lilium, also in Allium the surface of the MMC nucleus shows un­
dulations during meiotic prophase. Some suggestions about their functions are 

ms1mnaJ"membrane-like structures as those found in the karyoplasm at.the 
meiotic prophase of the Allium MMC are described ^^ZTVZfaf 
nuclei of microsporocytes of tomato, by W.LLEMSE (1971a) for the nuclei of 
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FIG. 19. Detail of the nucleus and the cytoplasm in the MMC at diplotene.Note the saccula­
tion structures of the inner nuclear membrane (SS) between the two membranes of the nuclear 
envelope, x 25.000. The line represents 1 tun. 

Pinus microsporocytes and tapetal cells and by JALOUZOT ( 1973) for the nucleus 
of the megasporocyte of Oenothera lamarckiana. All these structures are found 
during the prophase stages of meiosis. WILLEMSE determines the exact stage in 
which he found them as zygotene. CIOBANU describes a phospholipidic cha­
racter of these structures and he suggests that the structures have originated 
from hydratation products of phospholipids, which are caused by a change of 
the metabolic equilibrium of the nucleus during prophase. WILLEMSE states that 
these structures are maybe caused by a change of the molecular charge due to 
contraction of the chromatin. Thereafter a demixture and separation between 
karyoplasm and chromatin takes place. In the region of this demixture there 
could be a re-orientation of molecules according to their charge. For a moment 
thin films could be formed locally which are visible as membrane-like structures. 
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FIG. 20. Detail of the sacculation structures of the inner nuclear membrane between the two 
membranes of the nuclear envelope, x 108.000. The line represents 0,1 pm. 

Meded. Landbouwhogeschool Wageningen 78-16(1978) 



The whole process may be analogous to the formation of coacervate droplets'. 
In Allium the membrane-like structures are found in the AC and in the MMC 

at pachytene and diplotene. In the latter stages a contraction of the chromatin 
takes place in preparation of the condensed phase of the chromosomes at meta-
phase I. So the hypothesis of WILLEMSE may be applicable for Allium too. 
In Allium an abundant sacculation of the inner nuclear membrane is found at 
many sites of the nuclear envelope. As we already discussed for Lilium (3.3.2.1.), 
a specific function for these structures is not evident. There is always found a 
continuity of the karyoplasm and the sacculation, whereas a continuity of the 
sacculation contents and the cytoplasm was not observed. In 6.2.2.2. we shall 
revert to this subject. 

4.3.2.2. Microtubules 
The first microtubules appear at diplotene in the perinuclear zone. They are 

found near the nuclear envelope and near the tubular smooth endoplasmic 
reticulum (TSER) cisternae which are continuous with the outer nuclear enve­
lope. Within the spindle figure many spindle microtubules with a rough surface 
are perceptible, attached to the chromosomes at their kinetochores. In the 
viable dyad cell sometimes a cell-plate is partly formed during ana-telophase. 
Small electron-dense vesicles string together within the phragmoplast, in which 
a lot of microtubules are running perpendicularly to the equatorial plane. 

4.3.2.3. Cytoplasmic ribosomes 
At premeiotic interphase, ribosomes are found as monosomes, as polysomes 

free and attached to ER cisternae. During meiotic prophase the number of 
ribosomes attached diminishes. At metaphase I groups of monosomes are 
found in the spindle figure. After this stage the groups of monosomes have dis­
appeared. 

In all stages polysomes are extant, except in the viable (dyad) cell and this 
cell at telophase II. The number of polysomes per cytoplasmic area decreases 
after the AC stages. At diplotene a small increase of the number is found, and 
in the two-nucleate megaspore a higher amount is reached than that of the 
polysomes per cytoplasmic area, found in the AC. From two-nucleate mega­
spore till four-nucleate embryosac the increase of the number of polysomes 
does not keep up with the cytoplasmic growth of the cell. 

The number of ribosomes per cytoplasmic area inclusive of those attached 
to membranes and those organized as polysomes, decreases during meiotic 
prophase. The minimal number of ribosomes per cytoplasmic area is reached 
at pachytene. At diplotene and metaphase I a small increase of the ribosome 
number is found. In contrast to the number of polysomes, the increase of the 
total number of ribosomes per cytoplasmic area does keep up with the cyto­
plasmic growth of the cell during early megagametogenesis. In the degenerating 
micropylar cell of the dyad the number of ribosomes per cytoplasmic area is 
much higher than their number in the chalazal viable cell. Ribosomes, mostly 
attached to ER membranes, are perceptible around lipid granules and vacuoles 
(figure 25). 
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Discussion 
The small increase of the ribosome population at metaphase I is due to the 

groups of ribosomes found in the spindle figure at this stage. These groups of 
ribosomes, which are presumably originated from the disintegrated nucleolus, 
will fall apart, thus giving rise to a ribosome population flow, as described by 
WILLEMSE and LINSKENS (1968) during meiotic metaphase I of Pinus silvestris 
microsporogenesis. 

The large number of ribosomes in the degenerating dyad cell present as 
monosomes, polysomes free and attached to ER cisternae, presumably has a 
task in the degeneration of the cytoplasm. They possibly synthesize proteins, 
which are involved in the enzymic digestion of cytoplasmic material or in the 
re-utilization of digested cytoplasmic material. 

4.3.2.4. E n d o p l a s m i c r e t i cu lum (ER) 
In the AC and in the MMC at leptotene and zygotene lamellar rough endo­

plasmic reticulum (RER) is perceptible. The number of ribosomes attached 
diminishes during meiotic prophase. A transition from RER to SER takes pla­
ce. From the dyad stage on, the RER cisternae are found again except at 
telophase II. The number of ribosomes attached is increasing in these stages 
and in the four-nucleate embryosac a network of rough endoplasmic reticulum 
is perceptible, which is also continuous with the outer membrane of the nuclear 
envelope. 

In the AC and in the MMC at zygotene a small amount of tubular, smooth 
endoplasmic reticulum (TSER) can be observed. During the prophase stages 
after zygotene the number of TSER increases very rapidly till an estimated 
maximum at diplotene when the cisternae are found in large quantities in the 
perinuclear zone (figure 19). 

The distribution of the ER cisternae within the cell during megasporogenesis 
does not conspicuously vary in the developmental stages. The ER cisternae are 
mostly present in the zone round the nucleus. At metaphase I TSER cisternae 
are extant at the poles of the spindle figure. When the two-nucleate megaspore 
is formed the degenerating micropylar cell still has rough endoplasmic reti­
culum cisternae mostly round lipid bodies and vacuoles. 

Discussion 
In 6.2.2.2. a possible relation is discussed between the occurrence of numerous 

TSER cisternae in the perinuclear zone at diplotene, their continuity with the 
outer nuclear membrane, the occurrence of sacculation of the inner nuclear 
membrane and the appearance of microtubules. In 4.3.2.13 a possible function 
of the rough endoplasmic reticulum cisternae in the degeneration process of the 
micropylar dyad cell will be discussed. 

4.3.2.5. D i c t y o s o m e s 
In the dictyosomes about 5-7 cisternae are stacked during all the develop­

mental stages except at zygotene and at diplotene. At zygotene the dictyosomes 
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have 4-5 small cisternae. At diplotene the dictyosomes enlarge and have more 
than 7 cisternae. At metaphase the dictyosomes are still enlarging and they 
seem to string together (figure 21). In the chalazal dyad cell very small dictyo­
somes are found, whereas large dictyosomes are extant in a relatively large 
amount in the degenerating micropylar cell. After the dyad stage the size and 
shape of the dictyosomes return to the original appearance found in the early 
developmental stages. 

The vesicles produced by the dictyosomes are varying in number and shape. 
At diplotene a high production of vesicles takes place and at metaphase I the 
vesicles produced are very large and contain fibrillar electron-dense material 
(figure 21, arrow). In the other stages the vesicles produced by the dictyosomes 
are small and have electron-transparent or electron-dense contents. 

The number of dictyosomes per cytoplasmic area decreases during zygotene 
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FIG. 21. Dictyosomes in the MMC at metaphase I. The dictyosomes seem to string together, 
while they produce very large vesicles containing fibrillar electron-dense material (arrow), 
x 70.000. The line represents 0,5 /mi. 
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and pachytene and increases after this stage. At diplotene the number of dictyo-
somes per cytoplasmic area reaches its maximum and after this stage the 
quantity diminishes again. The number of vesicles produced by the dictyosomes 
reaches its maximum at diplotene and metaphase I. 

The localization of the dictyosomes changes during the developmental 
stages. In the AC and in the early prophase stages the dictyosomes are distri­
buted at random in the cytoplasm. At diplotene an accumulation of dictyo­
somes appears on both polar sides of the nucleus. More dictyosomes are found 
on the chalazal side of the cell than on the micropylar side. At metaphase I the 
dictyosomes are notably found near the polar regions of the spindle. In the dyad 
the dictyosomes are extant in the perinuclear zone of the micropylar cell and 
on both polar sides of the chalazal nucleus. After the degeneration of the micro­
pylar cell no changes in this localization of the dictyosomes in the chalazal cell 
occur. At telophase II the dictyosomes appear on both sides of the nuclei, 
situated in the direction of the future spindle axis. In the two-nucleate megaspore 
the dictyosomes are situated between the two nuclei and on the micropylar 
and the chalazal sides of the cell. In the four-nucleate embryosac the dictyo­
somes are distributed at random in the cytoplasm. 

Discussion 
As it was suggested by WHALEY et al. (1966) and by FRASER (1975) vesicles 

derived from dictyosomes are fusing in the phragmoplast during cell-plate 
formation. This indicates that a large number of vesicles, produced by the 
dictyosomes must be available at the stage in which the cell-plate formation 
takes place. 

The large number of dictyosomes per cytoplasmic area found at diplotene, 
the large size and the typical ultrastructure of the dictyosomes at diplotene and 
metaphase I and the accumulation of the dictyosomes in the polar regions of 
the spindle figure, all apparently are related to the production of vesicles 
necessary for the future cell-plate. 

The localization of the dictyosomes on both polar sides of the nucleus before 
spindle formation takes place at diplotene and in the dyad may indicate a 
possible relation between the dictyosomes and the future spindle poles. Maybe 
dictyosomes have a function in the formation or are involved in the activity of 
the microtubular organization centres, presuming that these centres are present 
in all species (PICKETT-HEAPS, 1970). Probably the accumulated dictyosomes 
may be part of this organization centre. 

The presence of a relatively large number of dictyosomes in the micropylar 
dyad cell is probably related to the degeneration process of this cell. These 
dictyosomes may have a function in the production of digestive enzymes, 
necessary for the demolition of the cell organelles. 

4.3.2.6. Vesicle- and vacuolar system 
In all developmental stages electron-dense and electron-transparent vacuoles 

are found. In the AC and in the early meiotic prophase stages few electron-
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dense vacuoles are perceptible, sometimes showing an erratic appearance. 
Similar electron-dense structures are perceptible in the two-nucleate megaspore 
(figure 24, 4.3.2.12.). 

Electron-translucent vacuoles are found in small amounts in the early 
developmental stages. At metaphase I, however, more vacuoles appear. Their 
number and size increase during further development. In the four-nucleate 
embryosac a central vacuole is found. Close to this central vacuole some small 
electron-transparent vacuoles are perceptible. Evidence for a probable fusion 
of these small vacuoles with the central vacuole is not found. 

The electron-dense vesicles and the electron-translucent vacuoles are distri­
buted at random in the cytoplasm. 

4.3.2.7. Plasma membrane 
At zygotene and pachytene a small amount of electron-dense granular 

material is found between the plasma membrane and the cell-wall. This 
electron-dense granular material seems to be similar to the material found in 
the paramural bodies, present in the early developmental stages of Lilium. In 
Allium, on the other hand, the paramural bodies have disappeared after pachy­
tene. 

4.3.2.8. Mitochondria 
In the AC, in meiotic prophase, in metaphase I and in the chalazal dyad cell 

the mitochondria have a spherical shape, in which very few cristae are observed. 
In the chalazal dyad cell also transformations of mitochondria showing a 
largely elongated shape, are found (figure 22, arrow). In the viable (dyad) cell 
at telophase II the same type of mitochondria are found. Cristae appear in the 
mitochondria from the functional cell on. 

The number of mitochondria per cytoplasmic area increases during the 
meiotic prophase stages till a maximum is reached at diplotene. At metaphase I 
the number has strongly diminished and in the further stages the quantity of 
the mitochondria per cytoplasmic area fluctuates. 

The distribution of the mitochondria in the cytoplasm during the develop­
ment of the MMC does not vary. In all stages the mitochondria are distributed 
at random. The mitochondrial transformations are found on both polar sides 
of the nucleus in the functional megaspore and on one side of the nucleus in the 
viable (dyad) cell at telophase II. 

Discussion 
The low number of cristae in the mitochondria during premeiotic interphase 

and meiotic prophase may be related to a low metabolic state of the cell at these 
stages, presuming that we may relate the number of cristae within the mito­
chondria to the metabolic activity of these mitochondria as HACKENBROCK 

(1966) and DAMSKY (1976) suggest. An increase of the number of mitochondria 
per cytoplasmic area may then be related to an increase of the metabolic state of 
the cell. In chapter 6.2.2.9 we shall revert to this subject. 
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FIG. 22. Transformations of mitochondria showing a largely elongated shape in the chalazal 
dyad cell (arrows), x 23.500.The line represents 1 /mi. 
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SPORNITZ (1973) and RIEHL (1977) described the same type of mitochondria 
transformations in the early meiotic oocyte stage respectively of Xenopus laevis 
and of Noemacheilus barbatulus L. SPORNITZ supposed that the transformations 
of the mitochondria are artefacts, caused by his using a dirty glutaraldehyde 
solution. RIEHL supposed that this type of mitochondria may originate from 
elongated dumb-bell-shaped mitochondria which have a tendency to curl, thus 
enclosing parts of the cytoplasm. At the same time mitochondrial membranes 
are synthesized, so that a concentric type of lamellar mitochondria is formed. 
In this theory he excluded the occurrence of artefacts. 

In our material the mitochondrial transformations are found in only two 
different stages, while we used the same glutaraldehyde solution for fixation of 
all stages they probably are no artefacts. Since we found no dumb-bell shapes it 
is likely that their way of developing differs from the way supposed by RIEHL. 

4.3.2.9. P l a s t id s 
During the development of the megasporocyte and megagametophyte the 

plastids show fluctuations in their ultrastructure. In the AC the plastids have 
an electron-gray matrix with small thylakoids. In this stage the plastids contain 
plastoglobules. In the later stages an electron-dense appearance with small 
dilated thylakoids alternates with an electron-gray appearance with small non-
dilated thylakoids. The thylakoids mostly have an electron-transparent lumen. 
In the two-nucleate megaspore and the four-nucleate embryosac the plastids 
show their original appearance of the AC stage. In the megaspore at telophase II 
most of the plastids have cytoplasmic inclusions. 

The number of plastids per cytoplasmic area decreases from the AC till meta-
phase I, in which a minimal number of the'plastids is found. After metaphase I 
the quantity of the plastids per cytoplasmic area increases till telophase II and 
it decreases after this stage. 

The distribution of the plastids during megasporogenesis changes in the 
various developmental stages. In the AC the plastids are found equally distri­
buted in the cytoplasm. At leptotene and zygotene the plastids are found on the 
chalazal side of the cell. At pachytene the plastids are equally distributed around 
the nucleus again. At diplotene and metaphase I most of the plastids are found 
on the chalazal side of the cell. Also in the dyad and in the later developmental 
stages plastids are found chiefly on the chalazal side. 

Discussion 
The distribution of the plastids during meiotic prophase show a tendency to 

a localization near the chalazal side of the cell. A polar localization of the 
plastids was also found by RODKIEWICZ and BEDNARA (1974) in Epilobium 
megasporogenesis, where the functional megaspore is found at the micropylar 
pole. In this species the plastids tend to be localized on the micropylar side of 
the cell during meiotic prophase. These authors supposed that the plastids will 
accumulate at that pole where the functional spore will be formed, to be sure 
that the plastids will be present in this cell. RODKIEWICZ and BEDNARA (1974) 
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found a kind of transport of the plastids from the side on which the non­
functional megaspore will arise to the side on which the functional megaspore 
will appear. In chapter 6.3.2.3 this subject will be treated in more detail. 

4.3.2.10. Lipid bodies 
During the developmental stages the lipid bodies show an electron-dense 

droplet shape. In the viable dyad cell aggregations of lipid bodies occur on the 
micropylar side when the micropylar dyad cell is degenerating. In the four-
nucleate embryosac no lipid bodies are found. 

The estimated number of lipid bodies per cytoplasmic area remains about 
constant during all developmental stages of megasporogenesis except in the 
functional dyad cell, when the non-functional dyad cell is degenerating. In this 
functional dyad cell a higher number of lipid bodies per cytoplasmic area is 
found. 

The lipid bodies seem to be localized at random during the developmental 
stages of the AC/MMC and of the megagametophyte, except in the functional 
dyad cell. In this stage an accumulation of lipid bodies is found on the micro­
pylar side of the cell. 

Discussion 
The presence of an accumulation of lipid bodies on the micropylar side of the 

functional megaspore may indicate an accumulation of reserve food-material, 
originating from the degenerating micropylar cell. These food reserves may be 
used for the growth and the development of the functional dyad cell, since they 
have disappeared in the four-nucleate embryosac. In 4.3.2.13 when discussing 
the degeneration of the non-functional dyad cell, we shall revert to this subject. 

4.3.2.11. Plasmodesmata 
The plasmodesmata are found in the entire cell-wall of the AC. In the later 

stages plasmodesmata are occasionally found only in the chalazal part of the 
cell-wall. 

4.3.2.12. Cell-wall 
The cell-wall of the MMC thickens during the developmental stages, especial­

ly on the micropylar side. At metaphase I a thinner cell-wall is found. 
In the functional (dyad) cell the cross-wall between the functional dyad cell 

and the degenerating dyad cell shows black dots and electron-dense granular 
material whereas the surrounding cell-wall has a common electron-gray 
appearance (figure 25). 

In the four-nucleate embryosac the plasma membrane on the long side of the 
cell-wall shows invaginations and evaginations while the thickness of the cell-
wall varies (figure 23). 

In the functional (dyad) cell at telophase II a tendency to form a cell-plate 
within the phragmoplast is found. This early stage of cell-plate formation shows 
small electron-dense and electron-transparent vesicles which are mixed with the 
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FIG. 23. Cell-wall at the long side of the surrounding cell-wall in the four-nucleate embryo-
sac. Note the deep invaginations and evaginations of the plasma membrane and the varying 
thickness of the cell-wall, x 24.000. The line represents 1 /mi. 

microtubules in the phragmoplast. In the two-nucleate megaspore sometimes 
a partially formed cross-wall is found between the two-nuclei (figure 24). This 
transverse-wall has an irregular appearance with a varying thickness. Some­
times black dots are found within this cross-wall. This ephemeral cross-wall in 
the two-nucleate megaspore soon disintegrates. 

Discussion 
At metaphase I the cell-wall in Allium is getting thinner. This phenomenon 

may be due to the disintegration of possible callosic components within the 
surrounding cell-wall. RODKIEWICZ (1970) found a faint fluorescence of the 
surrounding cell-wall in megaspore mother-cells of Allium cepa L., which may 
indicate a presence of callosic components in the cell-wall. 
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FIG. 24. Ephemeral cross-wall in the two-nucleate megaspore, x 25.000. The line represents 
1 urn. 

In our material no evidence for callosic components in the cell-wall is found. 
Maybe this temporary getting thinner of the cell-wall is due to the enormous 
growth of the cell, during which the growth of the cell-wall can not keep up 
with the growth of the cytoplasmic volume. 

The presence of black dots within the transverse-wall of the dyad, when the 
micropylar dyad cell is degenerating and in the ephemeral transverse-wall of 
the two-nucleate megaspore, may indicate the occurrence of two possible 
processes here. These materials may be remnants of the cell-wall formation. It 
is also possible that at those sides of the cell-wall, in winch a disintegrating 
process takes place, these black dots appear. In the transverse-wall of the two-
nucleate megaspore also a demolition process takes place, as after this stage the 
transverse-wall has disappeared. A possibility for the presence of electron-
dense granular material in the transverse-wall of the dyad, when the m.cropylar 
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cell is degenerating, is that a transport of material takes place through the 
transverse-wall from the degenerating micropylar cell to the functional chalazal 
cell or vice versa. As no plasmodesmata are found in the transverse-wall, a 
transport of material has to take place through the cell-wall. The surrounding 
cell-wall does not show such peculiar features as the electron-dense granular 
material, so that a transport of material only seems to take place through the 
cell-wall between the micropylar and the chalazal cell of the dyad. It is possible 
that this is a transport of demolition material from the degenerating micropylar 
cell to benefit the chalazal cell. It is also possible that a transport of digestive 
enzymes takes place from the chalazal cell to the micropylar cell, necessary for 
the demolition of the cell organelles in the latter cell. In 4.3.2.13 we shall revert 
to this subject. 

The irregular plasma membrane evaginations and invaginations within the 
cell-wall of the four-nucleate embryosac, while the thickness of the cell-wall 
strongly varies, are similar to those found in transfer-cells (SCHNEPF and PROSS, 
1976). In the four-nucleate embryosac the irregular plasma membrane evagina­
tions and invaginations may have the same function as those found in transfer-
cells for the transport of material through the cell-wall. In 4.4 we shall revert 
to this subject. 

The formation of an ephemeral cell-wall in the two-nucleate megaspore of a 
bisporic type of embryosac development is also found by GOVINDAPPA (1955) 
in Xyrispauciflora Willd. This cell-wall formation may indicate that the bisporic 
type is related to the monosporic type. Maybe the bisporic type is derived from 
the monosporic type or vice versa. 

4.3.2.13. Degeneration of the micropylar dyad cell 
Figure 25 shows the degenerating micropylar dyad cell, when the functional 

chalazal cell has become two-nucleate megaspore. In this photo the nucleus has 
two nucleoli, localized opposite to each other. Within the cytoplasm numerous 
ribosomes, both as monosomes and as polysomes free and attached to the 
endoplasmic reticulum membranes, are perceptible. This rough endoplasmic 
reticulum is mostly found round the lipid bodies and sometimes round electron-
transparent vacuoles (arrows). The presence of large dictyosomes and a large 
number of lipid bodies is obvious. The electron-transparent vacuoles sometimes 
contain electron-dense material. The cell-wall between the micropylar cell and 
the chalazal cell contains black dots and electron-dense granular material. 

Discussion 
In several paragraphs of chapter 4 some features of the cell organelles men­

tioned above were already discussed in connection with the degeneration of the 
micropylar cell. The suggestion made in those paragraphs will be recapitulated 
below. 

The presence of two nucleoli within the karyoplasm of the nucleus may 
indicate the diploid nature of the nucleus and its tendency to divide. This 
division has to be the second meiotic division, which, however, is disturbed by 
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FIG. 25. The degenerating micropylar dyad cell, when the chalazal dyad cell has become 
two-nucleate megaspore The arrows show rough endoplasmic reticulum cisternae round 
lipid bodies and electron-transparent vacuoles. Note the black dots and electron-dense 
granular material in the cell-wall between the micropylar and the chalazal cell, x 15.000. 
The line represents 1 /an. 



the degeneration of the cytoplasm. In one micropylar cell a partially formed 
cross-wall is found, indicating in this case that the second meiotic division has 
been substantially progressed to a later developmental stage before the degene­
ration of the cell started. The temporary formation of a partial cross-wall after 
the second meiotic division is also found in the two-nucleate megaspore. 

The presence of a number of ribosomes, especially as polysomes and as 
ribosomes attached to ER membranes may indicate a high production of pro­
teins, probably for the synthesis of necessary enzymes. The RER membranes 
round the lipid bodies and round other cell organelles may have a function in the 
enzyme-synthesis as well. Probably this enzyme-synthesis is necessary for the 
conversion of lipoproteins into lipidic components. The amount of lipid bodies 
increases during the degeneration process of the cytoplasmic organelles, serving 
as a storage of useful reserves. 

The presence of large dictyosomes in a relatively large number per cyto­
plasmic area may indicate a function for these organelles in the demolition 
process. These organelles may have a function in the synthesis and/or the 
transport of digestive enzymes. This transport takes place to the sites of diges­
tion. 

The electron-transparent vacuoles are similar to the autophagic vacuoles 
found at the end of the lytic process in endosperm cells by CRESTI et al. (1972). 
These vacuoles seem to have a function in the degeneration process as they 
contain digestive enzymes. 

The presence of electron-dense material in the cell-wall between the micro­
pylar- and the chalazal cell may indicate a transport of material through this 
cell-wall (4.3.2.12.). This transport can take place from the micropylar to the 
chalazal cell or vice versa. A transport of material from the chalazal cell to the 
micropylar cell may signify a transport of digestive enzymes necessary for the 
demolition of the micropylar cell. However, since in the micropylar cell enough 
cell organelles seem to be present for the synthesis of digestive enzymes, a 
transport of material from the micropylar cell to the chalazal cell seems to be 
more likely. This may signify a transport of useful material to the chalazal cell 
in order to benefit the growth and development of this cell. 

SHELDRAKE (1974) supposed that the functional cell must get rid of its 
deleterious products and thus induces the degeneration process of the micro­
pylar cell, in which these deleterious products would be accumulated. In our 
material no evidence for this theory is found, as before the start of the degene­
ration process the number of lipid bodies (the presumed deleterious demolition 
products) in the micropylar cell was not excessively high. In the two-nucleate 
megaspore, on the other hand, lipid bodies are localized near the micropylar 
side of the cell, thus supporting the theory previously mentioned, that lipidic 
amounts are transported from the degenerating micropylar cell to the chalazal 
cell in order to benefit this latter cell. 
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4.3.2.14. Nucellus cell 
Just as with Lilium, also with Allium the development of one cell of the sur­

rounding nucellus was studied. For this purpose always the nucellus cell situated 
at the same place on the micropylar side of the megasporocyte or of the mega-
gametophyte was observed. 

During megasporogenesis the nucellus cells round the megasporocyte 
remain intact. At the micropylar pole the cell-walls of these cells are thickening 
as much that in the four-nucleate embryosac very little cytoplasm of these 
nucellus cells is visible, whereas a thick cell-wall layer is extant. The cytoplasm 
of the cells remains intact ; no degeneration process is found. The nucellus cells 
do not have central vacuoles. Except in the very young developmental stages of 
megasporogenesis, no mitotic divisions are found in the nucellus epidermis cells. 
The cells are elongating to keep up with the growth of the megasporocyte. 

The nucleus of the nucellus cell observed has an elongated shape. The con­
densed parts of chromatin show a reticulate character. The nuclear envelope 
has pores during all the developmental stages of the megasporocyte and the 
megagametophyte. Microtubules are found in the nucellus cell, when the MMC 
is at zygotene. In the dyad stage, they are always present in the periferal zone. 
Cytoplasmic ribosomes are found as monosomes and as polysomes, both free 
or attached to the ER membranes. Polysomes are only found in the nucellus 
cell, when the MMC is at diplotene and in the dyad stage and when the two-
nucleate megaspore is formed. Rough endoplasmic reticulum is found in the 
nucellus cell in all stages of the megasporocyte. At diplotene and metaphase I 
tubular smooth endoplasmic reticulum is found in the nucellus cell. Dictyo-
somes are found in the nucellus cell in nearly all the developmental stages of the 
megasporocyte and of the megagametophyte. At the diplotene stage of the 
MMC the number of dictyosomes in the nucellus cell is apparently larger than 
in the other stages of the MMC. In some stages of the MMC no vesicle produc­
tion of the dictyosomes is found in the nucellus cell. Electron-transparent 
vacuoles are occasionally found in the nucellus cell, whereas sometimes the 
vacuoles have electron-dense contents. Only when the archespore cell is 
present, some electron-dense material is found between the plasma membrane 
and the cell-wall of the nucellus cell. The plastids in the nucellus cell show 
thylakoids and in some stages after pachytene of the MMC few starch grams 
are found in the plastids. The mitochondria are spherical-shaped and contain 
a large number of cristae in the nucellus cell in all the developmental stages of 
the MMC, except in the AC and at leptotene. In the latter stages very few cristae 
are found in the mitochondria of the nucellus cell. Lipid bodies are found in the 
nucellus cell after the pachytene stage of the MMC. In the AC and in the 
prophase stages of the MMC a number of plasmodesmata are found especial y 
in the cross-walls between the nucellus cells. Only in the AC Plasmodesmat^ ar 
found in the cell-wall between the AC and the nucellus cells The cell-wall of he 

7, , . , 1 „~ that * thick cell-wall layer exists on the 
nucellus cell th ckens enormously so that a tnicK ceu w«ui y 
micropylar side of the MMC. On the chalazal side a thinner cell-wall is per­

ceptible. 
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Discussion 
From these results we may conclude that only a small correlation exists 

between the ultrastructural development of the nucellus cell and the charac­
teristics of the ultrastructural development of the megasporocyte mentioned 
previously. The presence of tubular smooth ER in the nucellus cell when the 
MMC is at diplotene and at metaphase I, and the higher number of dictyo-
somes in the nucellus cell when the MMC is at diplotene, may point to the small 
correlation mentioned above. Apart from these exceptions the nucellus cell and 
the megasporocyte show their own specific development. 

The presence of plasmodesmata only on the chalazal side between MMC and 
nucellus may indicate a transport of nutrients from this side of the nucellus to 
the developing MMC. This nutrition-supply, coming from the chalazal side of 
the nucellus cell, originates from the vascular bundle which ends at that part 
of the ovule. 

The continuous thickening of the cell-wall of the surrounding nucellus cells 
on the micropylar side induces us to suppose that this tissue serves as a solidity 
tissue to protect the developing MMC and the developing embryosac. 

4.4. DISCUSSION 

In this thesis we call the chalazal dyad cell the functional or viable cell, when 
the micropylar cell starts degenerating. This micropylar dyad cell is then called 
the non-functional or abortive cell. After degeneration of the micropylar dyad 
cell the chalazal dyad cell starts the second nuclear meiotic division, giving rise 
to a two-nucleate cell. This cell is called in our study the two-nucleate mega-
spore. After the first and the second mitotic nuclear division respectively the 
four-nucleate and the eight-celled embryosac will be formed. MAHESWARI 

(1950) and RUTISHAUSER (1969) both called this two-nucleate megaspore the 
'functional' megaspore. In our opinion they ment with their term 'functional' 
either the cell which enters the megagametogenesis, which is also expressed in 
the term 'megaspore', or the fact that the other non-functional megaspore 
degenerates. In the last case we prefer to use the term 'functional' for the 
chalazal dyad cell, when the micropylar dyad cell degenerates, as this degenera­
tion takes place before the second meiotic division. In our opinion the second 
meiotic division will be regarded to belong to the process of megasporogenesis 
as well, leading to the formation of the two-nucleate megaspore. We prefer to 
use the term 'two-nucleate megaspore' instead of 'functional megaspore', to 
show that the actual degeneration of the non-functional cell, as a result of which 
the other cell gets functional, already takes place, before the second meiotic 
division in the bisporic types of development we studied. 

During megasporogenesis in Allium cepa L. there seems to be a relation 
between some cell organelle changes. The presence of the nuclear pores, the 
undulations of the nuclear envelope and the sacculations of the inner nuclear 
membrane may indicate an information flow between the nucleus and the cyto-
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plasm necessary for the specific development of some organelles in the corres­
ponding stages of the MMC as it is suggested in 3.3.2.1. In paragraph 6.2.2.2 
these structures of the nuclear envelope are discussed extensively in relation to 
a possible function in the nucleo-cytoplasmic exchange of material. 

The ultrastructural changes of the dictyosomes at diplotene and at metaphase 
I of the MMC are considered to be typical for their function in the cell-plate 
formation. During these typical changes the dictyosomes are getting longer 
while they seem to string together producing numerous electron-dense and 
electron-transparent vesicles. The appearance of these changes may be influ­
enced by a flow of information during the intensive nucleo-cytoplasmic ex­
change of material at pachytene and diplotene. At the same time tubular smooth 
ER occurs when microtubules appear in the perinuclear zone. WHALEY et al. 
(1966) suggested that smooth ER may produce tubulin proteins necessary for 
the synthesis of microtubules. In our material this may occur in the perinuclear 
zone. Summarizing: the extensive nucleo-cytoplasmic exchange of material, 
indicated by the structural features at the nuclear envelope, is followed by 
typical changes of the ultrastructure of dictyosomes and of their vesicle pro­
duction, by a sudden increase of the amount of smooth endoplasmic reticulum 
and by the appearance of numerous microtubules in the perinuclear zone. 

Within the developing megasporocyte and megagametophyte very few lipid 
bodies are found that could serve as storage sites for reserves. No storage of 
starch is found within the plastids. Plasmodesmata are only found in the chalazal 
cell-wall of the developing cell, whereas they are not perceptible in each 
developmental stage of the cell. The mitochondria contain very few cristae 
during meiotic prophase, which may indicate that their metabolic activity 
seems to be low. All these results suggest that the development of the mega­
sporocyte and of the megagametophyte is dependent on a nutrition-supply 
coming from the chalazal nucellus cells through the plasmodesmata. This 
nutrition-supply is sufficient for the growth and development of the cell, as no 
storage of reserves takes place. 

An unequal cell division results from the position of the nucleus during the 
cell division and the position of the newly formed cell-wall. In Allium the nu­
cleus show a tendency to be localized near the micropylar side of the MMC 
during meiotic prophase. By this position of the nucleus a possible condition 
for an unequal division is created. 

A polar distribution of cell organelles during the division causes, that the by 
unequal division formed cells contain a specific cell organelle population. Some 
aspects of these organelle populations seem to be related to the subsequent 
development and function of the two cells. In Allium a polar distribution of the 
plastids is found during meiotic prophase by means of their tendency to be 
localized near the chalazal side of the MMC. The presence of nearly all plastids 
on the chalazal side may be related to their necessary presence in the future 
functional chalazal cell, which develops into the embryosac. By this distribution 
the plastids are preserved for the future embryosac and protected for demoli­
tion. 
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The presence of a considerable number of dictyosomes and ER cisternae in 
the micropylar dyad cell may be related to the degeneration process in this cell. 
We may even speculate that the composition of the cell organelle population 
determines the future development of the cell e.g. the degeneration of the 
micropylar dyad cell. 

In the two-nucleate megaspore the growth in volume of the cell takes place 
in relation to the growth of the cytoplasm and the increasing vacuolisation of 
the cell. In the four-nucleate embryosac a central vacuole appears probably by 
the fusion of the small electron-transparent vacuoles. Owing to the presence of 
this central vacuole the four nuclei are pressed in twos into both polar sides of 
the cell. 

CO 
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5. M E G A S P O R O G E N E S I S A N D EARLY 
M E G A G A M E T O G E N E S I S IN IMPATIENS WALLERIANA 

HOOK F. 

5.1. INTRODUCTION 

DAHLGREN (1934) and STEFFEN (1951) concluded from cytological studies 
that the embryosac development of Impatiens species was of the Polygonum 
type. By light-microscopic studies the authors had proved the presence of a 
dyad and of a tetrad in which one functional megaspore was visible, together 
with three degenerated cells laying in a cap at the micropylar pole of the ovule. 
In this paper the results of an electron-microscopic study are offered in order 
to gain more detailed information of the process of megasporogenesis in 
Impatiens. 

5.2. MATERIAL AND METHODS 

For this study hothouse-grown plants of Impatiens walleriana Hook./, were 
used. 

For light-microscopy the previously described technics for the preparation 
of 3 /im sections (2.1.2.) and the clearing preparation (2.1.1.) were applied. 

For electron-microscopy the glutaraldehyde-osmiumtetroxyde fixation as 
described in 2.2.1 was applied together with the re-embedding method (2.2.3.). 
The glutaraldehyde-osmiumtetroxyde fixation was used as follows : complete 
ovaries were dissected and when necessary sectioned transversely in smaller 
parts. The ovaries (or parts of them) were fixed for 2 hours in 2,5% glutaral-
dehyde in 0,1 M phosphatebuffer at pH 7,2. They were rinsed thoroughly in 
buffer and postfixed in buffered 1% osmiumtetroxyde during 20 hours. The 
ovules were embedded in epon. After longitudinally sectioning of the ovules the 
sections were post-stained with leadcitrate (REYNOLDS, 1963). 

5.3. RESULTS AND DISCUSSION 

5.3.1. Light-microscopv 
The ovaries of Impatiens walleriana Hook./, consist of one central placenta 

upon which the ovules are emplanted. At early stages the ovules are anatropous 
and they become apotropous when the embryosac is maturing. The ovule is 
bitegmic and tenuinucellate. The archespore cell (AC) originates directly from 
the archespore mother-cell (AMC) without division. 

At the early prophase the inner- and outer integuments are not formed yet. 
69 
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At pachytene the inner integuments are still not completely, surrounding the 
megaspore mother-cell (MMC) but in the dyad the formation of the integu­
ments is completed. Near the funiculus the outer integument remains rudimen­
tary (figure 26). 

The ovules of one ovary show various developmental stages. For instance : 
from top till bottom of the ovary one can find ovules with MMC's in pro- and 
metaphase, ovules with just formed dyads and ovules with dyads of which the 
topcell at the micropylar pole is already degenerated. 

The archespore mother-cell has a spherical shape. During the developmental 
stages the megasporocyte changes to ellipsoidal. The size of the cell enlarges 
about three times from AMC till mature embryosac. 

In spite of careful examination no tetrads have ever been found. It is always 
dyads that can be noticed and at the oldest meiotic stages always one de­
generated cell at micropylar side is found. Between the functional cell and the 
degenerating cell a thick layer is present (figure 26). After glutaraldehyde-
osmiumtetroxyde fixation this layer is moderately electron-dense indicating 
definitely the presence of cell-wall material (figure 26b). 

Discussion 
According to the fact that never tetrads have been found in spite of numerous 

samples taken at different diurnal and nocturnal times, it seems reasonable to 
presume that tetrads are not present during megasporogenesis of Impatiens 
walkriana. The presence of dyads with always one degenerating or degenerated 
micropylar cell supports the assumption that the bisporic type of development 
is present here. STEFFEN (1951) probably found the same kind of dyads with a 
thick cell-wall layer between the degenerating cell and the functional cell. He 
concluded that this layer consists of a degenerated cell too, so that he found a 
functional cell with two degenerated cells. He concluded probably erroneously 
that the third degenerated cell of the tetrad expected by him is not present in the 
field of his section. 

Analogous to the bisporic type in Allium the chalazal dyad cell in Impatiens 
is called the functional cell, when the micropylar dyad cell starts degenerating. 
After the second meiotic division in the functional cell the two-nucleate mega­
spore appears. 

5.3.2. Electron-microscopy 
In enclosure III a detailed survey is given of the most important morpho­

logical changes of various cell organelles and structures. Figure 27 gives a 
quantitative impression of the most important features in the stages which are 
comparable with those in the other species examined, based on measurements 
as described in 2.2.5. 

Enclosure IV C shows the distribution of a number of cell organelles within 
the cytoplasm during the developmental stages. 
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5.3.2.1. The nucleus 
Shape, size and position. During the meiotic prophase stages the nucleus 

enlarges 1,5 times. The shape of the nucleus is spherical. At leptotene the surface 
of the nucleus becomes irregular and at zygotene it shows a lobed shape with 
connections with membrane-like structures present in the karyoplasm (figure 
28, arrows). These membrane-like structures may look like 'blebs' of the nu­
clear envelope contpjning the membrane-like structures. At pachytene the 
original shape of the nucleus is restored. 

The position of the nucleus within the cell during the meiotic prophase stages 
varies. At leptotene and zygotene the nucleus is found at the micropylar pole. 
At pachytene and diplotene the nucleus is localized in the centre. At early telo­
phase the spindle figure is a-centrally positioned in the cell, which results in the 
formation of an unequally divided dyad. 

Karyoplasm. Chromatin structure. The chromatin-structure shows the 
common appearance during meiosis (MOENS, 1968). The premeiotic interphase 
nuclei have dense chromatin structures which are referred to by LAFONTAINE 
(1968) as heterochromatic masses. At leptotene small parts of chromatin 
string together and at zygotene axial cores are visible. Synaptinemal complexes 
are not clearly found. At diplotene the condensed chromosomes move to the 
equatorial plane of the spindle. At metaphase the chromosomes in the equa­
torial plane are attached with their kinetochores to numerous spindle micro­
tubules running towards the poles of the spindle figure. The spindle figure also 
contains some smooth lamellar endoplasmic reticulum (LER). At the polar 
regions of the spindle figure concentrations of LER cisternae are found (figure 
29). At early telophase a phragmoplast is formed between the two groups of 
sister chromosomes. Within the spindle figure no dictyosomes are present close 
to the cell-plate. In the meantime the nuclear envelope is rebuilt round the 
groups of sister chromosomes. Near the new nuclear envelope ER cisternae -
apparently in close relationship with microtubules - are extant. In the young 
dyad the chromatin has a heterochromatic structure. 

Membrane-like structures. At leptotene and zygotene some membrane-like 
structures are found within the karyoplasm, sometimes being continuous with 
the nuclear envelope (figure 28). 

FIG. 27. Survey of the quantitative data of the most important features in Impatiens mega-
. ' " 4 . •„ n , . i i < for the methods used for measuring and 

sporogenesis and megagametogenesis. bee 2..J..3. ior me men 
counting the various cell organelles. 
a) filled block represents 12,5 square fim 
b) filled block represents 500 ribosomes/0,6 square /mi cytoplasm 
c) filled block represents 15 polysomes/0,6 square /xm cytop asm 
d) filled block represents 7,5 dictyosomes/150 points cytoplasm 
e) filled block represents 50 points/150 points cytoplasm 
f) filled block represents 50 mitochondria/150 points cytoplasm 
g) filled block represents 10 plastids/150 points cytoplasm 
h) filled block represents 0,5 ^m 
i) filled block represents 2500 points cytoplasm (± 8.UUU x ) 
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The nucleolus. The nucleolus of the AMC has a clear pars granulosa and pars 
amorpha. During the later meiotic stages these parts can not be distinguished 
anymore. During the prophase stages the nucleolus enlarges till a maximum is 
reached at diplotene. In the dyad and in the four-nucleate embryosac the 
nucleolus has the same size as in the zygotene stage. Always one large nucleolus 
is found, sometimes a few small additional ones are found 

Nucleolus-like bodies in the cytoplasm. During meiosis after metaphase I the 
cytoplasm contains nucleolus-like bodies. These bodies have a condensed 

f u T i r r C t r 0 n , l e w ?PearanCe' S i m i l a r t o t h e P a r s g™™1™* of the nucleolus (figure 30b). At leptotene and diplotene also electron-dense granular 
anne^n ^ ^ ! ^ d I n t h e cytoplasm, but these structures have a loose 
Z I T ( ^ ^ T h e l aS t S t rUCtUres mentioned look like groups of monosomes. 
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The nuclear envelope. In those stages where it is perceptible the nuclear 
envelope has many pores except at pachytene and in the four-nucleate embryo-
sac, in which only few pores are found. At zygotene a maximum number of 
pores is found. The ultrastructure of the pores has not been studied in detail. 
In the AMC, AC and MMC at zygotene, pachytene and diplotene small 
electron-dense vesicles of irregular size between the inner- and outer nuclear 
membrane are visible (figure 31). At diplotene one also finds - together with 
these small electron-dense vesicles - large ones in between the nuclear mem­
branes. The diplotene stage shows a maximal amount of these structures where­
as similar structures also are perceptible in the cytoplasm, mostly within 
cisternae of the endoplasmic reticulum laying dispersed within the cytoplasm 
(figures 31 a and c, arrows). During all stages the outer nuclear envelope is found 
to be continuous with the endoplasmic reticulum. 

Discussion 
Just as in Lilium and Allium the nuclear surface of Impatiens shows un­

dulations during meiotic prophase. Some suggestions about their function are 
made in 3.3.2.1. In 6.2.2.1 a general discussion about the appearance and func­
tion of the nuclear undulations together with the presence of nuclear pores will 
be given. 

As in Allium membrane-like structures are found in the karyoplasm at meiotic 
prophase. In 4.3.2.1 a short discussion about these structures is already given, 
whereas in 6.2.2.4 a general discussion about the presence of these structures 
during meiosis will be presented. In Impatiens the membrane-like structures 
also are attached to the nuclear envelope. Probably the inner nuclear membrane 
forms 'blebs' at the attachment site with the membrane-like structures. Clear 
evidence for this suggestion is not found. If the inner nuclear envelope is really 
continuous with the membrane-like structures, the membranes of these struc­
tures have to consist of the same components as the inner nuclear membrane 
does, at least at the attachment site. However, the ultrastructure of the mem­
branes of the membrane-like structure is not to be similar to the ultrastructure 
of one of the nuclear membranes because their thickness is different. This is the 
reason why we speak about membrane-//£e structures. 

A possible function of the nucleolus-like bodies is discussed in relat.on to 
fluctuations in the ribosome population in 3.3.2.3. In 6.2.2.5 we shall revert to 
this subject. . r , , t 

As in Allium and in Lilium, a type of sacculation structure is found between 
the two nuclear membranes in Impatiens. A possible function of these structures 
has already been discussed in 3.3.2.1 and a general discussion will be given m 
6.2.2.2. In Impatiens the same structures are also found within the cisternae of 
the endoplasmic reticulum. Since the outer nuclear membrane is found to be 
continuous with the endoplasmic reticulum cisternae, the presence of the 
electron-dense vesicles within the ER cisternae can be accounted for The 
possibility that the electron-dense inclusions in the nuclear envelope and in the 
ER cisternae are caused by a virus infection is excluded, s.nce the inclus.ons 

77 
Meded. Landbouwhogeschool Wageningen 78-16(1978) 



.-» v: 

^ ' T ^:^ i iv ' i*-??nL^i & ^ * Ä » ^ ; "*w7 

»^Tti^r 

FIG. 31. Sacculation structures of the inner nuclear membrane between the two nuclear 
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have an irregular size with a varying diameter, which is not comparable with 
the diameter of known spherically shaped virusses. 

5.3.2.2. Microtubules 
The microtubules are first seen at leptotene in the perinuclear zone. At 

pachytene no microtubules are found, whereas at diplotene numerous micro­
tubules appear, especially in the perinuclear zone near the nuclear envelope and 
endoplasmic reticulum cisternae, both showing the vesiculate appearance al­
ready described. At metaphase I the microtubules are found within the spindle 
figure, arranged parallel, running from their attachment sites with the chromo­
somes to the polar regions. During cell-plate formation at early telophase I the 
microtubules are running parallel, arranged perpendicularly to the forming 
cell-plate (figure 32). In the functional megaspore with one nucleus and in the 
two-nucleate megaspore microtubules are found in the perinuclear zone again. 
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FIG. 32. ( 
cisternae running perpendicularly l ° " " . ' 7 ^ " ° *25 000 The line represents 1 ^m 
formation of ER cisternae near the cell-plate (CP), x ^ . uw . 

'' * • ' 4 J ' '-*"* "* ; " M r „t teloohase Note the microtubules and ER 
FIG. 32. Cell-plate formation in the MMC at teiop^ . ^ ^ ^ s h o w t h e . b l c b , 
cisternae running perpendicularly to the tormi g F ^ ^ ^ represents 1 um. 
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5.3.2.3. Cytoplasmic ribosomes 
Ribosomes are found as monosomes, as polysomes both free and attached 

to ER membranes. During all developmental stages polysomes are found. The 
number of polysomes per cytoplasmic area varies considerably. After a sub­
stantial increase of their number between AMC and AC a considerable de­
crease takes place between AC and leptotene. A similar succession of an in­
crease, immediately followed by a decrease takes place between leptotene and 
zygotene. After metaphase I an increase of the polysome population per cyto­
plasmic area takes place. 

The total number of ribosomes per cytoplasmic area, inclusive of those 
aggregated in polysomes and those attached to ER membranes, decreases 
during the early developmental stages till the dyad stage. A small increase of 
this number immediately followed by a decrease, also takes place between lepto­
tene and pachytene. After metaphase I an increase of the ribosome number per 
cytoplasmic area takes place. 

Discussion 
The sudden decrease of the total ribosome population and of the polysome 

population between the AC and leptotene and between zygotene and pachytene 
may be connected with the presence of the nucleolus-like bodies with a loose 
granular appearance in the cytoplasm at leptotene and at diplotene. It is possible 
that the monosomes and especially the polysomes are temporarily accumulated 
in these nucleolus-like bodies, causing the decrease of the ribosome- and 
polysome population. When the ribosome aggregations disintegrate a sudden 
increase of the ribosome- and polysome population takes place. This increase 
is found at zygotene. 

An increase of the ribosome population after metaphase I is also found in 
Lilium and in Allium. In 6.2.2.6 we shall discuss this subject for all three species. 

5.3.2.4. Endoplasmic reticulum (ER) 
During all developmental stages the cytoplasm contains lamellar endoplasmic 

reticulum (LER) cisternae. In the early stages up to diplotene ribosomes are 
attached to the cisternae. From diplotene till the functional megaspore very 
few ribosomes attached to the ER cisternae are left, whereas in the next stages 
their number increases again. In the early developmental stages tubular smooth 
ER is found. Their estimated number per cytoplasmic area gradually diminishes 
down to the functional megaspore phase, in which no TSER is extant. 

In the early meiotic stages the LER cisternae are dispersed in the cytoplasm. 
At metaphase I the LER cisternae are located in the periferal cytoplasm, sur­
rounding a cytoplasmic zone which contains the other cell organelles. The ER 
cisternae are running parallel to the cell-wall, whereas also a number of ER 
cisternae are running parallel round the spindle figure (figure 29). 

At telophase I the LER cisternae are running perpendicularly to the forming 
cell-plate, coming from both sides. The ends of these cisternae are 'blebbing' 
near the cell-plate (figure 32, arrows). In the degenerating micropylar dyad cell 
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parallel arranged profiles of the endoplasmic reticulum are found. 
The vesiculate structures within the ends of the ER cisternae, as already 

described in 5.3.2.1, are found at leptotene, zygotene and diplotene and in the 
functional cell and the two-nucleate megaspore (figure 31a and c). 

Discussion . . 
The parallel arrangements of the ER cisternae and their characteristic 

distribution in the cytoplasm at metaphase I probably arose during the transi­
tion of the nucleus from diplotene to metaphase I. At diplotene the ER cisternae 
are attached to the nuclear envelope and to the plasmodesmata, owing to which 
their localization was fixed as it were. When the nuclear envelope disintegrates 
the ER cisternae are getting dispersed freely in the cytoplasm. When the nuclear 
contents mix with the cytoplasm the ER cisternae may get arranged parallel to 
each other near the cell-wall and round the spindle, in the zones where they 
were previously bound. The ER cisternae round the spindle figure may be 
remnants of the nuclear envelope, but no pores are found in these cisternae. 

The arrangement of the ER cisternae perpendicular to the cell-plate may 
indicate a possible function of these cisternae in cell-plate formation No 
connections are found between the ER cisternae and microtubules or electron-

dense vesicles 
One theory could be that the ER cisternae (and microtubules) are present 

on those sites of the cell-plate where the future plasmodesmata in the cdKwaU 
will be formed. In our material no plasmodesmata are found within the cross-
wall of the dyad, so that this theory must be rejected here. t r n n s n n r t 

Another possibility is that the ER cisternae have a ^ ^ ^ ^ ^ 
of the electron-dense vesicles derived from the dictyosomes to the phragmo. 
plast, where these vesicles string together to form.the cell-plate ^ s ^ o s s b e 
that the ER cisternae have a function in the synthesis and the transport of other 
components necessary for cell-plate formation e.g. enzymes. 

However, in the phragmoplast a considerable » ^ ^ Î Ï Ï Ï Ï ^ d 
found, which are more likely to be responsible for this transport (HEPLER and 

J^ERand 8JACKSON (1968) found that ER ^ ^ S ^ S i 
in cell-plate formation by providing « ^ g Ä 
material for the plate matrix. CRESTI ̂ ^ ^ n ^ 
of ER cisternae in relation to production and secretion o 
material during the growth of the pollen tube _ c r o s s .w a l l Gf the dyad In our material callosic components are found in the cross y 

by the use of the fluorescence-aniline-blue method ^ ^ ^ J . 
these callosic components are synthesi zed oyi ^ ^ 
plate. The 'bleb' formation on the ends of these EK cisiem 
vesicle production of the ER cisternae. 

Protein-fibrils „fwthedvad regularly structured bund-
At diplotene and in the later stages after the dyao,rCg ^ 
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les of fibrils are found in the cytoplasm. The fibrils are parallel arranged and 
closely packed (figure 33a). The diameter of the fibril is approximately 4 nm. 
In transverse-sections a regular pattern is found between the fibrils and the 
space between them (figure 33b). The greatest length of the bundle measured by 
us was 3,2 ^m. . 

The bundles of fibrils can consist of protein-fibrils according to their EM 
structure. They can not be regarded as bundles of microtubules, because their 
size and profile are different. Maybe these bundles are a storage accomodation 
of microtubular proteins, since they are found in the stages in which the micro­
tubules are still found but in small quantities because they have no function in 
the spindle and in the phragmoplast. The bundles may also consist of micro­
filaments, although in our material these structures are not found disconnected 
in the cytoplasm. LEWIS et al. (1976) found microfilaments in the mitotic spindle 
of Paramecium and they supposed that these structures have a transition func­
tion. As both structures - microtubules and microfilaments - seem to have a 
function in the spindle and in the phragmoplast, both possibilities of the compo­
sition of the protein-fibrils are available here. A virus-like nature of these fibrils 
is excluded because of the size of the fibrils. 

5.3.2.5. Dictyosomes . „ . , 
The dictyosomes mostly consist of 5- 6 stacked cisternae in all developmental 

stages (figure 34). In some stages also a network-shaped W**^J*** 
dictVosomes is found (figure 34). During all stages ^ ^ ^ W * * * 
small electron-dense vesicles. At diplotene, metaphase I and at ana- andelo-
phase I the dictyosomes produce numerous vesicles which are extan near the 
dictyosomes (figure 34). In these stages the size of the ^ « ^ T w 
whereas numerous network-shaped dictyosomes are observed. A t o these 
stages the dictyosomes are smaller and produce fewer vesicles. The growth of 
the dictyosomes starts at zygotene. . 

The number of dictyosomes per cytoplasmic area increase ^ ^ M C o n 

till it reaches a maximum at leptotene. After leptotene h e ^ * * ° J ^ ° 
somes per cytoplasmic area decreases slowly, with a small » ^ ^ S t o 
again. In the two-nucleate megaspore and in ̂  four-nudeate embryosac the 
number of dictyosomes has decreased under the level foundi' theAMC 

The localization of the dictyosomes within the cell cytopasm ^ n r f v w y 
notably during the developmental stages. The d.ctyosomes « J « ^ ^ 
in the perinuclear zone and in the peripheral zone, f ^ » * ? * ^ 
numerous dictyosomes in the degenerating micropylar cell of the dyad. 

D = AlUum the dictyosomes m ^ g ^ ^ l Ä S 
size and in their production of vesicle at d i p t o W j P ü w h i c h 

telophase I. These vesicles are ^ ^ ^ ^ ^ b e a relation between 
takes place at ana- and telophase I (4.3.2 5 . M h e r ^ y micropylar dyad 
the presence of numerous dictyosomes in the degenerating n y y , 
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5.3 2.6. Vesicle- and vacuolar system 

found""8 deVe,OI ,men"" s'"Ses various vesicle- and vacuolar structures are 

s T a ^ t ^ t s e a ; h d t ^ t S , n , 7 r e S ' b m i b y » — < • '" «*>* 
visible. The i s t r u c tL r l f T e S J a r S e r ' '«""-transparent vesicles are 
random i n T ^ Z ' ü ^ m ' ' ' " ^ ^ ^'"t""** " 
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electron-dense vacuoles, which are bound by a membrane. They often have 
an erratically shaped appearance. Their electron-dense contents are mostly 
granular. These structures are found in the AMC, in the AC and in the MMC 
at diplotene (figure 33), telophase I and in the chalazal dyad cell, when the 
micropylar dyad cell is degenerating. 
'deaf vacuoles, which are more globular-shaped vacuoles filled with electron-
transparent material, sometimes with some condensed electron-dense material 
(figure 33). Small clear vacuoles are found in all developmental stages. Up to 
the dyad stage the number of small clear vacuoles remains approximately 
constant. In the dyad the number of vacuoles begins to enlarge, which will 
eventually lead to the central vacuole in the eight-nucleate embryosac. During 
all developmental stages the clear vacuoles are distributed at random in the 
cytoplasm. 

5.3.2.7. Plasma membrane 
In some developmental stages vesiculate and membranous structures are 

found between the plasma membrane and the cell-wall, especially in the early 
meiotic prophase and at a considerably lower degree in the two-nucleate 
megaspore. These structures are comparable with those found in Lihum mega-
sporogenesis (3.3.2.7.). 

5.3.2.8. Mitochondria , 
In the premeiotic interphase stages the mitochondria have cristae. The 

matrix of the mitochondria is relatively electron-transparent At leptotene and 
zygotene the cristae are getting dilated and simultaneously the matnxbecomM 
electron-dense (figures 28 and 30). The number of cristae diminishes. At pachy­
tene and diplotene very few cristae are left while the matrix has a granular 
electron-dense appearance. From metapha.se I on the mitochondria con am an 
increasing amount of cristae except in the degenerating and in t̂he, fonc lonal 
dyad ceufin which very few cristae are perceptible m the ™«oc^™^ 
four- and eight-nucleate embryosac the mitochondria show an appearance, 
similar to those in the premeiotic interphase. „„„rnvimatplv 

The number of mitochondria per cytoplasmic area r e ^ » ^ " ^ 
constantduringtheearlydevelopmentalstagesA^ 
a maximal number of the mitochondria is found. After m M « n t e 
number decreases and in the four-nucleate embryosac only half of the ong.nal 

number per cytoplasmic area is left. j:„t,;K,,t*»H at random 
In theLlydevelopmental stages t h e m i ^ 

in the cytoplasm. In metaphase I, ana- and ^ ^ " f ^ l ^ ^ . 
including the mitochondria, are located at the polar sides o t̂he^celL Remark 
able is the relatively large number of mitochondria in the micropylar dyad 
which will soon degenerate. 

Discussion . h j original ultrastructure 
In Impatiens the mitochondria show a return to uw s 
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during megasporogenesis. The same occurs in Lilium megasporogenesis. In 
6.2.2.9 we shall revert to this subject. 

The relative large number of mitochondria in the micropylar dyad cell may 
suppose that these mitochondria are needed for the degeneration process, 
which will soon take place in this cell. In 5.3.2.13 we shall discuss their possible 
function in the demolition process. 

5.3.2.9. Plastids 
In the archespore cell few plastids contain starch. In the later developmental 

stages the number of plastids containing starch and the amount of starch 
within each of the plastids increase. The presence of starch in the plastids clouds 
the developmental ultrastructural changes. Besides starch the plastids regularly 
contain plastoglobules. In the early developmental stages up to diplotene the 
plastids bear thylakoids. After pachytene the thylakoids have disappeared till 
the two-nucleate megaspore, in which phase they are present again, just as they 
are in the four-nucleate embryosac. 

The number of plastids per cytoplasmic volume decreases during the early 
developmental stages till this number reaches a minimum at diplotene. In 
metaphase I their number increases slowly and then remains constant during the 
later stages. 

In the AC, at leptotene, pachytene and in ana- and telophase I the plastids 
show a slight tendency to be localized on the chalazal side of the cell. In the 
micropylar dyad the relative number of plastids is much smaller than in the 
chalazal dyad cell, this in contrast with the number of mitochondria in these 
cells. 

Discussion 
In Impatiens megasporogenesis a storage of reserves takes place in the forma­

tion of starch in the plastids. The amount of starch is increasing constantly 
during the developmental process. Of the three species examined only Impatiens 
shows a storage of starch in the plastids. In 5.4 we shall revert to this subject. 

Just as we noted in Allium, the plastids in Impatiens show a tendency to be 
localized on the chalazal side of the cell during meiotic prophase. This localiza­
tion of the plastids probably leads to the unequal distribution of the plastids in 
the two dyad cells. The future functional cell gets more plastids in the cytoplasm 
than the future non-functional cell. In paragraph 6.3.2.3 we shall go into this 
subject in detail. 

5.3.2.10. Lipid bodies 
The lipid bodies show different appearances during megasporogenesis in 

Impatiens walleriana. In the AMC and in the AC the common droplet feature is 
found. In meiotic prophase and in metaphase I electron-transparent vacuoles 
are perceptible in the lipid droplets. In ana- and telophase electron-transparent 
vesicles are attached to the lipid droplet. From two-nucleate stage on the 
common lipid droplets appear again, with a larger diameter. 
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The amount of lipids per cytoplasmic area increases during the two-nucleate 
megaspore and the four-nucleate embryosac. In the eight-celled embryosac 
we find groups of lipid bodies in the central cell. 

Discussion uiscussion 
As in Lilium the lipid bodies of Impatiens show electron-transparent vacuoles 

and an attachment to electron-transparent vesicles. These vesicles may contain 
enzymes for the digestion of the lipidic compounds (3.3.2.10). In Impatiens a 
storage of lipidic compounds takes place, which increases during megagame-
togenesis. In the eight-celled embryosac most of the lipid bodies are found m the 
central cell, which will form the endosperm after fertilization. 

5.3.2.11. P l a s m o d e s m a t a 
In the AMC plasmodesmata are found in the whole surrounding cell-

wall. During all other developmental stages the plasmodesmata are found in 
the chalazal part of the cell-wall. 

D The 'continuous presence of plasmodesmata between the MMC and the 
chalazal nucellus cells may indicate the presence of a transpor -canal between 
these cells. In the chalazal nucellus cells the vascular bundle, transport ng 
nutrients, ends. This causes a nutrition-gradient in the nucellus• . ^ » ' ™ * * 
chalazal side to the micropylar side. The MMC will take up nutri ions n cessary 
for its development. This assimilation of nutrients probably ^ J ^ ™ & 
the plasmodesmata in the chalazal cell-wall of the megasporocyte and mega-
gametophyte. In 5.4 we shall discuss this nutrient-transport in relation to the 
storage of starch and lipids in the cell. 

' T h e LSantWhfckens during meiotic prophase. A ^ ™ * £ % % * £ 
cell-wall is found in diplotene. At metaphase I the ^ n ™ ° ^ ] M 

abruptly decreased and in the later stages the c e l l - w a l ^ t ^ ^ S h e p r e s e n c e 
A f L l p p l y i n g t h e f l u o r e s c e n ^ 

of callosic compounds in the cell-wall (RODKIEWICZ et ai i* * 
pounds are found to be present in the surrounding c ^ ^ ^ Z 7 l 
on the chalazal side of the cell-wall and in the cross ^ f ^ . ^ ^ Z t s 
1977). However, the EM ^ ^ ^ 
not show the common - more ^ ^ ^ Z laZckiana. 
cell-walls as found by JALOUZOT (1971) in Oenothera lan 

Discussion . riinlntene mav be due to the 
The maximum thickness ^ ^ ^ X T ^ ^ o ^ ^ 

presence of callosic compounds n this cell ^ h i c e l l . w a l l i s 

callosic compounds between diplotene, ajd m f ^ l J d y Mckmddmmg 
found at metaphase I. The cross-wall of the dyad is extrem y ^ 

Meded. Landbouwhogeschool Wageningen 78-16(1978) 



the formation of this cell-wall an extensive network of ER cisternae, running 
perpendicularly to the cell-plate, is found. According to our discussion in 
5.3.2.4 it might be possible that the ER cisternae are in this case involved in the 
deposition of callose. 

The difference in EM ultrastructure between the cell-wall containing callose 
in our material and this cell-wall in Oenothera lamarckiana may be due to 
different methods of fixation or to a difference in the quantity of callosic 
components in the cell-wall. 

5.3.2.13. Degeneration of the micropylar dyad cell 
In the degenerating of the micropylar dyad cell the nucleus has an irregular 

shape. Nuclear pores are not visible. The cytoplasm is strong electron-dense, 
and contains numerous ribosomes as monosomes and polysomes, whereas very 
few ribosomes are attached to ER membranes. Structures of parallel arranged 
ER cisternae are found, as well as dictyosomes in a relatively large number. 
Also mitochondria are found in the degenerating micropylar cell in a relatively 
large number per cytoplasmic area, whereas the number of plastids is very low. 
Electron-transparent vacuoles are perceptible, mostly containing condensed 
electron-dense material. Lipid bodies are not found in the degenerating micro­
pylar cell. Within the cross-wall black dots and granular electron-dense material 
is found. 

Discussion 
The irregular shape of the nucleus may be due to the degeneration process. 

The strong electron-dense appearance of the cytoplasm is probably caused by 
the presence of numerous ribosomes and by the presence of proteins, which are 
precipitated during the degeneration process. A possible function of the ribo­
somes was already suggested in 4.3.2.13 of Allium. They may have a function in 
the synthesis of lytic enzymes. The dictyosomes may have a function in the 
synthesis and/or transport of digestive enzymes. The relatively high number of 
mitochondria in the degenerating cell also suggests a function in the demolition 
process. During this process energy comes free, which may be stored in the 
mitochondria. Also in the perimitochondrial space enzymes are synthesized, 
necessary for the synthesis of fats. The electron-transparent vacuoles may serve 
as autophagic vacuoles (4.3.2.13). 

The presence of granular electron-dense material in the cell-wall between the 
micropylar and the chalazal cell may indicate the possibility that material is 
transported through this cell-wall. Maybe the callosic compounds in the cell-
wall are locally disintegrated to make this transport possible. On the other 
hand, an accumulation of lipid bodies in the chalazal dyad cell is not found. 
Because an accumulation of lipid bodies starts in the two-nucleate megaspore, 
a possible transport of lipidic compounds through the cross-wall of the dyad -
as is found in Allium - may not take place in Impatiens presuming that the two-
nucleate megaspore receives the nutrients for the storage of fats from the 
chalazal side of the cell. Maybe other useful material is transported through the 
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cell-wall to promote the growth and development of the functional chalazal 
cell. 

5.3.2.14. Nucellus cell 
During its development the MMC is surrounded by a layer of nucellus cells. 

This layer consists of young appearing cells without central vacuoles In the 
early stages of megasporogenesis these cells are small and they will elongate 
during the later stages to surround the growing MMC. No division of the 
nucellus epidermis cells is found. In the dyad stage of the MMC the nucellus 
cells which are in contact with the MMC start degenerating, with the exception 
of some cells located on the chalazal side of the MMC. In.the^four-nucleate 
embryosac all nucellus cells which are in contact with the MMC haye collapsed 
except on the chalazal side, where the MMC remains in contact with some 
viable nucellus cells. In the cell-wall between these cells and the young em­
bryosac numerous plasmodesmata remain present. ctl1j;„H 

One particular nucellus cell, positioned near the micropyle has been studied 
in all the developmental stages of the MMC observed. The nucleus: has andcm-
gated shape with a smooth surface. It contains a reticulate•chromatin s^ucture. 
The nuclear envelope shows open pores in the AMC and AC stage of the mega 
sporocyte and plugged pores during the meiotic prophase rfl^too 
tubules are foundln the periferal zone in half the stages ^ ^ ^ 
developmental stages of the MMC ribosomes are found as ™»™£g£ 
polysomes both free and attached to the nuclear envelope and to ER » 
From pachytene to telophase o f ^ C ^ ^ ^ " 

o T p X ^ ^ ^ ^ 
stages of the MMC some smooth ER is found in ^ ™ C ^ S * ^ Z ™ 
all stages of the MMC rough ER is found m the nucellus ̂ « ^ S T S aTl 
found in the stacked shape, producing small « f ^ ^ ^ S ^ o ï 
developmental stages of the ^ ; ^ ^ ^ ^ ^ ' ^ S c 
transparent vacuoles are found in the » J ^ S S S i a l is often found, 
on. Within the vacuoles some condensed electron-dense ma er* 
Except in leptotene of the MMC ^ ^ ^ « £ ^ £ £ > 
no invaginations nor evaluations. The fflutoctoon M M C ^ 
a more condensed shape, with v e n £ ^ ^ J t h c MMC the nucellus 
in the two-nucleate megaspore. In all the other^stag n C f i s t a e 

cell has mitochondria with the common W?*™*^* tJMMC. Starch 
The plastids have plastoglobules in nearly ah the sages ; t ^ 
granules are only found in the plastids of t h e > ™ ^ £ L lipid bodies are 
formed. Plastids thylakoids are not *™£«™M^S**sometimeS a 

found. They have the common appearance of a lipid' < W » i n t h e 

clear vacuole within the droplet ^ ^ ^ œ Z s T ^ t ie MMC. The 
side walls, not in the cell-wall » ^ ^ ^ ^ S u n t i l t h e d e g e n e n i t i n g 
thickness of the cell-wall remains approximately coi 
of the cell starts. Then the cell-wall gets thinner. ^ 
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Discussion 
From these data we may conclude that there is only a slight correlation 

between the ultrastructural development of the nucellus cell and the features 
previously mentioned of the ultrastructural development of the megasporocyte. 
There may be a correlation between the increase of the polysome population 
in the developing MMC from pachytene on and the disappearance of polysomes 
in the nucellus cell at that time. Apart from this possible correlation the 
nucellus cell and the megasporocyte show their own specific development. A 
conspicious fact is that in the nucellus cell no storage of starch is found in the 
plastids, such in contrast to the plastids in the MMC. 

5.4. DISCUSSION 

From the results of our investigations we already concluded that Impatiens 
shows the bisponc type of embryosac development. Just as in Allium the degene­
ration of the non-functional cell already starts at the dyad stage, before the 
secondmeioticdivisiontakesplace. Therefore we called the chalazal dyad cell the 
junctional cell, when the micropylar dyad cell starts degenerating. After the 
second meiotic division in the functional cell, the two-nucleate megaspore 
appears After one and two mitotic divisions respectively the four-nucleate and 
the eight-celled embryosac appear. 

Just as it is seen in Allium a number of developmental phenomena during 
nZ°r0gen

fT ' ' T t 0 bC r d a t e d- A1S0 t h e P r e s ence o f nudear pores, the 
Zelt t

C T 'f1" T e l ° P e a n d t h e « K a t i o n s of the inner nuclear 
rr ̂ r 'T ? r d a t e d t 0 t h e P r e s e n c e o f microtubules and the appear-
duction n f T gCS ? S SiZC a n d u l t r a s t r u^ure and in the vesicle pro-
Tn th. H r 0 m e S - I n 6-2-12 t h i s P ° S s i b l e r e l a t i o n will be discussed. 

amn„nt J ! t ? T*% m e f S P ° r 0 C y t e a n d megagametophyte an increasing 
Tvtio H 1S f r n d m t hC P l a s t i d s" I n t h e l a s t stages of megagameto-
fn t C c t n t s T e

R
m S° a n 1

f
nC,reaSing a m ° U n t ° f HP i d i c compound's fe found 

fce^develon n , " """* ° f p l a s m o d e s m a t a a close connection exists between 
cdls n t h ^ Z Z T ^ T ^ ^ ^ ^ a n d t h e c h a l a z a l melius 
wi t t h e oth r̂ f, rrn 'H d yadn t hCSe C h a l a Z a l C d I s r e m a i n v i a b I e > i n ««trast 
d e t l ^ m l Ï 8 nUf11US CellS' A H t h e s e f a c t s m a y i n d i ^ t e that the 
^ S t ^ T ^ T ^ Tegagamet0phyte receive nutritions from the 
seems to be I r e hL *??*** p l a s m o d ™ a - This nutrition-supply 
mm theSlh P lC for Jhe m a i n t « e , the growth and the develop-
sTored L the ee Î 1 1 **?"* Î™* ^ i nCTea s i ng a m o u n t o f f o o d m a t e r i a l 

development but also as'a C A * * " " " ' " ** ^ 

the c h X X n C w a i ? l ° S e •!? t hC S T ° U n d i n g Cell"Wa11 a t d l P l o t e - except in 
-ZT^LtZt^de °n WhlC5 t hC f u t U r e f u n c t i o n a l megaspore will 
^PP been described m many other species having the monosporic- or 
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bisporic type of embryosac development (RODKIEWICZ, 1970). The permeability 
of a cell-wall containing callose is lower than the permeability of a cellulosic 
cell-wall according to KNOX and HESLOP-HARRISON (1970). It is suggested that 
this callosic wall protects the differentiating haploid cell from a damaging 
interaction with the diploid nucellus cells or vice versa. On the chalazal side, 
on which the plasmodesmata remain open, no callosic compounds are found. 
The nutrition of the developing cell remains always possible. Also in the cross-
wall between the micropylar and the chalazal dyad cell callosic compounds are 
found. Together with the remnants of degenerating nucellus-cells surrounding 
the micropylar cell-wall, the micropylar cell gets isolated from the living nu­
cellus cells, especially in behalf of its nutrient-supply. This may be one of the 
causes that the micropylar cell dies. During the degeneration of the micropylar 
cell the cross-wall is getting irregular, with small electron-dense parts. Maybe 
the callosic components are partly degenerating to enable a diffusion of material 
through the cell-wall. There may be a relation between the localization of the 
plastids during meiotic prophase and the future unequal division of the ce . 
The plastids show a tendency to be located near the chalazal side of the cdL 
Owing to this localization an unequal distribution of the plastids in the two 
dyad cells takes place. The relatively large number of mitochondria and d.ctyo-
somes in the micropylar dyad cell may be caused by a more equal spread of-these 
cell organelles over the two dyad cells. Because of the unequal division of the 
cytoplasm a larger number of these cell organelles per cytoplasmic area is found 
in the micropylar dyad cell: This specific cell organelle composüion n the 
micropylar dyad cell may be related to the future degeneration process m this 

' I n the two-nucleate megaspore the volumic growth of ^ < * " » ^ ? £ 
proportionally to the growth of the cytoplasm and the ̂ creasing vacuo1 saton 
of the cell. Big vacuoles appear in the four-nucleate f ^ W * * ™ ^ 
central vacuole is found in the * ^ £ $ ^ ^ £ % S n 
tion is found between the appearance of the big vacuoles anu 
of the nuclei in the cell. The four nuclei in the ^ ^ ^ ^ ^ the 
regularly distributed in the cytoplasm. In ^ ^ f ^ ^ Z ^ l 
common localization of the eight cells in the ^ ™ » * ^ Z £ ? 
result of the position of the central vacuole in the eight-nucleate embryosac. 
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SIMILARITIES AND DIFFERENCES BETWEEN THE 
THREE SPECIES DURING MEGASPOROGENESIS 

6.1. FIXATION METHODS 

During glutaraldehyde-osmiumtetroxyde fixation saccharose had to be 
added to the fixation fluid of two of the three species, but in different concen­
trations, to prevent swelling and shrinking of the cells and organelles. This 
suggests a difference in osmolarities between the three species. Lilium has the 
greatest osmotic value and Impatiens the smallest. Since all preparation proce­
dures in the various species - apart from the osmolarity differences - are 
basically similar we suppose that the individual results can be compared in 
relation with each other. Especially so because we took special care that in all 
cases fragile structures as ribosomes and microtubules were well preserved. 

6.2. CELL ORGANELLE LEVEL 

6.2.1. Results 

In enclosure V most of the morphological and quantitative results of the 
three species have been assembled. This figure is composed of the three figures 
presented in the chapters 3, 4 and 5. The dyad stage of the bisporic type is 
supposed to be comparable with the two-nucleate stage of the tetrasporic type. 
The two-nucleate megaspore of the bisporic type is supposed to be comparable 
with the four-nucleate stage of the tetrasporic type. 

Nucleus 

\^fZrZiUlatiT A 11 , t h r e e S p e d e S S h 0 W n u c l e a r undulations starting at leptotene with an estimated maximum at zygotene 

d u r S e d ™ ? ' ^ " " ? « e n V d ° p e h a s P o r e s b u t t h e i r ™mber changes 
maXbefoftren °f f ' T SpedeS- A t Z ^ o t e n e a n* ^iplotene amaxi­
e r aZ ree spedes ' " ^ * ****** * ̂ ^ n u m b e r is f ° U n d 

o f Ï A S ^ A buUn dTf ̂  a11 three SPedeS a S a C C U l a t i ° n 

Impatiens a maximum i s f o S a t X ^ ^ ^ F " ^ "* 
Chromatin structure. All the snedes «h™, tha „ 

as described by MOENS ( ^ Ó S W n t L / T ° n c h r o m a t m structures 
synaptinemal complex i s ' f o u n d ? " ^ ^ W h e r e n e v e r a c l e a r ly v i s i b l e 

m m o ^ X ^ S T ' - ^ . ^ ^ Prophase of Impatiens and Allium 

^Nucleolus. During meiotic prophase the nucleolus enlarges for all three 
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species. The ultrastructure of the nucleolus is not described in detail in this 
investigation. 

Cytoplasm -
Ribosomes. The number of ribosomes per cytoplasmic area decreases for all 

three species during premeiotic interphase and early meiotic prophase. After 
metaphase I the number of ribosomes per cytoplasmic area increases for all 
three species. Polysomes are perceptible in all three species at various stages and 
in different quantities. Impatiens continuously has a polysome population 
which decreases and increases at similar stages as with monosomes. In Allium 
and Lilium polysomes are absent in some developmental stages and when 
present their number is relatively low, except for Allium in the archespore cell, 
where a large number is found. . 

Nucleolus-like bodies. In Impatiens and Lilium, but not in Allium, nucleolus-
like bodies are perceptible. They are not found in each stage of Impatiens mega-
sporogenesis, whereas their ultrastructure changes in those stages in which they 
are found during the development of the MMC. In Lilium the nucleolus-like 
bodies are continuously extant after metaphase I and their ultrastructure does 
n0imewtubules. During meiotic prophase microtubules appear in all three 
species. In Impatiens they appear at leptotene whereas for Lilium and Allium 
they appear respectively at pachytene and diplotene. „,„,„:.,:., i n t p r 

Endoplasmic reticulum. RER is found in all three species in, preme^üc inter­
phase. In Impatiens and Allium RER can also be observed in late r smgesbutm* 
continuously LER is perceptible in Impatiens *né L ^ m ^ ° ^ ^ 
which RER is not found. The same can be observed mlA Iliumithe stages 
after the dyad stage. TSER is not continuously ^ X ^ f ^ S m J l n l 
species. Allium and Lilium have a large amount of TSER at diplotene 

T S l . m ah three specs dictyosomes * — * ^ « r 
mental stages. In all species ^ « ™ ^ £ ^ n L t e o f W o -
cytoplasmic area occur. Impatiens and Mlium^ lag ^ ^ 
somes at diplotene/metaphase I, w h e r ^ ^ e V a r i o u s developmental 
stages. The dictyosomes produce vesic es *™*™™ t h e dictyosomes 
stages in all three species, although in Impatiens and Atom y 
show a higher production of vesicles at d 'P l o t e n e , \ n

n
d ^ n

P
t i n s i z e a s well at 

with Lilium. The dictyosomes in Allium show a changement 

these stages. . eiectron-dense vacuoles con-
Llectron-dense vacuoles. In all three SP^S . , 7/ t h e y a r e c o n ­

taining polysaccharide material are perceptible. Only in Lilium 
nuously extant while their number is increasing;. i n A,ljum a n d 

Clear vacuoles. Clear vacuoles appear * J * ^ ^ , I L 

Impatiens after metaphase I and in Lilium a " b o d i e s a r e observed in 
Paramural bodies. In all three species P**™ i b l e i n a l l s t ages. 

various developmental stages. Only in Lilium they are per P ^ 
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Mitochondria. In all three species mitochondria are continously perceptible 
during all stages. Their ultrastructure changes during megasporogenesis of the 
three species. The number of mitochondria per cytoplasmic area shows 
fluctuations for each species in different stages. The mitochondria contain 
cristae in all stages of Lilium and in various stages of Impatiens and Allium. 
However, Allium shows very few cristae in the mitochondria during premeiotic 
interphase and meiotic prophase. 

Plast ids. In all three species plastids are found in all stages. The plastid 
ultrastructure show developmental changes in Lilium, whereas in Allium these 
changes lead to the original ultrastructure at the end of megasporogenesis. It 
is difficult to study the ultrastructural development of the plastids in Impatiens 
because of their large starch-contents, but a small variation can be observed. 
The number of plastids per cytoplasmic area shows different fluctuations in 
all three species. In all stages of Lilium the plastids contain plastoglobules, 
whereas they are not found in all stages of Allium and Impatiens. Only in 
Impatiens the plastids contain starch, the amount of which increases during 
megasporogenesis. In all three species dumb-bell-shaped plastids are extant in 
various meiotic prophase stages. In Allium thylakoids are always found in the 
plastids during megasporogenesis. Impatiens and Lilium have only thylakoids 
in their plastids at premeiotic interphase, meiotic prophase and in the two- or 
four-nucleate megaspore. 

Lipid bodies. In almost all stages lipid bodies are perceptible for all three 
species. In Lilium the amount of lipid bodies per cytoplasmic area increases 
during the early developmental stages till metaphase I and then decreases. In 
Impatiens the amount of lipid bodies per cytoplasmic area increases after 
degeneration of the non-viable megaspore. 

Plasmodesmata. At early developmental stages plasmodesmata are found in 
all three species. In Impatiens the plasmodesmata are perceptible during all 
stages of megasporogenesis and megagametogenesis. In Lilium the plasmodes­
mata disappear after metaphase II whereas in Allium they are not continuously 
found in the stages after leptotene. 

Cell-wall. In all three species the cell-wall gradually thickens during mega­
sporogenesis. Impatiens and Allium show a sudden thinning of the cell-wall at 
metaphase I. Impatiens has callosic components in the cell-wall during meiotic 
prophase as indicated by a fluorescence-aniline-blue method. According to 
RODKIEWICZ (1970) Allium presumably has callosic components in the cell-
wall during meiotic prophase, whereas Lilium has not. Allium has cell-wall 
thickenings in the four-nucleate embryosac, similar to those found in transfer 
cells. In all three species the megaspore mother-cell enlarges during its develop­
ment. A small decrease of the cell volume is found at diplotene in Impatiens 
and at metaphase I in Lilium. 
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6.2.2. Discussion 

6.2.2.1. Nuclear undulat ions and nuclear pores 
The nuclear undulations, present in all three species seem to be characteristic 

for nuclear divisions. They are described by JALOUZOT (1973) in meiotic pro­
phase of megasporogenesis in Oenothera lamarckiana and by ZATSEPINA et al. 
(1977) in mitotic prophase. ZATSEPINA et al. suggest a possible role of these 
undulations in the break-down of the nuclear envelope (3.3.2.1). These authors 
suppose that the undulations are caused by the loss of the rigidity of the nucleus. 

In our material the nucleus enlarges in the meiotic prophase stages where the 
undulations of the nuclear envelope are found. The shape of the nucleus is 
dependent of the elasticity of the nuclear envelope, both the osmolarity of the 
karyoplasm and the osmolarity of the cytoplasm and of the synthesis of new 
nuclear membrane. 

In our material a maximal quantity of undulations is found at zygotene at 
which stage pairing of the chromosomes takes place and a maximal contraction 
of the chromosomes is found. During this contraction one of the possibilities 
may be that water is transferred from the nucleus to the cytoplasm, leading to a 
temporary decrease of the nuclear volume. Because the perinuclear space (the 
space between the two nuclear membranes) does not change at zygotene, we 
may presume that the nuclear envelope has not enough elasticity to compensate 
this temporary decrease of the nuclear volume without any reaction. So the 
temporary decrease of the nuclear volume causes a loss of rigidity o the nue eus 
which is followed by undulations of the nuclear envelope. Simultaneously a 
synthesis of nuclear envelope material may take place, which is probably defined 
by future necessaries. This synthesis may occur locally at the nuclear surface 
causing folds of the nuclear envelope. In view of this the undulations are merely 
the passive results of previous processes. , M r , i im(, 

The undulation of the nuclear envelope and the increasing nuclea volume 
implies that the contact-surface between nucleus and cytoplasm gett ng 
larger. Nuclear pores are abundantly extant at the same time, espec al y m the 
undulating parts of the nuclear envelope. The general f ^ f j » ^ ^ ^ 
clear pore-complexes have a function ^ ^ ^ f ^ ^ S ^ 

parts of the nuclear envelope seem to have a function in this nucleo-cytoplasm.c 
exchange process by the location of pores in t h e

f
u n d u l a^ n

h
S - p r v e d a f t e r z v g o . 

In all three species a decrease of the number of pores is observed afte zygo 

tene.Itis known ^ ^ ^ ^ J ^ X " ^ ^ ^ ^ ^ 
nucleus (LA COUR and WELLS, 1972 ; SCHEL,

 1 9 7 7 ) ; , S c H ^ ° r i ; r e a i n Phvsarum 
of the number of nuclear pores to an ü ^ ^ J ^ ^ S » 
polycephalum. In our matenal a decrease of to ™™**° ^ J ^ . I t i s 
while the nucleus enlarges thus f ^ ^ ^ £ d £ e n e is caused by the 
possible that the low number of nucl«f P ° » ^ „ ^ i t i s a s s u m e d that 
organization of the nucleus at that stage. By various au c o n d e n s e d 
pores are not extant in the nuclear envelope at those sites, wne ^ 
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chromatin is closely appressed to the nuclear envelope (LA COUR and WELLS 
1972; JALOUZOT, 1973; GALÂN-CANO et al., 1975). At pachytene the present 
synaptinemal complexes are attached to the nuclear envelope (MOENS 1969-
MCQUADE and WELLS, 1975). Also the large nucleolus is generally with one 
side attached to the nuclear envelope (CH. 3, 4 and 5, WILLIAMS et al. 1973-
GALAN-CANO et al., 1975; GIMÉNEZ-MARTIN et al., 1977). Because of thè 
appearance of all synaptinemal complexes with one side closely to the nuclear 
envelope and the presence of a nucleolus closely to the nuclear envelope, the 
number of nuclear pores can be diminished by a decrease of the surface-area 
of the nucleus wh.ch is suitable for nuclear pore complexes. In this case the 
undulation of the nuclear envelope and the location of pores in the undulations 
could be a mechanism to assure the presence of an essential surface-area, 
cTn™ n tU C l f r ' P ° r e S C a n b e e x t a n t a n d a<*ve, presuming that the attachment of 
~ & e ° u c l e a r e n v e l °Pe does not occur in the undulating parts. 
A ^ p a c h y t e n e the synaptinemal complexes break down and the condensed 
chromatin masses get loose of the nuclear envelope. The number of pores 

s S l e f o r t l m e ' ? r ° b a ? y b 6 C a U S e ° f t h e i n c r e a s i n g n u c l e a r surface area 
suitable for pore complexes. At the same time the undulations are disappearing. 

6.2 2 2. The s a ccu l a t i on of t he i nner n u c l e a r m e m b r a n e 
o b ^ n ^ T ^ S a C C u l a t i o n o f t h e inner nuclear membrane can be 
me ode nrtnh y f T t l 0 f e d * 33'2A t h e S e N a t i o n s are also found in 
wTJd TT r fn0them lamarckia™ rnegasporogenesis (JALOUZOT, 

The funcrion Ï T " f " " " m i c r o sP° r°g enesis (LA COUR and WELLS, 1972). 
The function of these structures is unknown yet. Some suggestions are made 

thre7snecrefTna^rUlatT/ trUCtUreS m p e r C e P t i b l e a t P^^ene in all 
»ttS^foïnd ÎT ? 'T^ t h C m a x i m a l a m o u n * of sacculation 
are found â i t t o i ^ u *" UHum> h ° W e v e r ' ° ^ ^ f ™ structures 
pores Ï s m l a f t n ' f *"*?!"*' A t t h e S a m e t i m e t h e n u m b e r ° f nuclear 
Liilm hnLVrJ' r 8 W h e r e S a c c u l a t i ° n structures are perceptible. In 

A Z and ZoaL„ " Ü T ^ " d i p l ° t e n e iS l a r g e r t h a n t h e i r n u m b e r i n 

amoun ,ÔA? "*** S t a g C ' W h i l e f o r t h e l a t t e r two species a maximal 
Z n l b L T ^ T j StIUCtUTuOCCUTS- T h e r e S e e m s t 0 b e N a t i o n between 
hatTsaccudation s n T "*** ° d S t e n C e o f ^ ^ t i o n s . This may indicate 
Mw^^T^T? umt t 0 t a k e ° V e r a t a s k o f t h e nuclear pores. 

s 5 Ä E Ä «s^tÄSÄ riuppS 
fusing^ l l S c ï s S the ? " t h ! tW° n U d e a r m e m b r a n e s - S i n c e n o 

comparable whh the ÎIZÏÏ ° U t e r n U d e a r m e m b r an e is found a process 
HAUER (1974Hs not l i k e H , V T * 8 a S d e S C r i b e d hy M o R R É and MOLLEN-
brane s u r r o u X t v ? ' **"* ^ P r o b a b l y t h e i n n e r nuclear mem-
n ^ m h i C ï A ^ ^ ' f tS l n c - P ° r a ^ within the outer nuclear 

the vesicle-contents get released in the cytoplasm and in the 
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nprinuclear soace in an as yet unknown way. . 
P e n t s o possible that the contents of the vesicles^hich are extant ,n the 
perinuclear space, are transferred from this space ^ # ^ l ^ £ * c 
endoplasmic reticulum, which is found to be continuous w i h ^ P ^ ^ 
space Anyway, a transport mechanism seems to f u n c t ^ . ^ J ™ 
way. By this process a nucleo-cytoplasmic exchange of material may take place, 
thus replacing the nuclear pores. ftv,* inner membrane 

We also consider the possibility that the sacculations of th ™*™^™ 
are just local folds of the inner nuclear membrane as a « ^ ^ ^ 
the surface-area of the inner and outer nuclear membrane^ Su* variât on may 
be due to an increase of the surface-area o f ^ r ^ e T m e X a ^ o r ^ a 
corresponding increase of the surface-area of the ™™™f™Zvonlm 
result from a shortening of the outer membrane w hout^aœrrpo g 
shortening of the inner membrane. Such ̂ o r t e i ^ o f t o o ^ r nude r 
brane may take place by its reverse into « " ^ ^ ^ ^ endo

y
plas_ 

continuous. This process may bring about ̂ P ^ ^ i n Allium. An in-
mic reticulum cisternae in the P e ™ u c l e a ^ Z 0 ^ e

m ^Varmay be related to a 
crease of the surface-area of the inner nuclear membrane may 

synthesis of new membrane m a t e r i a l ^ Z l * S l transport function of the 
What kind of material is transported in case 01 ^ ^b o n u c l e o p r o teinic 

nuclear membrane sacculations is as Yet u n k n 0 ^ ; c o n c r e te particles are not 
in nature, it has to be a soluble ^ ^ ^ ^ ^ ^ ^ 
found in the 'blebs' and vesicles between both n ^ m ^ ^ ^ ^ ^ 

A nucleo-cytoplasmic transport of n b o n u c l e o p i -, d b y DICKINSON and 
microspore tetrads after the meiotic dms lons/pn

d 'T
S

FL1975) and BELL (1975). 
BELL (1970), DICKINSON (1971), DICKINS oN.andPonm^ ^ ^ forma_ 
These authors relate the nucleo-cytoplasmic e x ™ n t a i n s _ b e s i d e cellulose -

• tion. As is generally assumed the microsP°« 1973). During meiotic 
a callosic component (WILLEMSE, 1972; *0VlH „ w a„ synthesis takes place 
prophase of megasporogenesis no extensive ce l l.wall of Impatiens 
except the formation of a callosic f mP°n™; 1 9 7 0) . Presuming the 
(BEDNARA, 1977) and possibly of AWm:/*°Xw these results may suggest 
presence of a callose-containing cell-wall ^ d t h e c a l io s i c cell-wall 
a relation between the nuclear envelope sacculations 
formation. ^ „ •. r eU.wall is not formed in Lihum. 

According to RODKIEWICZ (1970) a adloac ceü w ^ ^ ^ dmW^ 
The absence of a callosic cell-wall f L " ' a n d BEDNARA callose seems 
since by the aniline-blue method of RODKIEW ^ p r e s u m i n g that 
not always to be stained (REYNOLDS a n d | ^

A
i e s s a C c u l a t i o n is found, 

Lilium does not form callose, and since m all̂ three^P ̂  ^ ^ ^ {omatlon 
the process of sacculation therefore can no 

and callose deposition. a r p n v e l o p e can also be correlated with 
The sacculation structures at the « f ^ ^ S r T h i s implies thata 

the appearance of microtubules in the permuca ^ ^ m l c r o t u b u l e s 

relation between both phenomena is possiD • 9 ? 
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appear at leptotene whereas the sacculation structures at the nuclear envelope 
are already perceptible in the archespore mother-cell. For all of the three species 
an aggregation of the microtubules starts at diplotene. The nucleo-cytoplasmic 
exchange can be related to the synthesis and/or transport of precursors, neces­
sary for the formation and aggregation of microtubules. For Allium and Lilium 
the number of tubular smooth endoplasmic reticulum increases at the same 
time, especially around the nuclear envelope. One possibility was already 
mentioned earlier in this chapter, especially for Allium : the SER cisternae could 
be a result of the disintegration of the outer nuclear membrane. Another 
possibility is, that the SER cisternae play a role in microtubular aggregation as 
suggested by BURGESS and NORTHCOTE (1968). In Impatiens and Allium the 
dictyosomes increase their vesicular production at diplotene. At that stage a 
maximal number of lamellar endoplasmic reticulum is found in Lilium. As 
already mentioned in 3.3.3 this LER in Lilium is perhaps comparable with the 
specific dictyosome population in Allium and Lilium (see also 6.2.2.7). This 
increase of vesicle production of the dictyosomes may also be related to the 
nucleo-cytoplasmic exchange which is found at pachytene and diplotene. 

Summarizing: it is suggested that through the nuclear envelope, its nuclear 
pore-complexes and sacculation structures, precursors and signals are ex­
changed for the formation of tubular smooth ER, which may be related with 
the synthesis of microtubules and with the activation of the dictyosomes pro­
ducing vesicles; the latter two processes must be common in all dividing cells 
having nuclear and cell divisions. 

6.2.2.3. Chromatin structure 
The chromatin structure during meiotic prophase was described by several 

authors (MOENS, 1968; JALOUZOT, 1973; MCQUADE and WELLS, 1975). These 
authors especially described the ultrastructure of the synaptinemal complex. 
These complexes are clearly found in our material during pachytene of Lilium 
and Allium megasporogenesis. In Impatiens no clearly visible synaptinemal 
complexes are found but they undoubtedly are extant. The absence of clearly 
visible complexes may be due to the fact that the exactly appropriate develop­
mental stage was not available. 

6.2.2.4. Membrane-like s tructures 
In Allium and Impatiens megasporogenesis membrane-like structures in the 

nucleus are perceptible. Some suggestions of the origin of these structures were 
made by WILLEMSE (1971a) (see 4.3.2.1). As these structures are found in both 
microsporogenesis (WILLEMSE, 1971a) and megasporogenesis (this thesis) they 
may be considered as prophasic characteristics for meiosis in spermatophyta, 
because they only occur during the contraction of chromosomes. A possible 
explanation for the absence of membrane-like structures in Lilium megasporo­
genesis may be the fact that not the exactly appropriate developmental stage 
was available. 
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6.2.2.5. N u c l e o l u s 
The ultrastructure of the nucleolus and the nucleolus organizing region 

during meiosis was studied by several authors (BRASELTON and BOWEN, 1971 ; 
GIMÉNEZ-MARTIN and STOCKERT, 1970; WILLIAMS et al., 1973; L U C K and 

JORDAN, 1977; G IMÉNEZ-MARTIN et al., 1977). In this thesis changes of the 
ul trastructure of the nucleolus organizing region and of the nucleolus have not 
been described in detail. An enlargement of the nucleolus during meiotic 
p rophase as found in our species has no t been described by one of the authors 
previously mentioned. BRASELTON and BOWEN find an absence of nucleolar 
granules in Lilium meiotic prophase of microsporogenesis. They suggest a 
reduction or absence of r ibosomal R N A synthesis. In our species the nucleolus 
has a granular ul trastructure, indicating the presence of R N P particles. The 
enlargement of the nucleolus may point to an accumulation of synthesized 
R N P . It is generally assumed, that R N P particles of the nucleolus are trans­
ported to the cytoplasm through nuclear pores and are used as precursors of 
cytoplasmic R N A (JONES, 1965 and ROBARDS, 1973). 

The number of nuclear pores decreases during meiotic prophase (this thesis) 
and this may cause a nucleolar accumulation of the R N P particles. At the same 
t ime the number of cytoplasmic r ibosomes per cytoplasmic area decreases for 
all three species, p robably as the result of a low supply, caused by a lower num­
ber of nuclear pores. 

The number of r ibosomes increases at metaphase I. Dur ing this stage the 
karyoplasm mixes with the cytoplasm and the nucleolus disappears. It is likely 
that the increase of the cytoplasmic R N A is caused by the mixing of karyo­
plasm and cytoplasm and the disintegration of the nucleolus. WILLEMSE and 
LINSKENS (1968) also described an increase of the r ibosome number per cyto­
plasmic area during metaphase, caused by the mixing of the karyoplasm with 
the cytoplasm. The nucleolus probably has dissolved in diakinesis (GIMÉNEZ-
M A R T I N et al., 1977), causing an increase of polysomes and monosomes in the 
cytoplasm during metaphase. Also some additional nucleoli may be produced 
dur ing meiotic prophase, which will remain in the cytoplasm after nuclear 
division as so-called nucleolus-like bodies (WILLIAMS et a l , 1973). According 
to the latter au thors these nucleolus-like bodies are presumably also related to 
the restoration of the r ibosome populat ion. Nucleolus-like bodies are found 
during Lilium a nd Impatiens megasporogenesis bu t not in Allium. In Lilium the 
nucleolus-like bodies are extant after metaphase I. In Impatiens the nucleolus-
like bodies are not only found after metaphase I but also in meiotic prophase at 
leptotene and diplotene, in which stages their appearance has changed. At 
meiotic prophase they have a loosely granular ultrastructure, probably 
consisting of groups of monosomes, whereas the common appearance of 
nucleolus-like bodies is a compact electron-dense granular structure. These 
' c ommon ' nucleolus-like bodies are probably precursors of r ibosomes.after 
their release into the cytoplasm. 
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6.2.2.6. R i bo somes 
As it was mentioned earlier in this chapter, a possible explanation for the 

decrease of the ribosome population in the cytoplasm is given by assuming the 
presence of a barrier, resulting from the decrease of the number of nuclear 
pores. DICKINSON and ANDREWS (1977) suggest that during meiotic prophase 
lytic enzymes are active to reduce the ribosome population. They suggest that 
the so-called 'membrane-bound' cytoplasmic inclusions isolate parts of the 
cytoplasm from the activity of the lytic enzymes, thus preserving cytoplasmic 
components for the stages after meiotic division and serving the continuity of 
protein synthesis during meiosis. The authors speak about an eradication of 
the ribosome population during microsporogenesis, as it was also described 
by MACKENZIE et al. (1967), DICKINSON and HESLOP-HARRISON (1970b) and 
WILLIAMS et al. ( 1973). In our material the number of ribosomes per cytoplasmic 
area decreases during meiotic prophase. However, during this phase the cyto­
plasmic volume increases abundantly, causing a dilution of the ribosome popu­
lation. Therefore the total amount of cytoplasmic ribosomes increases, so that 
no eradication of the ribosome population takes place. Therefore there is no 
reason for us to assume an activity of lytic enzymes. DICKINSON and POTTER 

(1978) describe an elimination and restoration of the ribosome population in 
Lilium megasporogenesis, similar to those in Lilium microsporogenesis. They 
have measured the reduction in the number of ribosomes by the use of a micro-
densitometer, but a correction factor for the cytoplasmic growth is not included 
in the discussion. 

In our material the increase of the ribosome number per cytoplasmic area 
after metaphase I seems to be caused by a ribosome-flow during nuclear 
envelope disintegration (WILLEMSE and LINSKENS, 1968) and by a disintegration 
of the nucleolus-like bodies in the cytoplasm (WILLIAMS et al., 1973). The so-
called 'membrane-bound' inclusions in our material of Lilium sometimes 
contain more and sometimes fewer ribosomes than the surrounding cytoplasm. 
Therefore these inclusions can not be responsible for the increase of the cyto­
plasmic ribosome population. 

About the function of the dilution of the ribosome population at meiotic 
prophase and the restoration of the population after meiosis, DICKINSON and 
POTTER (1978) propose 'an effectively removing of the "diplophase" informa­
tion carrying molecules from the cytoplasm preparing it for the arrival of 
"haplophase" information produced by the new nucleus'. Certainly a reverse 
of information will take place when the sporophytic generation turns over into 
a gametophytic generation. However, a mechanism such as the eradication of 
the ribosome population and the rapid restoration of the ribosome population 
after meiosis does not seem to be essential for such a reverse. 

In protein synthesis both free polysomes and polysomes attached to ER 
membranes are involved, according to PALADE (1975). A continuous polysome 
population as found in Impatiens megasporogenesis suggests a continuous 
protein synthesis during its development. Also Allium shows a more or less 
continuous protein synthesis, whereas Lilium sometimes has only a small 
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number of polysomes. Based on the presence of polysomes in Lilium the bulk 
of protein synthesis probably takes place at early meiotic prophase. This bulk 
of protein synthesis may be related to the abundant membrane synthesis which 
occurs a t Lilium meiotic prophase. 

6.2.2.7. D i c t y o s o m e s 
Cell-plate formation is a process which takes place during anaphase/telo­

phase of the nuclear division within the phragmoplast. WHALEY et al. (1966) 
and FRASER (1975) suppose that the vesicles which are fusing in the phragmo­
plast are derived from the Golgi apparatus. HEPLER and NEWCOMB (1967) and 
HEPLER and JACKSON (1968) do not exclude the derivation of the vesicles from 
dictyosomes bu t they also suggest a derivation of the vesicles from the endo­
plasmic ret iculum cisternae. Microtubules are running perpendicularly to the 
cell-plate and they are presumed to have a function in the transport of the 
vesicles from the sites of synthesis to the cell-plate (HEPLER and NEWCOMB, 
1967; HEPLER and JACKSON, 1968). MOLLENHAUER and MORRÉ (1976) suggest 

a t ransport function of microfilaments for the movement of secretory vesicles 
from the site of synthesis to the cell-plate. 

In Allium and Impatiens typical changes manifest themselves in the dictyo-
some popula t ion during diplotene/metaphase I. Besides an increase of the 
number of dictyosomes per cytoplasmic area, an increase of the vesicle pro­
duction takes place. Also the position of the dictyosomes in the cell changes. 
In Allium the dictyosomes show an enlargement in size and a change in ultra-
structure too. In Lilium these typical changes of the dictyosome population do 
not take place at diplotene/metaphase I. The number of dictyosomes per cyto­
plasmic area remains low, while their number of produced vesicles remains low. 
Though dictyosomes are found near the spindle figure and within the spindle 
figure, these dictyosomes consist of very few cisternae producing very few 

vesicles 
The typical changes of the dictyosome population in Allium and Impatiens 

likely are related to the cell-plate formation during meiotic division. In Lihum 
no cell-plate formation takes place after nuclear division, so the absence of the 
typical changes of the dictyosomes at diplotene/metaphase I in this species may 
therefore be related to the absence of cell-plate formation. Lthum on the.other 
hand has an abundant endoplasmic reticulum, arranged in concentric running 
cisternae complexes with central cores at d i p l o t ene /me t apha s e_ IMORRE 
MOLLENHAUER and BRACKER (1971) suppose a continuity between ER ci ternae 
and dictyosome cisternae at the forming face of the dictyosomes F rom the ER 
cisternae new dictyosome cisternae are formed It is supposed that n L i hum 
M M C there is a lack in this system owing to " ^ ™ . ^ * ^ ™ ? £ Z 
formed by the ER cisternae ( D E BOER-DE JEU, 1978). It is a so « J * ™ ^ 
this lack causes a bulk production of ER cisternae ^ } c ^ T o U i Z ^ 
centric complexes, the most economic way to stack thi amount of cisternae. 
Probably these E R cisternae also have a task in the organization of the cell. 
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6.2.2.8. E l e c t r on -dense v a cuo l e s , c l ea r v a cuo l e s and 
p a r a m u r a l bod ies 

It can be proved that electron-dense vacuoles can contain contents as poly­
saccharides and enzymes. Electron-dense vacuoles with polysaccharide con­
tents are found in all three species. In Allium and Impatiens megasporogenesis 
they are probably incorporated in the cell-plates. In Lilium megasporogenesis -
in which no cell-plate is formed - also vesicles containing polysaccharides are 
formed, but only in the periferal part of the cell. An accumulation of this 
material takes place between the plasma membrane and the cell-wall. MAR-
CHANT and ROBARDS (1968) and ROBARDS and KIDWAI (1969) suppose that the 
material present in the paramural bodies is concerned with cell-wall synthesis. 
According to these authors multivesicular bodies are supposed to be derived 
from dictyosomes and to contain cell-wall precursors. FOWKE and SETTERFIELD 

(1969), however, suppose an artificial reorganization of the plasma membrane 
without any involvement in cell-wall deposition for the structures mentioned 
above. With a view to the polysaccharidic contents in the paramural bodies and 
in the multivesicular bodies, we prefer the hypothesis of ROBARDS and KIDWAI. 

Probably the polysaccharidic material in Lilium is necessary for cross-wall 
formation, when the eight-celled embryosac is formed. Presumably not a nor­
mal cell-plate formation takes place then, but a kind of cleavage as in nucellar 
endosperm when it becomes cellular as described by MORRISON and O 'BRIEN 

(1976). 

The electron-dense vacuoles with enzymic contents are called microbodies 
in which, according to FREDERICK et al. ( 1975) different types can be distinguish­
ed. In our material the nature of the microbodies is unknown, except in Lilium 
megasporogenesis after meiotic prophase, they likely are glyoxisomes. In these 
stages, when a decrease of the lipidic amount takes place, glyoxisomes are found 
to be attached to the lipid bodies. In the biochemical conversion of reserve fats 
into carbohydrates glyoxisomes are known to be involved (RICHARDSON, 1974; 
POWELL, 1976). It is probable that glyoxisomes are also found during mega­
sporogenesis in Allium and Impatiens. 

Electron-translucent vacuoles (clear vacuoles) are derived from dictyosomes, 
endoplasmic reticulum and the plasmalemma (ROBARDS, 1973). They may also 
be derived from electron-dense vesicles, because they appear when the electron-
dense vesicles are disappearing during megasporogenesis in Allium and 
Impatiens. The small electron-translucent vacuoles are supposed to fuse to­
gether to form a central vacuole (MOUSSEL, 1971). This central vacuole appears 
with each of the three species in the stage after the completion of the meiotic 
nuclear divisions, in the two-nucleate megaspore with Allium and Impatiens 
and in the four-nucleate embryosac with Lilium. For megasporogenesis the 
presence of the central vacuole in the first stages of the megagametophyte 
seems to be common because it is found in a considerable number of species 
by RUTISHAUSER (1969) and MOUSSEL (1971). These authors suppose a corre­
lation between the central position of the vacuole and the distribution of the 
nuclei after their first mitotic division. The two (or four in Lilium) nuclei are 
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then closely pressed into the micropylar- and the chalazal pole. After two mito­
tic divisions the synergids and the egg-cell are located at the micropylar pole, 
whereas the antipodes are located at the chalazal pole. The presence of a central 
vacuole immediately after the megasporogenesis seems to be essential for female 
gametophytic development in higher plants. 

6.2.2.9. Mitochondria 
DICKINSON and HESLOP-HARRISON (1977) and DICKINSON and POTTER (1978) 

describe so-called 'cycles' of 'dedifferentiation' and '^differentiation' of 
mitochondria and plastids during meiotic divisions both in Lilium micro- and 
megasporogenesis. In our thesis we prefer not to avail ourselves of the terms 
'cycle', 'dedifferentiation' and 'redifferentiation', but to speak about morpho­
logical changes which repeatedly may recur during the short time of the cell 
cycle we have studied: megasporogenesis and early megagametogenesis. In 
our material the 'somatic' type of mitochondria as it is called by DICKINSON is 
found at premeiotic interphase, except with Allium at meiotic prophase and 
in the four-nucleate embryosac. In all other stages a condensed type of mito­
chondria, which is called the 'dedifferentiated type' by DICKINSON, is percep­
tible from zygotene on, except for Allium in which the condensed type is already 
extant at premeiotic prophase. It is clear that the mitochondria show their own 
development during meiotic nuclear divisions, which may be related to the 
physiological state of the cell. . , . 

A maximal number of mitochondria per cytoplasmic area is found in 
Impatiens and Allium at diplotene and in Lilium at leptotene and pachy ene. 
At these stages the number of cristae remains constant for Allium ^Lihum 
whereas this number has decreased in Impatiens. HACKENBROCK (1966) and 
DAMSKY (1976) relate the crista ultrastructure to the metabolic state ofïhexeIL 
Usually, a low number of cristae found within the mitochondria is thought to 
indicate a low activity of the mitochondria corresponding to a la*^ ^ tab°hc 
activity of the cell. Presuming that the number oi ^och°^Zltntmt 
to the metabolic state of the cell, we may suppose that in Ahum ^™™" 
those stages where a maximal number of mitochondria is found a h gher n ed 
is necesJry. This energy need is probably related to ^ ^ ^ ^ 
nucleus and the cytoplasm a. for the nuclear divisions b ^ f o ™ ^ [ 
microtubules, c. for the vesicle production of the d.ctyosom s >" Amurnand 
d. for the ER membrane synthesis in Lilium. In Spanens ite ™ ^ £ £ 
chondria and the decrease of cristae within ^ ^ ^ ^ ^ ^ S ^ S 
eachothersothatthemetaboh^^^^^^ 

very few cristae in the r ^ ° ^ 0 T Z a bo l i e activity of the cell 
and meiotic prophase is then related » " 
during these stages. 

6.2.2.10. Plastids ' ( 1 9 7 6 ) h a s described 
Besides the authors mentioned in 6.2.2.9 also ™l" J > 

structural changes of the plastids during megasporogenes.s but Isoetes.^ 
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our material morphological changes of the plasties during megasporogenesis 
in Lilium and Allium take place at the same developmental stages as the morpho­
logical changes of the mitochondria do in these species. Apparently the develop­
ment of the mitochondria and the plastids seem to be synchronized within a 
species. Only Impatiens differs, because it has starch contents within the plastids, 
which starch contents continuously increase during megasporogenesis. The 
presence of starch within the plastids is clouding the developmental ultra-
structural changes in the plastids of Impatiens. 

6.2.2.11. Lipid bodies 
Beside the presence of starch in the plastids, which indicates a storage of 

reserve nutrients, also the presence of lipid bodies in the cytoplasm signifies 
a type of storage of reserve food material. Especially in Lilium megasporogenesis 
an accumulation of lipid bodies during meiotic prophase indicates that the 
food supply in this cell is higher than the food consumption. Allium has very 
few lipid bodies and the total amount of lipid remains constant in all develop­
mental stages. So Allium has no storage of reserve food material, since apart 
from lipid it does not accumulate starch either during megasporogenesis or 
megagametogenesis. Impatiens shows an accumulation of both starch and lipid 
bodies. 

The absence of chloroplasts with distinct thylakoid membranes indicates 
a heterotrophic character of the MMC. Nutrients are transported to the 
developing MMC, where they are consumed and storaged when the food supply 
is higher than the consumption. 

6.2.2.12. Plasmodesmata and cell-wall 
The plasmodesmata between the MMC and the nucellus cells, especially 

those situated at the chalazal pole, probably serve as pathways for the transport 
of nutrients during the early stages of megasporogenesis in all three species. 
These nutrient pathways keep functioning in Impatiens during megasporo­
genesis and megagametogenesis, which explains the storage of reserve foods 
during all stages in this species. In Lilium the plasmodesmata are disappearing 
when megagametogenesis starts. At these stages also the amount of lipid bodies 
decreases, which indicates that the lipid is used and that the import of food 
material from the surrounding nucellus cells is blocked. In some stages after 
early meiotic prophase plasmodesmata are found in Allium which probably 
serve for nutrient pathways to the cell. Maybe the cell-wall thickenings, present 
in the four-nucleate embryosac, serve as nutrient pathways analogous to the 
function of the thickened cell-walls of transfer-cells, as described by SCHNEPF 

and PROSS (1976). 
In 6.2.2.2 the presence of callose in the cell-wall was already discussed. The 

sudden thinning of the cell-wall of the MMC at metaphase I of Impatiens and 
Allium is maybe related to the demolition of a callosic component previously 
present in the surrounding cell-wall of these species. This demolition of the 
callosic cell-wall usually takes place before the cross-wall of the dyad is formed 
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(RoDKiEWicz, 1970; RODKIEWICZ and BEDNARA, 1976). The small decrease of 
the volume found at diplotene oîImpatiens megasporogenesis and at metaphase 
I of Lilium megasporogenesis is possibly caused by a loss of water during the 
condensation of the chromatin and the demolition of the nuclear envelope. 
WILLEMSE and FRANSSEN-VERHEIJEN (1978) find a similar decrease of the 
volume at diakinesis of Gasteria verrucosa megasporogenesis. 

6.3. THE ORGANIZATION OF THE CELL 

6.3.1. Results , t . .. 
During the whole process of megasporogenesis and megagametogenesis the 

number of cytoplasmic cell organelles per cytoplasmic area does not vary much 
in general (enclosure V). During the extensive cytoplasmic growth of the mega-
sporocyte and the megagametophyte an augmentation of the: c e l l ^ ^ 
takes place in order to keep up with this cytoplasm* growth The: r number per 
cytoplasmic area generally remains about constant. Owing to this feet we can 
compare the cell organelle distribution in the cytoplasm found in the three 

S P 5 n t l T e 1 v the cell organelle distribution in the f ^ * . ^ 
species is presented. Some cell organelles show a ^°™]^™^Z™ 
cell cytoplasm whereas other cell organelles seem to be distribu e d £ random^ 
Plastids, microtubules, the endoplasmic reticu u m ; . P l a ^ m ^ n \ p e r s 

central vacuole show a distinct directional ^ a t i o n ^ ^ ^ Z 
and not for each species in the same way. Also the P 0 S l t ^ ^ X e c d 0 n a 
nuclei) and the distribution of the ^ ^ — S — 1 3 

localization in the cytoplasm. Lipid bodies, small vacuo . 
seem to be distributed at random in the cytoplasm. Th e p « ot 
components in the cell-wall seems t o . h o w > a ^ lona 1 1 ^ ^ ^ 

In meiotic prophase a polar distribution of plastids; is; tou 
Impatiens. In these species the plastids show a ^ ^ ^ ^ i n all 
chalazal side of the cell. In Lilium the plastidsshow a onal d ^ ^ ^ 
developmental stages. They are found in two zones, tne: p 
nuclear zone, separated by the ̂ ^ X ^ "gure. 

With all three species microtubules are tou i n t h e 

Before and after the presence of the spindle figure tney 
nuclear zone and the P h r f moPj;*st: s h oWS a polar distribution during 

The endoplasmic reticulum (ER) in L » n o ^ ex lensiVe endoplasmic 
meiotic prophase. Simultaneously thes loca m i t o c h o n d r i a , dictyosomes, 
reticulumcause azonal distribution of the plast as ' i a a n d l i p i d b o d i e s are 
small vacuoles and lipid bodies, whereas some muo ^ ^ ^ influences the 

also found within the concentric complexes o ^ f o u r . n u c l e a t e s t a g es 
localization of the other cell organelles, in t n e

 h e c e „ I n Impatiens the ER 
most ofthe ER complexes are found m the een ^ .Q m e t a p h a s e x 
cisternae distributed at random get directional y ^ 
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around the spindle figure and in the periferal zone of the cytoplasm along the 
cell-wall. In this localization the ER cisternae seem to separate the spindle 
figure from the cell organelles and the cell organelles from the cell-wall. In 
Allium smooth endoplasmic reticulum (SER) is found in the perinuclear zone 
at pachytene and diplotene. In the other stages the SER is distributed at 
random. 

Plasmodesmata, present at premeiotic interphase on all sides of the cell, are 
localized on the chalazal side of the cell with all three species after premeiotic 
interphase. 

The central vacuole found in the initial stages of megagametogenesis is 
localized in the centre of the cell, whereas the nuclei show a polar position in 
these stages. 

The nucleus at meiotic prophase in Allium is situated in the micropylar part 
of the cell. In the initial stages of megagametogenesis the nuclei show a polar 
localization with all three species. With Allium and Impatiens always an equal 
number of nuclei is found in the polar regions of the megagametophyte, whereas 
with Lilium initially an unequal distribution of the nuclei in the polar regions is 
found. This stage is called the 'polarization' stage of the cell by MAHESWARI 
( 1950). Before this stage the four nuclei mostly have a diamond-shaped confi­
guration in the cell, with one nucleus near the micropylar pole and one nucleus 
near the chalazal pole. During the so-called 'polarization' the two nuclei 
located more centrally move to the chalazal pole. 

Dictyosomes show a polar distribution during meiotic prophase in Allium 
and Impatiens. At metaphase I in Allium they are found near the polar regions 
of the spindle figure, whereas in this stage in Impatiens they are found in the 
zone between the ER cisternae. In the stages after metaphase I the polar distri­
bution is extant again in Impatiens and Allium. Besides, in the latter species 
dictyosomes are found on the polar sides of the nuclei in these stages. In Lilium 
the dictyosomes show the zonal distribution mentioned previously, whereas at 
metaphase I very few and small dictyosomes are found within the spindle 
figure. 

In our material callosic components are found in the surrounding cell-wall 
in Impatiens at pachytene and diplotene with the exception of the chalazal 
pole of the cell-wall. In the dyad callosic components are only found in the 
cross-wall and in the surrounding cell-wall of the micropylar dyad cell according 
to BEDNARA (1977). During degeneration of the micropylar dyad cell the 
callosic components in the cell-wall are disintegrating as well. Callosic compo­
nents were also found during megasporogenesis in Allium by RODKIEWICZ 
(1970) but only in the cross-wall. In our material callosic components were not 
found in Allium when we used the fluorescence-aniline-blue method. 
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6.3.2. Discussion 

6.3.2.1. Classification . 
Three different types can be distinguished in the directional localization ot 

the cell organelles : a directly functional type, an indirectly probably functional 
type and a non-functional type. The directly functional type is found by the 
presence of microtubules within the spindle figure, where they have a distmct 
function. The indirectly probably functional type and the non-functional type 
are found by the zonal and polar distribution of some cell organelles Maybe 
the cell organelles which show a zonal distribution have an indirect function 
in these zones, for instance: the dictyosomes near the cell-wall have aj function 
for cell-wall synthesis. It is more likely, however, that as a resu t of the distri­
bution of other cell organelles, such as the endoplasmic reticulum in Lthum 
the localization of the zonal distributed cell organelles is influenced. In this 
case a non-functional type is found. flinrtinn 

The polar distribution of some cell-organelles and their possible function 
will be discussed next. 

6.3.2.2. The polar distr ibution of cell o rgane l l e s^ . . f 

The polar distribution of some organelles indicates a P ^ ^ Z t h l 
the cytoplasm, since there are differences between the ™°^*Jn* £ 
chalazal half of the cell. In our material these ^ ^ ^ " ' J ^ ™ 
localization of the plastids, the endoplasmic reticulum (ER) he pabodes 
mata, the nucleus (nuclei) and dictyosomes and by the partial presence 
callosic components in the surrounding cell-wall. snmpren oreanelles 

Fac torswh ' ichmaybeinvolvedinthepo^ 
can be distinguished in external and internal factor As one^A. 
factors the position of the cell within the nucellus c e l l s ^ h ^ e i U M M C ) are 
ovule in which the nucellus cells and the ^ l ^ ^ J ^ M s o 
situated already shows a difference between micropylar andchalaz 

i b e i u r i t i o n o f t t o o v ü k m t o ^ 
bud may influence the distribution of cell o r g a n ^ s aS

 r e a c t i o n of these or-
bution of the plastids can be influenced b y a „ g J J ^ P « 0 n t h e chalazal 
ganelles, as demonstrated by VOLKMAN and S ™ ^ Ration-gradient 
side of the nucellus the vascular bundle ends._^n ^ nutrition-gradient 
in the nucellus cells going from chalaza to miu w- plasmodesmata 
may also be present in the MMC because a t h e ^ a i p „ ^ „ . g r a d i e n t 
are found, probably serving as pathways iorn Q l l e s. 0 n the other 
in the MMC may cause a polar distribution oi ^ m a y i n f l u e n c e the 
hand, a specific localization of one: type o c s ^ o f a c e n t r a i vacuole in 
localization of the other cell organelles, uy uiv d i s t r i b u t i o n 0f the nuclei is 
the initial stages of megagametogenesis tne p t o p h y t e plays an im-
more or less fixed. The oval-like shape ot tne BB M M C m a y p , a y a 

portant role here. Also in meiotic pr°Phase ^ ^ 
role in the polar distribution of the cell organelles. ^ 
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In the above contemplation a possible streaming of the cytoplasm is not 
included. However, it is found that a cytoplasmic streaming takes place during 
meiotic prophase in meiotic dividing cells. This cytoplasmic streaming will stop 
at metaphase I. About a possible cytoplasmic streaming in the functional 
megaspore and in the megagametophyte after the meiotic divisions no data are 
known. Maybe the cytoplasmic streaming in meiotic prophase does not change 
the position of some organelles such as the endoplasmic reticulum, which is 
present as extensive complexes in Lilium and as plastids which are heavier than 
dictyosomes, mitochondria, small vesicles and lipid bodies. A possible cyto­
plasmic streaming after the meiotic division is excluded in this contemplation. 

6.3.2.3. The polar distr ibution of p last ids, dictyosomes, ER, 
plasmodesmata and nuclei 

A polar distribution of plastids in the MMC was also described by STEWART 
and GIFFORD (1967), JALOUZOT (1971), GODINEAU (1973) and RODKIEWICZ and 
BEDNARA (1974). All these authors found an unequal distribution of the plastids 
in the MMC, in such a way, that most of the plastids were extant on that polar 
side, where the future functional megaspore will arise. In our material the plas­
tids are also localized on that polar side, to be sure that most of them will be 
present in the future megaspore. This polarity expressed by the plastids in the 
MMC seems to be functional in relation to the future megaspore and the future 
embryosac. 

The unequal polar distribution of cell organelles in the MMC has its conse­
quence for the, by unequal division formed, dyad. In the micropylar dyad cell 
hardly any plastids are found, whereas dictyosomes are perceptible in a relative­
ly larger amount in this cell. Here the presence of a larger amount of dictyo­
somes per cytoplasmic area seems to be in relation with their presumed function 
of producing digestive enzymes for the destruction of the micropylar cell. 

In Lilium the distribution of the ER expresses a polarity of the MMC in 
early meiotic prophase. This was also found by EYMÉ (1965) in the Lilium MMC, 
by STEWART and GIFFORD (1967) in the MMC of Ginkgo biloba and by GODI­
NEAU (1973) in the MMC of Zea mays and Crépis tectorum. In all these cases 
an extensive endoplasmic reticulum is developing at the micropylar pole of the 
MMC. Because the latter three species have a monosporic type of embryosac 
development, with a development of the chalazal megaspore to functional 
megaspore and Lilium has the tetrasporic type of embryosac development, the 
presence of an extensive ER at the micropylar pole in Lilium may not be com­
parable with this feature in the other species. In the monosporic type this ER 
may be related to the position of the future functional megaspore. In Lilium, 
however, there may be another reason for the presence of an abundant endo­
plasmic reticulum at the micropylar pole during meiotic prophase. Maybe the 
cause can be found in the presence of a nutrition-gradient in the MMC. It is 
possible that the ER membranes react on this difference in nutrition concen­
trations within the cell. 

The presence of plasmodesmata on the chalazal side of the cell seems to serve 
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the nutrition-supply coming from the chalazal nucellus cells. The occurrence of 
plasmodesmata only on the chalazal side may be influenced by the chalazal 
neighbour nucellus cells or by the MMC itself. 

There seems to be a relation between the polar distribution of the nuclei at 
the initial stages of megagametogenesis and the appearance of the central va­
cuole at these stages. By way of this central vacuole the nuclei seem to be pressed 
to the polar sides of the cell as it was suggested by RUTISHAUSER (1969) and 
MOUSSEL (1971). It is not evident whether the nuclear position is either caused 
or maintained as a result of the presence of the central vacuole. This polar 
distribution of the nuclei is necessary for the organization of the future eight-
celled embryosac. 

6.3.2.4. The p a r t i a l p r e sence of cal losic componen ts in the 
c e l l -wa l l of t he M M C 

A polarity of the MMC is also determined by the partial presence of callosic 
components in the surrounding cell-wall of the MMC, as it was also found by 
RODKIEWICZ (1970), JALOUZOT (1971), RODKIEWICZ and BEDNARA (1974,1976) 
and NOHER DE HALAC and HARTE (1975). When the functional megaspore will 
appear on the chalazal side of the MMC the chalazal pole shows the same 
characteristics as the micropylar pole does when the functional megaspore 
appears on the micropylar side. A callosic wall appears at that pole of the 
meeaspore mother-cell where the abortive megaspore(s) will be formed. At the 
opposite pole the cell-wall initially contains some callosic components but the 
callosic substances will soon disintegrate thus offering the future functional 
megaspore the opportunity to ingest nutritions through the cell-wall from the 
surrounding cells as it was suggested by NOHER DE HALAC and HARTE (1975) 
and by RODKIEWICZ and BEDNARA (1976). The callosic cell-wall layer seems o 
be a mechanical barrier against the penetration of larger mo ecules in he cell 
(KNOX and HESLOP-HARRISON, 1970). This type of po ̂  » f ^ J ^ * ^ 
species with the monosporic type ^ ^ ^ . ^ ^ ^ ^ 
ment (Allium cepa) examined thus far by R o D K J f ^ z ^ r . ' ; , l f L r h a v e no 
tetrasporic embryosac development, examined by the latter author, have no 
callosic compounds in their cell-walls. • t„„aii,«ir rnmnnnents 

In our material only Impatiens walleriana has a definite callos c componens 
containing cell-wall at diplotene, which disintegrates; at metaplm e l . Apo larit 
as described above is found in the Impatiens MMC, but besides^that^ n aU 
stages plasmodesmata are ^ X ^ ^ ^ ^ 
components remain in the cell-wall of the micropywi y tionscan not 
this cell from the surrounding cells, by which an inges ion of n u t a n s 
take place. Probably this isolation causes the destruction of the cell. 

6.3.2.5. The r e l a t i o n be tween nucel lus ™ * ^ M C c a l l o s i c c e l l . w a l i 
The polar distribution of plastids, plas*°d*mate a n d ^ ^ ^ 

components seems to be related to the P***™ M C d t h e s u r r 0unding 
As it is mentioned before, the relation between the M M t ^ 
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nucellus cells is very close, because of the position of the MMC within the 
nucellus and the ingestion of nutritions of the MMC from the nucellus. The 
MMC initially originates from one cell between the nucellus cells. The induction 
of this MMC formation has to be an external factor probably originating from 
the nucellus, together with the nutrition streaming. It is suggested that the MMC 
produces the callosic components in the cell-wall during meiotic prophase, 
analogous to the cell-wall thickening found in species without callosic compo­
nents in the cell-wall, although no indications for the production of callose is 
found in our material. The partial disintegration of the callosic cell-wall and the 
persistence of plasmodesmata on the chalazal side may be caused by the 
nucellus cells on that side, thus providing the MMC with nutritions. Through 
this pathway a nutrition-gradient is caused in the cytoplasm of the MMC, 
leading to a polar distribution of some cell organelles. By this polar distribution 
unequal dyad cells appear. In consequence of the presence of callosic compo­
nents in the cell-wall of the micropylar dyad cell, this cell can not ingest nutri­
tions and dies. In the functional megaspore the central vacuole appears in 
consequence of which a polar distribution of the nuclei fixed, necessary for the 
organization of the embryosac in which - beside other cell organelles - the 
plastids are present. 

In the above contemplation an interaction between the nucellus and the 
MMC is suggested. This interaction starts with the induction of one nucellus 
cell to become MMC. This interaction is possible because of the heterotrophic 
character of the MMC, by which its development is depending of a nutrition-
supply originating from the nucellus. It seems that as a result of this interaction 
the nucellus cells play a dominant role in the development of MMC. 
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7. MEGASPOROGENESIS AS A DEVELOPMENTAL 
PROCESS 

7.1. INTRODUCTION 

Not all the ultrastructural changes mentioned and discussed earlier can be 
related to the process of megasporogenesis. Some of these changes are cha­
racteristic for meiosis. By distinguishing the ultrastructural changes charac­
teristic for meiosis we can give a more exact description of the process of 
megasporogenesis, in which also species-specific and developmental type-
specific characteristics are considered. 

7.2. MEIOSIS 

The developmental processes occurring within or close to the nucleus can 
be related to the meiotic process. All the meiotic developmental stages as used 
in this study are confined by the chromatin ultrastructure during meiosis. The 
nuclear envelope undulations and the sacculation of the inner nuclear mem­
brane are supposed to have a function in the nucleo-cytoplasmic exchange ot 
information during meiosis. The microtubules with their function in the spindle 
can also be related to the process of meiosis. The decrease of the number ot 
cytoplasmic ribosomes per cytoplasmic area, followed by the increase of this 
number in relation with the break-down of the nuclear envelope and the pre­
sence of nucleolus-like bodies in the cytoplasm, is supposed to be specific tor 
meiosis as well, since it is observed in both micro- and megasporogenesis. 

7.3. MEGASPOROGENESIS 

The process of megasporogenesis concerns the P ^ * » * * w ^ a l 
nucelhicell develops into " ^ T ^ ^ ^ J Ä 
megaspore. This process seems to be an interaction oeiwec j 
nucellus cells and this cell. Within the nucellar tissue ^ ^ J ^ ^ 
extant, caused by a one-sided nourishing streaming viz. ̂ < £ S t e óf tte 
nucellus cell, positioned just under t h e f ^ X S ^ ^ ^ 
very young ovule, probably receives information by mis 
f o r differentiation into a sporogenic cell. m e g a s p o r e mother-cell reacts 

This cell which now becomes the developing " W ° ' e
 h ^ j a 

on this induction by increasing its ^ 1 r ^ 1 ' S S Ä c ^ o p l a « m i c 
growth of the nucleus, that starts dividing ̂ H * S i » p c ï t mother 
gwwthnol^vacuolesappear.Theshape^ 
cell changes and the cell-wall thickens, while in several spec ^ 
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nents are partially deposited in the cell-wall. On the chalazal side this cell-wall 
shows places in which no callosic components are perceptible, while an inten­
sive contact between the nucellus and the developing megaspore mother-cell 
is also preserved by the presence of plasmodesmata. The thickening of the cell-
wall and in some cases the formation of callosic components in the cell-wall 
during megasporogenesis by the megaspore mother-cell is a mechanism to 
isolate itself partially from external influences. However, during megasporo­
genesis a heterotrophic condition of the megaspore mother-cell makes contact 
necessary with its environment, in this case the chalazal nucellus cells. From 
this side nutritions are provided to the megaspore mother-cell while, through 
this intensive contact with the nucellus cells, the development of the mega­
spore mother-cell is getting influenced. It seems that as a result of this inter­
action between the nucellus cells and the megaspore mother-cell the whole 
developmental process of megasporogenesis - including the formation of only 
one functional megaspore - is defined. 

During megasporogenesis the ultrastructures of the mitochondria and 
plastids change, whereas they return to their original ultrastructure during 
megagametogenesis. This reoccurrence of the original ultrastructure takes 
place under different environmental conditions. The original ultrastructure 
was found in the diploid megaspore mother-cell which was just starting meiotic 
divisions, whereas the return to the original ultrastructure takes place in the 
haploid megagametophyte. Therefore it is not correct to speak about a cycle 
of the ultrastructure of plastids and mitochondria during megasporogenesis as 
DICKINSON and POTTER (1978) do. 

During megagametogenesis, when a central vacuole is formed, the extension 
of the volume involves a growth of the vacuole, through which a polar distri­
bution of the nuclei is fixed for their future position in the embryosac. 

7.3.1. Characteristics of the process of megasporogenesis 
All the situations and changes mentioned in 7.3 are more or less found in the 

species investigated and seem to be related to the process of megasporogenesis. 
Characteristics of the process of megasporogenesis are to be found in the devel­
opmental ultrastructural features. These features show a large variety since they 
are observed in three different species (species-specific characteristics). Cha­
racteristics of the process of megasporogenesis also depend on the classification 
of the process in different types which was described by MAHESWARI (1950) and 
RUTISHAUSER (1969) as monosporic, bisporic and tetrasporic type according to 
the number of nuclei in the functional megaspore (type specific characteristics). 

Some species-specific characteristics are the storage of reserves in the mega­
spore mother-cell and in the developing megaspore, the differences in contact 
with the chalazal neighbour nucellus cells and the reaction of the surrounding 
nucellus cells on the presence of the megasporocyte and the megagametophyte. 

Some type-specific characteristics, concerned with the classification of the 
process are the development of the endoplasmic reticulum and the dictyosomes, 
the polar localization of some organelles and the degeneration of the non­
functional megaspore(s). 
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7.3.2. Species-specific characteristics 
During the whole process of megasporogenesis and megagametogenesis the 

number of cell organelles per cytoplasmic area does not vary much in general. 
Small fluctuations in the number of some cell organelles per cytoplasmic area 
ave* snppiGS-sncciiic 

The heterotrophic character of the megaspore mother-cell is expressed by the 
storage of reserves in the cell. The degree of this heterotrophic character seems 
to be species-specific. A species with a high degree of heterotrophy shjwsa 
continuous storage of reserves in the formation of starch and hpids, as s shown 
in Impatiens. Allium on the other hand shows a low degree of ^ " W 

The degree of contact between the chalazal nucellus cells and tomes^ 
mother-cell is found in the presence of ^ ^ ^ ^ ^ T ^ ^ ^ Ï ^ T S Z 
all stages with Impatiens and not in all stages with Album ^ T ^ ^ 
seems to close the plasmodesmata after a storage of lipids, thu changmg s 

heterotrophic character into a temporary individual ^ f ^ ^ ^ m 

which is expressed by a decrease of the lipidic amount. In some ^ ^ 
has plasmodesmata, in other stages it has not, whereas a storage of reserves 
not effectuated. „ „„.) ,„ rPu either 

The nucellus cells directly surrounding the megaspoe ™ ^ ^ ™ 
remain unchanged during the whole of the volum.c ^ ° ™ ™ ^ Z > 
cyte and megagametophyte (Lilium) or < * ^ ^ ^ ° Z , by 
chalazal neighbour cells (Impatiens) or 1™^?™^°*T^Ibour cells 
thickening of the cell-wall with the « ^ ^ ^ S Ä « e r i s t i c s 
(Allium). The reaction of the nucellus cells is P"^f™^ore mother-cell 
of the nucellar tissue in relation to the presenee of » r P t e 

and not by an influence only proceeding from developing 

itself. 

7.3.3. Tvpe-specific characteristics • t- „ snecific for the different 
There is a relation between the character!f ̂ ' ^ o c c u r r e nce of a dyad 

types of development and the formation of a cell-plate, 
and the destruction of the non-functional megasp . d e v e l o p m e n t s h o w a 

The megaspore mother-cells having a b l sP°™ l*p
 i t h t h e formation of the 

typical development of the dicty°somes in rê at> n t o f t h e d i c t y o So-
cell plate. The tetrasporic type shows a ^le"n

v
g

nicaldevelopmentoftheendo-
mes, which is accompanied by and related to a typical P 
plasmic reticulum. „ or2anelles an unequal division 

Owing to the polar distribution of some ceu o s ^ ^ ^ ( f u n c t i o n a l) 
gives rise to a dyad, having relatively more pias f u n c t i o n a l ) micropylar 
cell and relatively more dictyosomes in the sma v ^ c o m p o n e n t s . The 
cell. The dyad is surrounded by a cell-wall conta.m g ^ ^ ^ c a l l o s i c c e l l 

micropylar dyad cell is isolated from the surroun B ^ ^ p r o d u c t l o n of 
wall material and contains more d i c ty°f™f "functional megaspore is a 
digestive enzymes. The destruction ot we i ^ ^ w h i c h nQ ingest.on ot 
consequence of the isolation of the cell a u 3 
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nutritions can take place in combination with a specific cell organelle popula­
tion. The degeneration has already been inducted before the process has started, 
as it is indicated by the polar distribution of some cell organelles and the partial 
presence of callosic components in the cell-wall at diplotene. The realization of 
the degeneration can be influenced by the functional megaspore. The demolition 
products of the degenerating cell benefit the development of the functional cell 
by diffusion through the cross-wall, when the callosic components in this wall 
are disintegrated. This means that the theory of SHELDRAKE (1974) which 
supposes that the functional cell must get rid off its deleterious products, which 
are then accumulated in the non-functional megaspore cells, is rejected here. 

The characteristics of the process of megasporogenesis in relation to the 
developmental type indicate a more complicated classification of the process 
than was given by MAHESWARI (1950) and RUTISHAUSER (1969) who only 
counted the number of nuclei in the functional megaspore. In our opinion the 
classification according to the number of nuclei may only serve as a basic in­
formation, whereas an intensive investigation of the cytoplasmic changes will 
procure information of the process of megasporogenesis and the species-
specific characteristics and type-specific characteristics of the process. 

7.4. MICROSPOROGENESIS AND MEGASPOROGENESIS 

In this thesis the work of DICKINSON and HESLOP-HARRISON has often been 
referred to. These scientific investigators compare the process of megasporo­
genesis with the process of microsporogenesis without any restriction. In our 
opinion these two processes are not totally comparable because they occur un-
very different circumstances and show their own specific ultrastructural devel­
opment. 

Microsporogenesis takes place in the anther tapetum, where at the same time 
a lot of microspore mother-cells are developing. The microspore mother-cells 
show a polarity within the cell by means of the orientation of the spindle figure. 
In the anther the microspore mother-cells are entirely surrounded by the tape­
tum, which is serving as a nourishing tissue. The nutritions can come from all 
sides of the microspore mother-cell, so that the presence of a polar nutrition-
gradient within the cell can be excluded. The resulting microspores show some 
characteristics specific for spores as those found in lower plants e.g. a solid 
cell-wall protecting the spore for drying-up, a condensed cytoplasm with small 
vacuoles and characteristics for a self-supporting character. 

These developmental differences between microsporogenesis and mega­
sporogenesis make them not totally comparable. The processes characteristic 
for meiosis as the ultrastructural changes within and close to the nucleus 
previously mentioned are similar. The ultrastructural changes, related to the 
process of megasporogenesis, however, very strongly depend on the solitary 
position of the megaspore mother-cell in the nucellus cells, the nutrition-
gradient within the megaspore mother-cell and the nucellus cells, the hetero­
trophic character of the megaspore mother-cell and the functional megaspore. 
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8. SUMMARY 

In higher plants the development of the female gametophyte - the embryo-
sac - involves two subsequent processes: megasporogenesis and megagameto-
genesis. Megasporogenesis is the process during which one functional mega-
spore is formed by meiosis of one particular nucellus cell. This functional mega-
spore can contain one, two or four haploid nuclei (respectively following the 
mono-, bi- or tetrasporic developmental type) depending on the circumstance 
whether a cell-wall is formed after the first and/or the second meiotic division 
or not. Additional megaspores, when formed, degenerate during megasporo­
genesis. The functional megaspore develops into the embryosac after a number 
of mitotic divisions. This process is called megagametogenesis. The cell in­
volved is called megasporocyte or megaspore mother-cell during megasporo­
genesis and forms a megagametophyte during megagametogenesis. 

In this thesis the ultrastructural aspects of megasporogenesis have been 
studied with the employ of electron-microscopic technics. Initially we intended 
to study the megasporogenesis in three species, each representing one ot the 
three types mentioned above. For this purpose the species Impatiens ̂ llermna 
Hook / , Allium eepa L. and the Lilium hybrid 'Enchantment, were chosen 
which, according to other investigators respectively would show•themono, 
bi- and tetrasporic types of development. However, our observation r v a k d 
a bisporic type of development for Impatiens as well, so **\™^ ™ 
species having the bisporic type and one species having the tetrasporic type 

WD^agtuerdinvestigation the ultrastructural changes and the localization^ 
the various cell organelles in the different à ™ ^ * ^ ™ * * ^ 
At the same time quantitative data concerning the number of the var ous cell 
organelles were collected during the whole of the developmental process. 

respectively 5 Lilium, AlUum and ' T ^ ^ ^ ^ ^ S t ^ 
rately. From the results we can conclude tha each spec e 
ultrastructural aspects during megasporogenesis. Lfam* \™S *J 

somes show a typical ultrastructure anI local zat on^mp ^ ^ 
creasing amount of starch granules in the plastids, wnicn 

other two species. . „Itrastructural changes of the cell 
The differences and similarities in t^ . u l t ^ " o r e jn detail per cell orga-

organelles found in the three species are discussea m s i m i l a r i t i e s a nd 
nelle in chapter 6. In chapter 7 a class^cauon^gwen ot ^ ^ ^ ^ 
differences in different groups^ Some of t h e ^ ^ e x a m i n e d s e e m t o be 
aspects of megasporogenesis between tùe m F e d functi0nal 
specific for the process of meiosis, because of a known o y ^ 
Meded. Landbouwhogeschool Wageningen 78-16(1978) 



relation to this process. The other similarities and all the differences are specific 
for the process of megasporogenesis. The differences can be distinguished in 
species-specific and (developmental) type-specific characteristics. 

The similarities in the ultrastructural aspects of the three species, which are 
related to the process of meiosis, are in the first place found in the develop­
ment of the nuclear chromatin and of the microtubules. The chromatin struc­
ture in the nucleus of each species shows similar ultrastructural changes, owing 
to the different developmental stages. The microtubules have a function in the 
spindle figure. Secondly, the ultrastructural changes of the nuclear envelope, 
the nucleolus, the nucleolus-like bodies in the cytoplasm and the cytoplasmic 
ribosomes show similarities between the three species examined. The undula­
tions of the nuclear envelope, probably caused by a synthesis of new nuclear 
membrane before nuclear division and the sacculation of the inner nuclear 
membrane are probably related to a nucleo-cytoplasmic exchange of informa­
tion, which takes place from nucleus to cytoplasm or vice versa during meiosis. 
The decrease of the number of ribosomes per cytoplasmic area during meiotic 
prophase is related to a low number of nuclear pores and an increase in volume 
of the nucleolus at this stage; the increase of the number of ribosomes per cyto­
plasmic area after metaphase I is related to the disintegration of the nuclear 
envelope before metaphase I and the presence of nucleolus-like bodies in the 
cytoplasm after metaphase I. 

Some similarities related to the process of megasporogenesis are the position 
of the developing megasporocyte in the nucellus, the localization of the plas-
modesmata in the cell-wall and the storage of reserve-food in the cell. The 
developmental changes of the mitochondria, the plastids and the appearance 
of the central vacuole are related to both megasporogenesis and megagameto-
genesis. During megasporogenesis the developing megaspore mother-cell is 
surrounded by nucellus cells and is dependent on these cells for its nutrient-
supply. There seems to be an interaction between the nucellus cells and the 
developing megaspore mother-cell, as a result of which the development of the 
megaspore mother-cell is influenced by the nucellus. A direct contact between 
the megaspore mother-cell and the nucellus cells is found only on the chalazal 
side of the megaspore mother-cell, where plasmodesmata are found in all three 
species examined. On the chalazal side of the nucellar tissue the vascular bundle 
ends and from this side a nutrient transport to the megaspore mother-cell 
takes place, causing a nutrient-gradient in the cell. This nutrient-gradient may 
define the polar distribution of some cell organelles in the cell. In the mega­
sporocyte a storage of reserve-food takes place. The degree of heterotrophy of 
the megasporocyte can be determined by this storage of reserve-food and seems 
to be species-specific. During megasporogenesis the mitochondria and the 
plastids show ultrastructural changes, whereas they return to their original 
ultrastructure during megagametogenesis. The formation of a central vacuole 
during megagametogenesis is also related to the presence of small vacuoles 
during megasporogenesis. 

Apart from these general characteristics of the process of megasporogenesis 
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we can distinguish species-specific and type-specific characteristics of the pro­
cess. The species-specific characteristics are specific differences in the contact 
with the chalazal neighbour nucellus cells and in the reaction of the nucellus 
cells on the presence of the megasporocyte and the developing megagameto-
phyte. The mitochondria and the plastids show specific ultrastructures, whereas 
the storage of reserve-food in the formation of starch and lipid bodies seem to 
be species-specific. The type-specific characteristics are concerned with the 
classification of the process in the bi- and tetrasporic types of development. 
The ultrastructural changes of the dictyosomes and of the endoplasmic reti­
culum, the polar localization of some cell organelles and the degeneration of 
the non-functional cell are specific characteristics related to the type of mega-
sporogenesis. 
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10. SAMENVATTING 

In de hogere planten wordt de ontwikkeling van de vrouwelijke gameto-
phyt - de embryozak - ingeleid door twee op elkaar volgende processen : de 
megasporogenese en de megagametogenese. De megasporogenese is het 
proces waarbij één functionele megaspore wordt gevormd door méiose in één 
bepaalde nucellus cel. Deze functionele megaspore kan één, twee of vier 
haploïde nuclei (respectievelijk volgens het mono-, bi- of tetraspore ont­
wikkelingstype) bevatten, afhankelijk van het feit of er al dan niet een celwand 
wordt gevormd na de eerste en/of de tweede meiotische deling. Als er meerdere 
megasporen zijn gevormd tijdens méiose, degenereren deze tijdens de mega­
sporogenese. De functionele megaspore ontwikkelt zich na een aantal mito­
tische delingen tot de embryozak en dit proces wordt megagametogenese ge­
noemd. De zich ontwikkelende cel wordt tijdens de megasporogenese, mega-
sporocyt of megaspore-moedercel genoemd en vormt de megagametophyt tijdens 
de megagametogenese. 

Tijdens dit onderzoek zijn de ultrastructurele aspecten van de megasporo­
genese bestudeerd met behulp van electronenmicroscopische technieken. In 
eerste instantie lag het in de bedoeling de megasporogenese te bestuderen in 
drie species die elk één van de drie hiervoor genoemde ontwikkel.ngstypen 
representeren. Voor dit doel werden de species Impatiens walleriana Hook./., 
Allium cepa L. en de Lilium hybrida 'Enchantment' bestudeerd welke volgens 
aangehaalde referenties, respectievelijk het mono-, bi- en tetraspore ontwikke­
lingstype te zien zouden geven. Onze waarnemingen brachten echter-voor 
Impatiens een ontwikkeling volgens het bispore type aan het licht, met als ge­
volg dat er twee species met een ontwikkeling volgens het bispore- en een species 
met het tetraspore type zijn onderzocht. . 

Gedurende ons onderzoek zijn de unstructured veranderingen en de 1 g-
ging van de celorganellen in de verschillende ^ ^ ^ ^ ^ t 

Tegelijkertijd zijn gedurende het gehele ^ ^ ^ ^ ^ ^ ^ 
gegevens verzameld over de verschillende celorganellen. Zie bylagen I, II, III, 

^ h o o f d s t u k k e n 3, 4 en 5 zijn afzonderlijk de ^ ^ i Z s t 
van de megasporogenese van respectievelijk Lilium, ̂ « ^ J ^ * 
schreven en besproken. Uit de resultaten hiervan kunnen ™™^™™ 
elke species zun" igen specifieke ^ ^ f ^ ^ ^ ^ ^ S -
megasporogenese. Lilium laat een specifieke vorming ™ J * ° « * 
Plasmatisch reticulum zien, terwijl bij ̂ ^ ^ S ^ t een 
soort kenmerkende ultrastructuur en locatie vertonen ^ b i j d 

toenemende hoeveelheid zetmeelkorrels in de plastiden, een proces DJ 

andere twee soorten niet voorkomt. l l l t r a s t ruc turele veranderingen van 
De verschillen en overeenkomsten " . ^ ^ S ^ e r gedetailleerd be­

de celorganellen die bij de drie species zijn gevonden zijn zee g ^ 
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sproken per celorganel in hoofdstuk 6. In hoofdstuk 7 wordt een classificatie in 
verschillende groepen gegeven van deze overeenkomsten en verschillen. Enkele 
van de overeenkomsten tussen de drie bestudeerde soorten in de ultrastructurele 
aspecten van de megasporogenese schijnen specifiek te zijn voor het proces van 
de méiose, door de bekende of veronderstelde functionele relatie met dit proces. 
De andere overeenkomsten en alle verschillen zijn specifiek voor het proces van 
de megasporogenese. De verschillen kunnen worden onderscheiden naar 
species-specifieke en (ontwikkelings) type-specifieke karakteristieken. 

De overeenkomsten in de ultrastructurele aspecten van de drie species, welke 
gerelateerd zijn aan het proces van de méiose, zijn in eerste instantie gevonden 
bij de ontwikkeling van de kern-chromatine en van de microtubuli. De chro-
matine structuur in de kern vertoont overeenkomstige ultrastructurele ver­
anderingen aan de hand waarvan de verschillende ontwikkelingsstadia van elke 
species zijn vastgelegd. De microtubuli hebben een functie in de spoelfiguur. 
Ten tweede vertonen de ultrastructurele veranderingen van het kernmem­
braan, de nucleolus, de nucleolus-achtige lichaampjes in het cytoplasma en de 
cytoplasmatische ribosomen overeenkomsten bij de drie bestudeerde species. 
De welvingen van het kernmembraan-oppervlak en de blaasvorming van het 
binnenste kernmembraan zijn gerelateerd aan een nucleo-cytoplasmatische 
informatie uitwisseling, welke, van kern naar cytoplasma of omgekeerd, plaats­
vindt tijdens de méiose. De afname van het aantal ribosomen per cytoplasma-
tisch gebied gedurende de profase van de méiose staat in relatie met een laag 
aantal kernporen en een volumetoename van de nucellus in dit stadium; de 
toename van het aantal ribosomen per cytoplasmatisch gebied na de metafase I 
is gerelateerd aan de desintegratie van de kernmembraan vóór metafase I en de 
aanwezigheid van nucleolus-achtige lichamen in het cytoplasma na metafase I. 

Enkele van de overeenkomsten die gerelateerd zijn aan het proces van de 
megasporogenese zijn de positie van de zich ontwikkelende megasporocyt in 
de nucellus, de lokalisatie van de plasmodesmata in de celwand en de opslag 
van reserve voedsel in de cel. De ontwikkeling van de veranderingen in de mito­
chondria, de plastiden en het voorkomen van de centrale vacuole zijn zowel aan 
de megasporogenese als aan de megagametogenese gerelateerd. Gedurende de 
megasporogenese wordt de megaspore-moedercel omgeven door nucellus-
cellen en zij is voor haar voedselvoorziening van deze cellen afhankelijk. Er 
schijnt een interactie te bestaan tussen de nucellus cellen en de megaspore-
moedercel, met als resultaat, dat de ontwikkeling van de megaspore-moedercel 
door de nucellus wordt beïnvloed. Aan de kant van de chalaza van de mega­
spore-moedercel wordt een direct contact aangetroffen tussen de megaspore-
moedercel en de nucellus cellen ; hier worden bij alle drie de onderzochte species 
plasmodesmata gevonden. Aan de chalaza kant van het nucellusweefsel eindigt 
de vaatbundel en vanaf deze kant vindt een voedseltransport naar de megaspore-
moedercel plaats dat een voedingsgradiënt veroorzaakt in de cel. Deze gradiënt 
kan de polaire verdeling van enkele celorganel typen in de cel mede bepalen. 
De mate van heterotrofïe van de megasporocyt kan worden bepaald aan de 
hand van deze opslag van reservevoedsel en schijnt voor elke species specifiek 
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te zijn. Gedurende de megasporogenese vertonen de mitochondriën en de plas-
tiden ultrastructurele veranderingen, terwijl ze gedurende de megagametogene-
se weer terugkeren naar hun oorspronkelijke ultrastructüur. De vorming van 
een centrale vacuole gedurende de megagametogenese is ook gerelateerd aan de 
aanwezigheid van kleine vacuolen tijdens de megasporogenese. 

Naast deze voornaamste kenmerken van het proces van de megasporogenese 
kunnen we species-specifieke en type-specifieke kenmerken van het proces 
onderscheiden. De species-specifieke kenmerken vertonen specifieke verschil­
len in het contact met de aanliggende nucellus cellen aan de kant van de chalaza 
en de reactie van de nucellus cellen op de aanwezigheid van de megasporocyt en 
de zich ontwikkelende megagametophyt. De mitochondriën en de plastiden 
hebben specifieke ultrastructuren, terwijl de opslag van reservevoedsel in de 
vorming van zetmeel en vetten species-specifiek schijnt te zijn. De type-speci­
fieke kenmerken zijn beschouwd aan de hand van de onderverdeling van het 
proces in een bi- en een tetraspore ontwikkelings type. 

De ultrastructurele veranderingen van de dictyosomen en van het endo­
plasmatisch reticulum, de polaire lokalisatie van sommige celorganel typen en 
de degeneratie van de niet-functionele cel zijn specifieke kenmerken, gerelateerd 
aan het ontwikkelingstype van de megasporogenese. 
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ENCLOSURE I. Detailed survey of the most important morphological changes of the various 
cell organelles and structures during megasporogenesis and megagametogenesis in Lilium. 
1 and 2 : nuclei at micropylar pole. 
3 and 4 : nuclei at chalazal pole. 

ENCLOSURE II. Detailed survey of the most important morphological changes of the various 
cell organelles and structures during megasporogenesis and early megagametogenesis in 
Allium. 
1 : micropylar cell a : micropylar side c : transverse-wall 
2 : chalazal cell b : chalazal side d : locally transverse-wall 

ENCLOSURE III. Detailed survey of the most important morphological changes of the various 
cell organelles and structures during megasporogenesis and megagametogenesis in Impatiens. 
1: micropylar cell a: micropylar side 
2 : chalazal cell b : chalazal side. 

ENCLOSURE IV. IV A. Distribution of a number of cell organelles within the cytoplasm during 
megasporogenesis and early megagametogenesis in Lilium. 
IV B. Distribution of a number of cell organelles within the cytoplasm during megasporoge­
nesis and early megagametogenesis in Allium. 
IV C. Distribution of a number of cell organelles within the cytoplasm during megasporoge­
nesis and early megagametogenesis in Impatiens. 
In IVA, B and C the micropylar side is always at the top of the cells. 

ENCLOSURE V. Survey of the quantitative data of the most important morphological features 
during megasporogenesis and megagametogenesis in Impatiens, Allium and Lilium. This 
figure is composed of the figures 4, 16 and 27.2 NUCL m for Impatiens and Allium is com­
parable with 4 NUCL st. for Lilium. See 2.2.5. for the methods used for measuring and 
counting the various cell organelles. 

a) filled block represents 12,5 square pm. 
b) filled block represents 80 square pm 
c) filled block represents 300 square pm 
d) filled blocks represent 500 ribosomes/0,6 square pm cytoplasm 
e) filled blocks represent 15 polysomes/0,6 square pm cytoplasm 
f) filled block represents Q = 5 
g) filled blocks represent 7,5 dictyosomes/150 points cytoplasm 
h) filled block represents 7,5 dictyosomes/50 points cytoplasm 
i) filled blocks represent 50 points/150 points cytoplasm 
k) filled block represents 50 points/50 points cytoplasm 
1) filled blocks represent 50 mitochondria/150 points cytoplasm 
m) filled block represents 50 mitochondria/50 points cytoplasm 
n) filled blocks represent 10 plastids/150 points cytoplasm 
o) filled block represents 10 plastids/50 points cytoplasm 
p) filled block represents 5 points/50 points cytoplasm 
q) filled blocks represent 0,5 pm 
r) filled blocks represent 2500 points cytoplasm (± 8.000 x ) 
s) filled block represents 2500 points cytoplasm (± 2.500 x ) 
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Enclosure III 

IMPATIENS walleriana 

cel l s ize in um (L x W) 
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e lect ron-dense vacuoles 
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central vacuole 

p lasma membrane 

paramura l bodies 
transverse walls: 

m i tochondr ia 

p last ids 

l ip id bodies • o o fö ö& * • 
p lasmodesmata 2=E 
cel l -wal l th ickness in urn 0.12 0.14 0.18 0.19 0.29 0.33 0.16 0.18 

cellplate 

Ml 

'DV 

ormation 

^ l l l l 0 ' 2 0 0.24 

t ransverse wal l 

0 .2-0.65 

0.22 

t ransverse wal l 

0 .3-0.32 

0.2 

m ic ropy lar wa l l 

0 .65-1.2 

0.27 0.43 0.45 



organelle distribution during megasporogenesis in Lilium 
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cellorganelle distribution in Allium cepa during 
megasporogenesis and early 
megagametogenesis 

PACH DIPL METAPH 1 

ztlcell-wall 

>plasmodesma 

• lipid bodies 

• el-dense vacuoles 

• el-transi vacuoles 

® transformation of 
mitochondrion 

— dictyosomes 

1 mm.= 1jjm 

IV B 



Enclosure IV 

cellorganelle distribution in Impatiens walleriana during 
megasporogenesis and early 
megagametogenesis 

AMC LEP ZYG PACH 

DIPL METAPH 1 EARLY TELOPH TELOPH 

^plasmodesma 

• lipid bodies 

• el-dense vacuoles 

D clear vacuoles 

IV C 

4 NUCLE 

• mitochondria 

— dictyosomes 

1 mm. = 1 urn 
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quantitativ« approach 
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