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ULTRASTRUCTURAL ASPECTS 

INTRODUCTION 

The relationships between some components of the 

embryo sac of Cortaderia juhata could not be resolved with 

certainty by light microscopy. It was, therefore, thought 

desirable to study the material at the ultrastructural 

level. In any event, very few electron microscope studies 

have been made of the megagarnetogenesis of angiosp~rms and 

none at all of an apomictic species. 

It was not int~nded to study the developmental 

sequence of events at the ultrastructural level, but rather 

to compare the fine structure of the various components of 

the mature embryo sac at about the time the egg cell begins' 

actively to divide. In particular! the rela-tion between the 

synergid, haustorium and egg cell was studied. 

As has already been stated, difficulties encountered 

in the preparation of material for this investigation have 

seriously reduced the number of specimens available for 

ultrastructural study. Successfully prepared material from 

glutaraldehyde or acrolein fixation was used firstly for 

optical microscopic study to elucidate the process of 

apomixis in this species. Consequently, an ample number of 

specimens for the electron microscope has not been available 

and at times micrographs illustrating important stages have 

not always been of the desired quality. 



1. NUCELLAR DEGENERATION 

An early accompaniment to embryo sac development is 

the initiation o~ changes to a number of nucellar cells 

which will lead eventually to their complete dissolution. 

In Coy>tader~ jubata, nucellar degradation is particularly 

vigorous so that the enlarging embr.yo sacs usually appear 
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in the early stages to be immersed in a common cavity of 

liquid which is surrounded by areas of tissue in varying 

stages of cellular breakdown. While certain somatic cells 

enlarge, others of the same tissue show the first signs of 

degradation and these are often cells which are not adjacent 

to the potential embryo sac cells. It would appear that the 

genesis of somatic embryo sacs on the one hand goes hand in 

hand with a form of "programmed cell death" on the other. 

While the beginnings of nucellar breakdown appear 

early in the development of the nucellus, a number of 

different cell types are recognisable within its tissues. 

The epidermal cells which surround the nucellus as far as 

the base of the inner integument are rectangular in shape 

and are covered in a cuticular "layer which is continuous with 

that of the inner integ~ent (Fig. 45). Near the micropyle, 

internal cells which do not enlarge as embryo sacs mostly 

degenerate, so that the sacs come to be adjacent to the 

nucellar epidermis. Degeneration is also particularly heavy 

in the chalazal tissue of the nucellu~ and this process of 

cell degradation will be described presently. In this 

region normal parenchyma cells, de0enerating cells and 

enlarging, differentiating cells occur together in localized 

areas, but the pattern Of their distribution is irregular. 



La"terally and below the embryo sacs some groups of cells 

enlarge (Fig. 47), but do not proceed further, as d~ a few 

potential somatic embryo sacs, in which continued enlarge

ment is accompanied by nuclear divisions. In addition to 

these groups "of enlarged cells, blocks of smaller cells 
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with a den~e appearance are frequent (Fig. 46). Their 

cytoplasm is rich in ribosomes. Mitochondria and plastids, 

usually without starch granules, are in moderate amounts, 

and endoplasmic reticulum is represented as single strands 

of rough cisternae in fairly small amounts. Some cells show 

the presence of bodies, fairly large and somewhat oval in 

shape, bounded by a single membrane, and containing, apart 

from a number of scattered fibrils, only a crescent-shaped, 

moderately electron-dense fibrillar mass. These are 

probably protein bodies (Fig. 46b) similar to those recorded 

in nucellar cells in EuphoY'bia helioscopa" (Gori, 1975) and 

perhaps to the protein bodies in tracheids of the parasite 

EXOCaxpUB bidbJillii (B.A. Fineran, pers. comm.). The typically 

highly lobed nucleus occupies a large part of the cell. 

The nucleolus is often associated with chromosomal material 

as found in nucellar nuclei during embryogeny in barley 

(Norstog, 1974). These cells are readily subject to 

degradation tFig. 46). 

Groups of thick-walled cells occur among those 

previously described, and appear to retain their cellular 

integrity longer (Fig. 47). Ultrastructurally, their 

cytoplasm contains many profiles of dilated, rough 

endoplasmic reticulum or stacks of flattened, cisternal 

endoplasmic reticulum. The "nuclei of these cells are also 

distinctly lobed and their nucleoli are typically surrounded 



bya zone of free chrom~tin, giving a slight halo effect 

(Fig. 47) ' . 
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In some cases a peculiar feature of the walls of 

these cells is ~he presence in the outer layer of the wall 

immediately outside the plasmalemma, of a row of small 

vesicles, sub-circular when cut transversely and having a 

more elongate appearance when sectioned obliquely (Fig. 48)_ 

In older nucellar cells showing this feature, the structure, 

takes on the ~ppearance of a fretwork of wall material 

apparently linked to the cytoplasm (Fig. 49). The nature 

and function of this structure are unknown, but the 

suggestion is made that such cells could be incipient embryo 

sacs and the wall sculpturing early stages in the develop

ment of transfer wall ingrowths. On the other hand, they 

could indicate the initiation of wall degeneration, 

resulting in the · separation of fibrillar components, as 

illustrated in Figur.e 63. 

One of the first indications of the onset of 

degeneration is the separation of .the two membranes of the 

nuclear envelope (Fig. 50), at first along only small 

sectors of the periphery (as seen in section) but later 

increasing and widening to produce broad cisternae, which 

may appear as extensive "vacuoles" within the cytoplasm, 

particularly as the area is bounded by a single membrane 

(Fig. 51). Characteristically these cisternae are somewhat 

angular in outline and always contain inclusions, some of 

which at least would appear to originate from the inner 

nuclear material itself (Figs 52-57). Inclusions also 

appear to be formed by invaginations of the outer nuclear 

membrane, both near the point of separation at the nucleus 



and within cisternae in the body of the cytoplasm. Dark 

patches of condensed chromatin enlarge by coalescence 
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while the fibrillar nature of the nucleoplasm progressively 

becomes less obvious (Fig. 57). The outer surface of the 

nucleus may be heavily covered with ribosomes. in some cases 

but this se,ems to be a variable feature as in other cases 

this covering would appear to be sparse. 

Vacuoles are fairly small at first but generally 

become larger and more numerous as degradation progresses. 

Degenerating cells show increasingly large vacuolar spaces 

but it is not ' always possible to differentiate between such 

ar~as having originated as cisternae from the nuclear 

envelope after the onset of degradation or as proliferations 

of normal vacuoles from the normally functioning cell 

(Fig. 58). 

In some cases, the membranes of the nuclear envelope 

remain more or less closely parallel as in the normal state 

but the nucleus becomes obviously associated with loop~ and 

diverticula of the endoplasmic reticulum which may range 

over the cell and appear in section as ramifications of both 

cisternal and tubular endoplasmic reticulum (Figs 59, 60). 

Cells bordering an area of degradation, which usually occurs 

massively below the embryo sac region, are apparently 

subject to lytic enzymes and present a generalized and 

extensive breakdown face. This region contains detritus 

and cellular fragments in addition to the more degraded 

soluble material, the whole forming the "nucellar lysate" 

(Fig. 61), to use a term of Norstog. When a cell not in 

direct contact with the eroding front undergoes degradation 

the end product is somewhat different, as the degenerated 
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cellular contents are retained within the walls, which 

sometimes do not show a great deal of breakdown (Fig.-62). 

At other times, wall degradation proceeds in step, with 

cytoplasmic, and the fibrous nature of the wall is exposed, 

perhaps by the removal of binding compounds and the 

consequent loosening of components (Fig. 63). Loops of 

endoplasmic reticulum may surround areas of cytoplasm, 

these sometimes containing one or several organelles 

(Fig. 64), and then separation of the endoplasmic reticulum 

membranes occurs, eventually resulting in complete 

fragmentation of the cell and lysis of enclosed cytoplasm 

and contents (Fig. 65). Small vacuoles would appear to 

coalesce or become incorporated into a widening system of 

cisternae emanating from the nuclear envelope. Mitochondria 

appear to remain functional until quite an advanced state of 

cellular digestion but eventually their sharp outline and 

internal structure fade and dense electron opaque droplets 

or deposits appear around the inner edge of the organelles. 

The appearance of this electron dense substance, whose 

composition is unknown, is always associated with cell 

degradation in this material and its abundance is a sure 

indication of advancing breakdown. Actually, a dense 

substance may be identified in the perinuclear space and 

these small, opaque granules are visible while the cell 

still apparently retains much of its integrity (Fig. 66). 

With advancing degradation the electron dense droplets 

enlarge and coalesce and appear to be present on both the 

inner and outer surfaces of the degenerating organelles, 

in both the tubular and cisternal endoplasmic reticulum 

and/or vacuoles, and outside the plasma membrane adjacent 
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to the degenerating cell wall. The ,ultimate form of this 

apparent product of degeneration is unknown, but the range 

of size and shape of droplets of this substance and the 

fairly general presence of lipid-like bodies in this region, 

would make it a possibility that this substance is lipoidal 

in nature. 

Cells in advanced stages of breakdown show typically 

a nucleus barely recognizable in form and'outline with 

heavily condensed chromatin which later disappears so that 

the whole area is chaotic in its mixture of fragments and 

s_hapes of differing electron density (Figs 63, 65). With 

the eventual disappearance of even these fragments, the' 

cell, if still retaining its form, is filled with a network 

of small vacuoles suspended apparently in a fibrous matrix 

(Fig. 67), which in turn is subject to lysis and disappearso 

Discussion 

The nucellus of C. jubata has been seen in this work 

to be a tissue of considerable diversity and interest, 

warranting further study. The process of nucellar breakdown 

in particular offers a subject of great interest histo

chemically and is obviously one of some complexity. Only 

some of the steps could be studied in this work, and ·then 

only as regards morphological changes undergone by cell 

components. 

Despite thG appearance of a relatively 

undifferentiated tissue, the nucellar cells do show some 

differentation at the optical level, and this is upheld 

at higher magnifications. In the nucellus of barley during 

embryogenesis two types of cell could be identified (Norstog, 



56 

1974) and in both barley (Norstog, 1974) and cotton (Jensen, 

1965c), lobed nuclei have been noted. It is believed that 

the lobed nuclei are involved in secretory processes, as 

in cells of nectaries and hydathodes (Perrin and Zandonella, 

1971). They are a common feature of nucellar and 

integumentary cells and of the cells 6f the embryo sac in 

c. jubata.. 

In an electron microscopic study of the nucellus' 

cells in the apomictic grass BothPioahZoa ischaemwn, Moskova 

(1975) ,concludes that the undegenerate nucellar cells do 

not show great differences at the ultrastructural level, 

in agreement with the conclusions of Jensen (1965c) and 

Vazart and Vazart (1965). Moskova lists nucellar cell 

characteristics in this grass as: (1) the weakly developed 

endoplasmic reticulum, (2) relatively low density of 

hyaloplasm in which ribosomes appear as indistinct 

polysomes, (3) relatively small size of the nucleolus, 

(4) predominance of the fibro6~ complex in the nucleolus, 

and (5) the presence of large vacuoles. The interesting 

peculiarity of dilated sectors between the two membranes 

of the nuclear envelope, and the presence of lipid bodies 

in them, is given special mention. While some of the 

characters listed are applicable to nucellar cells of 

C. jubata, more especially nucellar epidermal cells, other 

features are in contrast. For example, the endoplasmic 

reticulum system is, in most nucellar cells, well developed, 

usually in the form of dilated, rough endoplasmic reticulum. 

Ribosomes are more or less conf ined to membrane surfaces, 

and nucleoli are relatively well developed. 

Moskova reports that observations have been made 
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which indicate that the dilatation of the space between 

membranes of the nuclear envelope can be connected with 

high metabolic activity. Such dilatations are described 

by Jensen (1965b) in the polar nuclei of the mature embryo 

sac of Gossypiwn and by Nagl (1974) in the nucleus of the 

suspensor cells of Phaseolus vulgaris. Such dilatations of 

the nuclear envelope were also observed by Moskova in the 

polar nucleus of the somatic embryo sac of BothJ:.ioohloa 

and in developing pollen of TPadescantia bracteata by Mepham 

and Lane (1970). In the pre-mitotic microspore of 

Trade soan tia where nuclear merr~ranes may become grossly 

dilated, vesicles which had arisen by evagination of the 

inner nuclear membrane were observed to lie in the 

perinuclear space. From there, the vesicles were extruded 

to the microspore cytoplasm by evagination of the outer 

nuclear membrane. Such vesicles were double-membrane bound 

and presumably were associated with a cellular state of high 

metabolic activity and not with a degenerative one, as 

described in the present study. As the authors suggest, the 

function of the double-membran~ bound vesicles may well be 

to transfer genetic information from the chromosomes to 

cytoplasmic sites of protein synthesis. The possibility of 

the separation of the nuclear membranes in this case has 

been suggested by Hepham and Lane to be an artifact of. 

dehydration, based on information supplied to them by 

Fineran. 

According to Moskova (1974) the existence of dilated 

segments.between the two membranes of the nuclear envelope 

could also be linked with senescence of the nuclei preceding 
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their degeneration. The degenerative process in-nuclei 

taking place as a result of necrosis (Vasiljev and Plisko, 

1973), is generally accompanied by di la"tations of the 
Cir 

nuclear envelope: such dila~ons, with the advancement of 

the process, in some cases become as large as average sized 

vacuoles (Moskova, 1974), and have been observed during 

degeneration of endothelial cells in Linwn cathaT'tiaum 

(Deschamps, 1973). The observation of lipid bodies in the 

dilated sectors of the nuclear envelope is postulated by 

Moskova as representing a case of local autolysis. As it 

has been shown that the hydrolase enzymes exist not only 

in vacuoles (Poux, 1963) but- also in the canals of-the 

endoplasmic reticulum (Gahan and McLean, 1969) it appears 

a reasonable suggestion that at times the space between the 

nuclear membranes, which is continuous with the endoplasmic 

reticulum system, may be involved in autolytic activity. 

It is of interest to note that in this case the product of 

autolysis appears to be lipid, and as many ultrastructural 

studies have shown, lipid bodies are usually closely 

associated with rough endoplasmic reticulum cisternae. In 

a fine structural study of endosperm of Quercus gambelii, 

Singh and Mogensen (1975) have described the onset of 

degenerative processes, involving separation of the 

membranes of the nuclear envelope r and the appearance o,f 

electron dense droplets between separating outer membranes 

of mitochondria. Such observations are similar to those 

recorded for nucellar breakdown in this study. 

The process of degradation involving the nuclear 

envelope and associated perinuclear vesicles is of 

particular interest. The separation- of the outer nuclear 
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membrane from the inner has been reported in the degradation 

of the persistent synergid in ~reus (Mogensen, 1972), where 

small vacuoles and vesicles containing ribosomes were found 

between the inner and outer nuclear membranes. Although 

the author makes no comment on the origin of the vesicles, 

his figure would suggest that one vesicle, at least~ is. 

originating from the inner nuclear membrane. 

Lombardo et az.. (1970) describe cell alterations in 

white clover affected by clover dwarf in which dilatations· 

of the perinuclear space occur and there is an appearance 

of round or oval particles with high ribosomal content~ 

delimited by a ribosome-bearing membrane. Their micrographs 

all indicate that these ribosomes are borne on the inner 

surface of the delimiting membrane and the authors state 

that the content of mycoplasma-like bodies seen in the 

cytoplasm is .hardly distinguishable from cytoplasmic 

content, so that the possibility cannot be excluded that 

they are degenerative parts of the cytoplasm. One 

illust:;:-ation clearly indicates a mycoplasma-like body in 

the perinuclear space attached to the nucleus and the 

delimiting membrane continuous with the inner nuclear 

membrane. 

Separatiun of the nuclear membranes of nucellar cells 

undergoing degeneration during embryogenesis in the 

Cruciferous species DipZ.otaxis erucoides has been reported by 

Pacini et az.. (1975). In this species degeneration of the 

nucellus is initiated by dilatations of the endoplasmic 

reticulum and an increased number of connections with the 

nuclear membrane. Enlarging endoplasmic reticulum 



60 

o. 

dilatations eventually fuse and the cytoplasm is divided 

into many membrane-bound fragments. These fragments contain 

ribosomes and sometimes dictyosomes and mitochondria. ~The 

authors report that connections between the dilated 

endoplasmic reticulum and the nuclear membrane are often 

so ample that at their level the nucleus seems delimited by 

one simple membrane. Also, no change seems to occur in the 

nucleoplasm and the presence of numerous small membrane':'" 

bound bodies in the dilated cisternae is apparently 

attributed solely to- their development from endoplasmic 

reticulum-mediated fragmentation of the cytoplasm. 

In a report emphasizing the similarity of vesicular 

structures in immature sieve tube elements of the midvein 

of leaves in Prunus pe.rsica to mycoplasma-like bodies causing 

yellows-type disease (Florance and Cameron, 1974), the 

origin of vesicles similar to ,those described in the 

synergid degeneration of Quercus and to those commonly 

observed in nucellar degeneration of Cortaderia (both in 

the sexual and asexual forms) has been depicted. The 

separation of the outer membrane of the nuclear envelope 

into expanded cisternae and the presence of vesicles within 

these cisternae, and in expanded endoplasmic reticulum 

cisternae l is very similar to the situation in Quercus, in 

whi te clover and in Cortaderia. Serial sections indicate 

the formation of such vesicles through invagination of 'the 

cisternal endoplasmic reticulum membranes, but again their 

formation from the inner nuclear membrane is not depicted 

nor reported. In cortaderia it seems fairly certain that 

evagination of the inner nuclear membrane into the" expanded 

cisternae formed by the separation of the outer nuclear 
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membrane, is a common occurrence in the degeneration process 

and that the vesicle-s so formed are unit membrane bound, 

wi th contents similar to those described in PrunU8 pe'Y'sica. 

Florance and Cameron (1974) show that the vesicular bodies 

they describe, which can be confused with or interpreted as 

mycoplasma-like bodies, are associated with changes during 

differentiation of sieve tube elem~nts and phloem parenchyma 

cells. During differentiation of young sieve tube elements 

there is disintegration of the nucleus, slime bodies and 

tonoplast with degenerative changes in other organelles. 

It is at this young stage of differentiation with 

concomitant degeneration that the vesicles make their 

appearance. In the mature sieve tube elements and 

parenchyma cells they cannot be found. In the case of Que1'eu8 

i~ is dur~ng the process of degeneration of the persistent 

synergid that similar bodies have been described. In white 

clover they are associated with degenerative changes in 

phloem parenchyma and companion cells due to infectio~ by 

clover dwarf, and in C01'taderia they are seen as part of the 

process of degradation of the nucellar nucleus. 

The endoplasmic reticulum and the outer membrane of 

the nuclear envelope are generally accepted to be homologous 

structures, but the inner nuclear membrane is considered a 

separate entity (Morre and Mollenhauer: 1974). It is closely 

associated with the peripheral chromatin in the interphase 

nucleus, and appears to function- in the -control of 

transcription, contains cytochrome oxidase and is in many 

ways analogous to the cell membrane of prokaryotes and to 

the inner membrane systems of eukaryotic organelles. The 

itpinching off" of vesicles from the inner nuclear membrane 
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Fig. 45 

Nucellar epidermal cells adjacent to the inner integument, 

with large nuclei and rather sparse organelles. The outer 

surface of both epidermis and integument is covered by a 

cuticle (arrows). ,X 7360. 
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Fig'.' -46a, b. 

Nucellar cells in a region which undergoes rapid 

degeneration. Nuclei are irregularly lobed and 

nucleoli often" show attachment to chromosomal material. 

Endoplasmic reticulum occurs mostly as single strands of 

flattened rough cisternae. In Fig. 46b large single

membrane bound bodies contain crescent-shaped masses of 

fibrillar material. They are probably protein bodies. 

a, X 10624; b , X 9977. 

ER Endoplasmic reticulum 

II Inner integument 

N Nucleus 

NE Nucellar epidermal cell 

NL Nucleolus 

NM Nucleoplasm 

PB Protein body 
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Fiq.47 

Large nucellar" cells which occur in groups among smaller 

cells of the same tissue. Nuclei are typically lobed and 

nucleoli often show a halo area clear of heterochromatin. 

Endoplasmic reticulum may be flattened cisternae or more 

dilated profiles. Ribosomes are numerous and attached to 

membrane surfaces. Mitochondria are polymorphic and show 

a well organised internal structure of randomly arranged 

short cristae and a few mitochondrial ribosomes. 

Plasmodesmata occur in the walls and lipid bodies in the 

cytoplasm. X 12800. 

ER Endoplasmic reticulum (cisternal and dilated) 

He Heterochromatin 

L Lipid body 

M M~tochondrion 

N Nucleus 

PD Plasmodesmata 

* Area clear of chromatin 
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Fig. ' 48 , 

"Wall vesicles" (arrows) in large nucellar cells. 

Mitochondria are numerous and appear to be metabolically 

active in these cells, but dictyosomes are scarce. 

X 17600. 

Fig. 49 

Enlarged nucellus cell with more advanced wall "fretwork" 

structure than in Fig. 48. The "fretwork" in the adjacent 

cell next to the embryo sac is undergoing degeneration. 

X 22880.-

ER Rough endoplasmic reticulum (cisternal and dilated) 

M Mitochondrion 

Arrows "Wall vesicles" 
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Fi°g'. 50 

Nuclei ·of cells showing incipient degeneration have 

heteroqhromatin becoming heavily condensed. Cells 1 and 

2 show early stages in the separation of membranes 

(arrows) (in surface view in one instance, with . asterisk) • 

Ribosomes are present in the cytoplasm in varying numbers 

in the two cells, either free or as polysomes. 

Dictyosomes ~ith vesicles, mitochondria, multivesicular 

bodies and vacuoles also occur. In cell 4, islands of 

cytoplasm pinched off by endoplasmic reticulum are 

enclo~ed in a vacuole. .One contains a mitochondrion. 

In· ceil"' °1 ·:a lipid body is closely associated or enclosed 

by the membranes of the nuclear envelope. X 14512. 

D Dictyosome 

M Mitochondrion 

N Nucleus 

R Ribosomes 

V Vacuole 

X Multivesicular body 
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Fig.: '51 

A· nucleus of a ;nucellar cell in the early stages of 

degeneration. T.h'e ,s-eparating nuclear membranes (arrow) 
"1 ,- • 

contain inclusions, and a profile of dilated rough 
J - • ' 

. endoplasmic retictllwu with inclusions lies near the 

cell boundary. Remnants of organelles and islands of 

cytoplasm occur in a vacuole. Mitochondria, one with 

deposits and all of complex structure, are present in 

the cytoplasm, as are ribosomes and dictyosornes (one 

in face view). X 7483. 

D Dictyosorne 

ER Rough dilated endoplasmic ret-iculup1, with 

inclusions 

He Heterochromatin 

M ,Mitochondrion 

V Vacuole 
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Fig. 52 

Extensive separation of nuclear membranes into broad 

cisternae with inclusions, some, at least, derived by 

evaginations of the inner nuclear membrane (see also 

Figs 53-58). Heterochromatin is heavily condensed. 

Nuclear pores are indicated at sites where separation of 

membranes is prevented. The nucleolus still appears 

normal, vacuolization of the cytoplasm is extensive and 

organelles are becoming less well defined. Multivesicular 

bodies are present in the degenerating lower cell, and in 

the cell at the top, clumping of degenerate organelles is 

well advanced. X 15600. 

He Heterochromatin 

NL Nucleolus 

NP Nuclear pore 

X Multivesicular body 

* Cisternae between nuclear membranes. 
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Fig. 53 

Nuclear detail of Fig. 52. Evagihations of the inner 

nuclear membrane and inclusions in cisternae produced 

by separation of inner and outer membranes. X 28600. 

Fig. 54 

Further detail -'of Fig. 52. Invagination of the outer 

nuclear membrane. X 28600. 

INM Inner nuclear membrane 

NP Nuclear pore 

ONM Outer nuclear membrane 

Arrow Invagination of outer nuclear membrane 

* Evagination of inner nuclear membrane 
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Figs 55+ and '56 

Degenerating nucellar cell. Evaginations of the inner 

nuclear membrane, other low density inclusions , (presumably 

of similar origin) and heavily osmiophilic bodies 

(possibly lipoid in nature) in cisternae formed between 

nuclear membranes. Ribosomes occur on the nuclear surface 

and dictyosomes are actively producing vesicles in the 

cytoplasm of cell 2. 

In cell 1, a multivesicular body appears to be engulfed 

by an invagination of the outer nuclear membrane, a 

mitochondrion shows granules and an interior mainly of 

fibrils: An engulfed island of cytoplasm lies in a 

vacuole in cell.3. 55, X 14160; 56, X 25960; 

+ Cracked plate. 

C Engulfed cytoplasm 

M Mitochondrion 

NP Nuclear pore 

OB Osmiophilic body 

X Multivesicular body 

Arrows Cisternae formed between nuclear membranes 

* Evagination of inner nuclear membrane 
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Fig~ 57 

A nucleus from a nucellar cell in an advanced state of 

degeneration. Heterochromatin is heavily condensed and 

evaginations are being produced from the inner nuclear 

membrane. X 23800. 

Fig. 58 

Late stage in nucellar degeneration. The nucleus is now 

of low electron density with a faint impression of 

heterochromatin or perhaps the nucleolus. Several bodies 

are arising as evaginations from the inner nuclear membrane, 

while others ori~inate from the outer nuclear meIT~rane and 

fill the cisternae between the two. Mitochondria have 

reduced structure and some show osmiophilic droplets on 

the surface. Similar organelle-like bodies with electron 

dense droplets associated with their outlines occur in 

adjacent cells, and a row of electron dense droplets 

follows the boundary of the cells adjacent to the wall 

which is ,now mainly electron transparent and showing 

very little structure. X 10560. 

C Cytoplasm 

He Heterochromatin 

N Nucleus 

OB Line of osmiophilic bodies 

Arrows Invaginations of outer nuclear membrane 

* Evaginations of inner nuclear membrane 
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Figs 59' and 60 

Nucellar cells adjoining an area of heavy degradation. 

Nuclear envelope shows continuity with endoplasmic 

reticulum in the cytoplasm. 

Nuclear lobe (Fig. 60) with membrane extensions partly 

surrounding mitochondria. Dark particles are visible in 
the perinuclear space. 59, X 22360; 60, X 23456. 

LN Lobe of nucleus 

M Mitochondrion 

N Nucleus 

* Continuity of outer nuclear membrane with ER 
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Fig. 61a,b 

The last remnants of nucellar ' dissolution (nucellar lysate) 

in the area surrounding actively developing embryo sacs. 

Mitochondria have retained their shape but their internal 

structure has faded. Heavily osmiophilic bodies are 

associated with them and also with vesicles of much smaller 

size and sometimes irregular shape. Fragments of cytoplasm 

contain vacuoles filled with contents undergoing lysis. 

These are functioning as autophagic vacuoles. X 15980. 

Fig. 62 

A portion of an embryo sac.(lower right), with a wall 

ingrowth and a few organelles in the peripheral cytoplasm. 

Adjacent are nucellar cells in various stages of 

degeneration, the most advanced located with one nucellus 

cell between it and the embryo sac. , Few organelles are 

recognisable in this final stage, only starch-bearing 

plastids and numerous vacuoles filled with fibrillar 

contents. X 6840. 

AV Autophagic vacuole 

CC Central cell 

DNU Degenerating nucellar cell 

M Mitochondrion 

OB Osmiophilic body 

P Plastid with starch granule 

V Vacuole 
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Fig. 63 

Extensive degeneration reduces the' cell wall structure to 

an open network of fibres. Cytoplasm is modified to a 

central mass in which remnants of degradation are being 

subjected to final dissolution by enlarging vacuolar 

areas. X 12000. 

Fig. 64 

Nucellar cells possibly undergoing fragmentation by 

sequestration of the cytoplasm by endoplasmic reticulum 

membranes. One such enclosed area contains three 

mitochondria and a moderately electron dense deposit 

(arrows). X 5760. 

Fig~ 65 

Extensive nucellar degradation close'to an embryo sac. 

Walls between the cells are disappearing and cytoplasm 

is becoming highly vacuolate after fragmentation and 

lysis of cell components. X 5760. 

DC Degenerati~g cytoplasm 

Black arrow Degenerate wa}l 

Open arrow Area of cytoplasm enclosed by ER 

* Electron-transparent wall areas 
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Fig. 66 

Small osmiophilic particles in the perinuclear space of a 

degenerating nucellus cell (arrows). X 10560. 

Fig. 67 

Small vacuoles retained in a matrix of fibrillar material 

before final cell dissolution. X 12540. 

DN Degenerating nucleus 
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by evagination would appear to accredit this membrane 

with a new function, and the evidence presented here of 

fragmentation of nucellar nuclei with the production of 

a large number of vesicles from the nuclear membrane would 

appear to substantiate this suggestion. 

2. THE APOMICTIC EGG 

62 

The apomictic egg, like the sexual eggs of genera 

studied ul trastructurally (Gossypiwn, Jensen, 1965b; Linwn, 

Vazart and Vazart, 1966, 1969; Zea, Diboll and,Larsen, 1966; 

CapseUa, Schulz and Jensen, 1968b; Petunia, van Went, 1970; 

Hordeum, Cass and Jensen, 1970; Quercus, Mogensen, 1970;, 

Helianthus, Newcomb, 1973; Plwnbago, Cass and Karas, 1974; 

Stipa, Maze and Lin, 1957) is closely associated with the 

synergid arid the central cell nucleus. When the usual 

coagulant fixatives of classical embryology are employed, 

however, the egg appears as a separ~te entity from the 

other cells at the micropylar end of the embryo sac. 

When the egg is approaching the mature stage prior to 

its first divisions in embryogenesis, it is a large cell, 

somewhat pear-shaped, with the broader end projecting into 

the central cell, and the area of attachment to the embryo 

sac flattened out in a pedestal-like manner (Figs 13, 165). 

The cell is highly vacuolate when mature, especially at the 

chalazal end and with the nucleus located slightly below the 

centre. The nucleus contains a large electron-dense 

nucleolus and nucleoplasm exhibiting an overall, moderately 

dense appearance of a granulofibrillar nature with 

practically no condensed chromatin (Fig. 69). In some 

instances, the nucleoplasm appears to exhibit a certain 
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zonation - an irregular.inner zone faintly bounded by 

fibrils or linearly-arranged granules, and an outer zone 

which appears slightly more electron transparent. The 

nucleolus is large and heavily electron dense, with a large 

central vacuole and a number of irregularly shaped, smaller 

vacuolar areas of low electron density (Fig. 69). These 

areas contain loosely dispersed fibrillar with some granular 

material. A sagittal section through the nucleolus shows 

chann8ls connecting the central area with the smaller 

patches and suggests that the whole lacunal system is a 

reticulate one, possibly with connections to the nucleoplasm 

beyond. Occasionally, a small secondary nucleolus occurs 

close to the main nucleolus and apparently connected to it. 

It is consistently electron dense (Fig. 69). Examination of 

sequential sections indicates that the nucleolus is subject 

to certain changes of shape in the contours of its surface. 

One of the more striking features of the egg is the 

irregular shape of the nucleus. While this does not approach 

the co~voluted 'form of the central cell nucleus, to be 

described later, serial sections through a nucleus indicate 

that the surface is highy irregular with lobes which project 

sufficiently for them to appear as isolated islands of 

nuclear material when sectioned (Figs 70, 71). Indentations 

may reach in very close to the region of the nucleolus and 

cy.toplasmic contents be present in the embayments (Fig.- 70). 

The cytoplasm of the egg is difficult to resolve 

under electron microscopy, but is interpreted as containing 

a heavy ribosomal population which imparts a uniform density 

to the contents. Against this background numerous mito

chondria are portrayed, basically of a somewhat oval form 



64 

but many showing irregularities of form due to small 

projections or indentations of the surface (Fig. 72). 

Mitochondrial structure again appears simple, as reported in 

the synergid, for only a few cristae are present within the 

organelles although they appear moderately electron opaque 

because of the presence of dispersed fibrillar elements or 

small vesicles. Often they are difficult to distinguish 

from vacuoles of the same size because of- their poorly 

defined internal structure and dispersed fibrillar contents. 

Pleomorphic vacuoles are a predominant feature of 

the egg, though perhaps a fixation artifact. Chalazally 

they are large, and by the time of egg maturity the smaller 

vacuoles nearer the micropylar end (Fig. 73) have coalesced 

~nd expanded to give ,the egg a highly vacuolate appearance, 

as is typical of angiosperm eggs (Maheshwari, 1950). 

Vacuoles are closely associated with the nucleus, and crowd 

around the periphery and into the indentations formed by 

the irregular surface to give an appearance to the - egg of a 

highly stellate shape when viewed under the light microscope 

(Fig. 14). The vacuoles may contain degenerate cytoplasmic 

contents or fibrillar material, and are often associated 

with heavily electron dense, often angular bodies which may 

be protein deposits (Fig. 74). Lipid bodies are also present 

in the egg cytoplasm. Plastids occur in small to moderate 

numbers, are polymorphic, with very little structure visible 

in their electron-dense matrix and usually containing starch 

granules (Fig. 75). Endoplasmic reticulum is rarely present 

in the egg cell. Dictyosomes also are rarely present, 

though they may be obscured by processing. However, 

near the developing walls a few may occasionally be seen. 
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The common wall separating egg and synergid, and the 

outer wall of the egg (facing the embryo sac wall) begin as 

dilatations and embayments between opposed membrane 

surfaces. As in the case of the synergid, the egg is 

separated from the central cell at the chalazal end by only 

the plasma membranes of these two cells (Fig. 124). As also 

in the case of the synergid, the tentacle-like arms of the 

central cell nucleus lie adjacent to the plasma membrane. 

The thin blanket of central cell cytoplasm which extends 

over the chalazal portion of both egg and synergid where 

they project into the central cell is usually distinguished 

by its well developed system of endoplasmic reticulum with 

many dilatations (Fig. 68). The origin and structure of 

internal walls of the embryo sac will be discussed in a 

separate section: "Wall formation without a phragmoplast ll
• 

Discussion 

It is of interest to find that the apomictic egg 

of C. jubata exhibits an appearance similar to that of the 

sexual eggs studied ultrastructurally and one which has 

been interpreted as an inactive or quiescent state. While 

the mature egg of sexually reproducing forms may be regarded 

as quiescent un~il the act of fertilization imposes on it a 

state of high metabolic activity, the state of an apomictic 

egg could logically be expected to differ. In ~he asexual 

system, we may regard the barrier to further development to 

be down, and the way op'en to uninhibited growth and 

development of the embryo. 

The apparent sparsity of organelles in the mature egg 

of this apomictic species may indicate -that their 
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biochemical activities are not needed, and that the nutrient 

requirements for the immediate division of the egg and the 

development of the resultant young embryo have already been 

supplied by other· cells of the embryo sac, or have been 

acquired directly from sources outside and imported into 

the embryo sac which is very well equipped to do this. 

The haustorial- process which is able to penetrate tissues 

well removed from the centre of nutrient requirement, is 

highly adapted to an absorptive role, by virtue of the 

numerous transfer processes lining its inner surface, and 

also to a trasport role, as indicated by the rich 

endoplasmic reticulum system traversing the length of the 

haustorium to the synergid below. 

Cytoplasm packed with ribosomes is common to the 

sexual egCf (re ferences as a-t beginning of section ) and 

to this asexual one, where ribosomes appear mainly to be 

free and not attached to membranes as in sexual forms, 

although this feature is difficult to resolve. Mitochondria 

are reported in sexual forms to be abundant and to show well 

developed internal structure. In C. jubata, mitochondria of 

the egg cell are typically electron translucent with only 

a few short cristae with otherwise a variable and diffuse 

short fibrillar and vesicular content which may occasionally 

contain a few granules. Such contents may be identified 

as mitochondrial DNA but this would need histochemical 

confirmation. Mitochondrial outlines, while predominantly 

oval, may display indentations and projections which could 

be described as amoeboid. I have not seen mitochondrial 

profiles of this type described in the literature. 

While the apomictic egg contains some ergastic bodies 
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and is highly vacuolate when mature, in agreement with most 

sexual eggs, the form of its nucleus with its irregular, 

lobed or indented outline is in sharp contrast to sexual 

eggs. This irregular configuration of the nucleus, whereby 

the surface area is greatly increased, would suggest that 

both the nucleus and the nucleolus are brought into close 

.. contact with a large volume of cytoplasm, wi th probably a 

resultant increase in biochemical activity and nuclear 

influence. 

The absence of a wall at the chalazal end of the egg 

apparatus is reported in Petunia (van Went, 1970) I Torenia 

(van der Pluijm, 1964), Gossypiwn (Jensen, 1965b), Zea 

(Diboll and Larsen, 1966), Linwn (Vazart and Vazart, 1966, 

1969) and HeZianthus (Newcomb, 1973), whereas in Plumbago 

(Cass and Karas, 1974) the chalazal wall shows a fairly 

regular alternation of thick and thin segments, and in 

Capsella (Schulz and Jensen, 196Bb) a very thin wall develops 

between the egg and the central cell. 

The very' close association of the central cell 

cytoplasm and nucleus which characteristically envelopes 

both the egg and synergid would appear to be of significance. 

in the apomictic development of the egg. This feature will 

be discussed later under the central cell. Also, the 

synergid, which "lies adjacent to the egg, is the recipient 

of nutrients from an active haustorium and is barely 

separated from the cytoplasm of the egg, may well play an 

important role in its uninhibited and rapid development. 

It is of interest to note that occasionally the very close 

association of these two cells suggests an organic 

connection between the two. Such an association leads one 



Fig. 68a,b 

Chalazal end of egg, which at this level is enveloped by 

a thin layer of central cell cytoplasm containing mostly 

dilated endoplasmic reticulum and mitochondria. 

The dense cytoplasm of the egg is becoming filled with 

enlarging vacuoles, a few ergastic bodies and mitochondria 

show a sparse structure. Vacuoles would appear to 

coalesce by fusion of apposed tonoplasts and mostly show 

a flocculent precipitate, ~s does the central cell 

vacuole, probably a consequence of fixation. 

a, X 12275; b , X 10560. 

CCC Central cell cytoplasm 

CCV Central cell vacuole 

ER Endoplasmic reticulum 

EV Egg vacuole 

L Lipid body 

M Mitochondrion 
[C, ESS c.ytoplas\"l\ 
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Fig. 69 

The egg nucleus. The irregular outline shows an enclave 

(arrow) containing a plastid and a mitochondrion, and 

the large nuqleolus has numerous, irregularly shaped, 

electron translucent areas which appear to be inter

connected. A small secondary nucleolus barely separated 

from the main body occurs to the left. Vacuoles are 

numerous in the egg cytoplasm, and are coalescing, 

while large electron dense ,bodies, probably protein, 

are developing in some of them. Plastids, some with 

starch granules, and a number of rather poorly defined 

mitochondria can be seen. X 10260. 

N Nucleus 

NL Nucleolus 
p Plastid 

PB Protein body 

Arrow Nuclear enclave 

V Vacuole 
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Figs 70 I 71 

The egg nucleus is large with a prominent nucleolus and 

an irregular outline. Indentations of the surface may 

reach in very close to the nucleolus and cytoplasmic 

contents may be present in the embayrnents (Fig. 70 

arrows). Lobes may appear in section as islands 

(Fig. 71 arrow). Sometimes a zonation is detectable in 

the nucleoplasm although difficult to depict photo-

graphically. 70, X 9600j 71, X 12100. 

M Mitochondrion 

NL Nucleolus 

NM Nucleoplasm 
p Plastid 

PB Protein body 

V Vacuole 
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Fig. 72 

A heavy population of free ribosomes imparts a uniform 

density to the egg cytoplasm. Mitochondria are numerous 

but of apparently sparse internal structure, and usually 

of irregular shape. X 12100. 

CC Central cell 

DW Developing wall 

E Egg cytoplasm with ribosomes 

M Mitochondrion 

BY Synergid 

V Vacuole 
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Fig. 73 

Vacuoles at the micropylar end of the egg coalesce with 

the onset of egg maturity to give a highly vacuolate 

appearance. Mitochondria are numerous and plastids are 

present in the cytoplasm, usually with starch granules. 

Electron dense bodies of variable shape are probably 

protein bouies and are associated with vacuoles. 

X 8250. 

Fig. 74 

Detail of Fig. 73, showing the formation of an electron 

dense body within a vacuole. X 25960. 

EN Egg nucleus 

ESW Embryo sac wall 

M Mitochondrion 

P Plastid 

PB Protein body 

Sy Synergid 

V Vacuole 

W Wall between synergid and egg 
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Fig. 75 

Pleomorphic plastids usually occur in moderate nwnbers in 

the egg cytoplasm. They may contain a starch granule, but 

give only a slight impression of membranous structure in 

their otherwise dense matrices. X 12100. 

C 

N 

P 

V 

Egg cytoplasm 

Nucleus 

Plastid 
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to speculate that perhaps an effect similar to that of 

pseudogamy without syngamy might be operating in this 

instance. 

3. THE SYNERGID AND HAUSTORIUM 

68 

From optical microscope studies it appears that the 

embryo sac of Cortaderia jubata normally contains one" 

synergid, variable in its spatial relationship with the egg, 

and developing an extension from the embryo sac very soon 

after its appearance. However, under the electron 

microscope it seems that commonly a second synergid is " 

present, with a degenerate nucleus, but so intimately " 

associated with the main haustorial synergid that one gains 

the impression of a single organ, with some puzzling 

inexplicable walls when sections are viewed optically and 

sequentially. The information gained from ultrastructural 

studies allows some qualification to be made to the 

impression obtained from the light microscope. 

The synergid is a large cell, closely associated with 

the egg laterally and with the central cell chalazally. In 

shape the synergid is hooked on . the side nearer the embryo 

sac wall, due to the sharp inward and downward turn of the 

outer synergic wall from its point of attachment to the 

embryo sac (Figs 76, 77). The region of the synergid wall 

which is common with that of the embryo sac is thick and 

may bear wall ingrowths· of the normal transfer wall form 

near the micropylar end. When two synergids can be 

discerned it is usual for only one to be prolonged as an 

haustorium, though embryo sacs with two haustorial "synergids, 



both well developed and-functional, have been observed. 

Sometimes the second synergid cannot be observed, or it 

is represented only by a barely recognisable nucleus 

incorporated into the main haustorial system. 

Under the light microscope the synergid presents 

a much denser appearance than the egg. This density of 

contents perhaps coupled with poor fixation makes a 

description of the synergid components difficult. Younger 

synergids are densely granular and this would seem to 

be due at the ultrastructural level to a heavy ribosome 

population (Fig. 78), perhaps associated with sheets of 

tubular endoplasmic reticulum in aggregated long or shQrt , 

lengths, these showing alternating dense and less dense 

discontinuities along the total aggregate. In addition, 

these may be associated with ribosomes, or polyribosomes 
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in helicoid or circular arrangement (Fig. 79), although at 

other times (in the same section) they may present a smooth 

profile. As these tubular structures are aggregated into 

parallel configurations and bear moderately dense contents, 

the whole may make a structure in which details are largely 

obscured (Fig. 78). One gains the impression, however, that. 

in places this system may have components of a dilated form 

-of endoplasmic reticulum, or this impression would also be 

consistent with - such a system being composed of fenestrated 

lamellae (Figs 80, 81). In Figure 82 the aggregate of short 

tubular lengths', which appear to have lost practically all 

their contents and perhaps associated ribosomes, shows 

spaces and discontinuities and suggests the possibility of 

a fenestrated system of lamellae ramifying through the 

synergid. In synergids of younger embryo sacs, vacuoles, 
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although numerous, are mostly small. The resultant aspect 

under low magnification is, therefore, one of some density 

of contents. A few dictyosomes have been seen, mostly at 

the chalazal end of the synergid. They consist of four or 

five flattened cisternae and appear to bud off small 

vesicles with moderately electron dense contents (Fig. 81). 

Dictyosomes appear to be more or less absent from the 

apex of the synergid and occur sporadically nearer ,the 

chalazal end. However, they are abundant in the haustorium. 

Plastids containing starch occur in moderate numbers 

(Fig. 83); a few deposits of varying shapes, usually 

associated with vacuoles, and heavily electron opaque, -may 

also be present. These are probably protein bodies 

(Fig. 84). Mitochondria occur in moderate numbers, oval in 

shape and with ~n appearance of simplicity of structure 

(Figs 77-80). Lipid bodies are scattered through the 

synergid cytoplasm often in quite large numbers, especially 

near the micropylar end (Figs 70, 80). At the chalazal end 

vacuoles increase in size rapidly with age, while nearer the 

micropylar end the density of ' the cell is greater, due to 

smaller vacuoles ,and dense sheets of endoplasmic reticulum 

lamellae as described above. As vacuolation of the cell 

proceeds, areas of cytoplasm are trapped between the 

vacuoles and their structure is a little more apparent 

(Figs 85-87). 

Under the light microscope the nucleus of the mature 

synergid is rarely observed, although dark-staining areas 

beyond the cell in the haustorium can be detected. Under 

the transmission electron microscope a nucleus is revealed, 

inconspicuous with very little contrast, usually of 



irregular shape and apparently degenerate (Figs 80,100, 

101). Only rarely has an 'active nucleus been observed 

near the centre of the synergid. 
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A wall surrounds part of the synergid. From its 

point of attachment to the embryo sac it extends partly 

around thesynergid, and where it has any thickness 

plasmodesmata are common between the synergid and the· 

cytoplasm of the central cell (Figs 79, 88). The formation 

of these walls will be discussed in a separate section~ 

The synergid wall tapers off towards the chalazal end, ' and 

the polar nuciei or the fused ·product of the two (the 

central nucleus) is intimately associated with both the 

egg and the synergid (Fig. 89). The chalazal region of the 

synergid appears to be free of any wall during the time of 

embryo sa9 growth and maturation, but with the first 

divisions of the egg a complete wall encloses the synezgid, 

whose contents become increasingly vacuolar but show an 

. increase in the number of starch granules, and the nuclear 

material becomes more condensed and degenerate (Fig. 90). 

The cell takes on the aspect of inactivity and eventually 

of collapse, although the haustorium above usually retains 

its functional appearance for a longer time. 

The haustorial extension of the synergid has the 

appearance, as might be expected, of a highly metabolically 

active, absorptive organ. As there is evidence of a lytic 

effect on the c~lls between or through which it passes, it 

is logical to assume that the haustorium can function also 

as a secretory organ, involving an outward flow of enzymes 

from within. 

The thick projection which rapidly extends out to lie 
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between the ovary wall and the ovule, has a broadly rounded 

tip whose outer wall layer is not clearly defined (Fig. 91). 

An indistinct wall at the tip may be due to an autolytic 

effect of digestive enzymes released from this area in 

advance of the growth of the haustorium, or may be due to 

oblique sectioning. The inner surface of the containing 

wall is highly irregular with massive wall ingrowths-

(Fig. 91). The fact that these may sometimes be fewer in 

number at the haustorial tip may indicate that the organ 

has recently reached its greatest length and is establishing 

the architecture for transport. These wall ingrowths of the

haustorium show the typical appearance of transfer walls/ . 

with a somewhat amorphous internal structure which is 

moderately electron opaque, and in the haustorium and 

synergid, having only a very narrow outer electron 

translucent border, if any at all. When two haustorial 

processes lie adjacent, as they often do when two synergids 

are present in the embryo sac, haustorial walls with 

ingrowths may lie back to back (Fig. 92). Presumably, 

counter absorptive pressures operate in this situation. 

Organelles are quite markedly orientated along the 

longitudinal axis of the haustorium and the overall 

appearance of the haustorial cytoplasm is one of great 

density which makes recognition of cell components difficult. 

A characteristic feature of this cytoplasm is an abundance 

of endoplasmic reticulum (Figs 93-96). Although ribosomes 

occur free in large numbers in certain areas, they usually 

seem not to be associated with membrane surfaces so that the 

endoplasmic reticulum is of the smooth type. It is 

intimately associated with wall ingrowths (Fig. 9 11) ,. while 



in the body of the cytoplasm its alternate dilating and, 

narrowing and occurrence in parallel stacks suggest 

fenestrated cisternae (Fig. 95). Moderately to densely 

opaque intercisternal spaces of the endoplasmic reticulum 

add to the overall density of the cytoplasm (Fig. 95) .. 

Small vacuoles appear near the haustorial tip (Fig. 91) 
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and increase in number, size and irregularity of shape with 

distance from the tip and with age of the haustorium~ Lipid 

droplets occur in small vacuole-like bodies and usually 

increase in size until they fill or almost completely 

obliterate the containing bodies (Fig. 97). Mitochondria 

are in abundance and of a predominantly oval or variously' 

elongate form, often of varying degrees of indistinctness, 

and at times with a surprisingly sparse internal structure 

(Fig. 98). Dictyosomes are numerous, and produce very small 

Vesicles which remain visible in clusters in the cytoplasm, 

or the dictyosomes would also seem to be closely associated 

with irregularly shaped, larger vacuoles which may be the 

fusion products of units they have produced. While 

mitochondria and lipid droplets occur near the haustorial 

tip, starch-bearing plastids may occur in groups further '.' 

away from the tip, at least in specimens in which elongation 

is not completed. Plastids are commonly ellipsoidal, oval 

or elongate with a tapering end. Several, up to four or 

five, starch granules may be present, but apart from a few 

electron-translucent areas, perhaps nucleoids, in the matrix 

of the plastids the internal structure is uniformly electron

dense and homogeneous (Fig. 99). Such a structure is 

usually associated with long-term storage plastids. 

In Figure 101 the presence of a developing wall, 



74 

attached to the lateral wall of the-haustorium at one end 

(Fig. 93) and developing into the synergid by the 

coalescence of vesicles, is a puzzling feature. In :t'his 

synergid-haustorium complex, two nuclei are discernible 

near the point of attachment of the synergid to the embryo 

sac. Under the optical microscope the presence of an 

internal wall or walls in the haustorium has often been 

suspected. In Figure 101 the electron microscope shows a 

forming wall running parallel to the long axis of the 

synergid~haustorial structure, and two remnant-like nuclei 

located so that each would be contained within the walls if 

these eventually were completed. In other instances a 

degenerate nucleus may be located within the body of the 

synergid itself, often lying in close proximity to a wall 

adjacent to the central cell (Fig. 100), or it may occur 

near the place of exit of the haustorium from the embryo sac. 

Whatever its position, the nucleus (or nuclei) appears small, 

degenerate with an irregular lobed outline, and a rapidly 

degenerating nucleolus. At a late stage in the degeneration 

of the synergid, the nucleus appears heavily condensed and 

electron opaque (Fig. 90), as'already described. 

Discussion 

The synergid of C. jubata is not fully comparable with 

those of other species described at the ultrastructural 

level because it lacks the,usual filiform apparatus, is not 
, ' , 

involved in the reception of a pollen tube, and possesses 

a striking haustorium. Nevertheless, some characteristics 

of typical synergids are retained. There is marked polarity 

of the components of the cytoplasm, with a gradient from 
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high vacuolation at the chalazal end to denser cytoplasm 

with numerous organelles towards the micropyle. This 

gradient need not apply to all cell components, for Godineau 

(1969) investigat'ed four members of the Compositae, in which 

no filiform apparatus occurs, and found that plastids were 

more numerous at the chalazal end than at the centre of the 

synergids and that they were absent towards the micropyle. 

In Limon, Vazart and Vazart (1966) found plastids to be most 

abundant around the nucleus near the middle of the cell. 

Mitochondria and dictyosomes are typically abundant 

in synergids, especially near the filiform apparatus, and 

this is true also of C. jubata, except that dictyosomes are 

mainly present in the haustorium. In the synergids of other 

grasses studied ultrastructurally (Zea, Diboll and Larsen, 

1966i Hord@W7l, Cass and Jensen, 1970i stipa, Maze and Lin, 

1975) the endoplasmic reticulum is mostly smooth, at least 

in mature synergids, while in cotton (Jensen, 1965a), Linwn 

(Vazart and Vazart, 1966), Belianthus (Newcomb, 1973) and a 

number of other Compositae (Godineau, 1969) it is 

predominantly heavily associated with ribosomes. In 

COr'taderia the endoplasmic reticul urn may di ffer in its form 

in the haustorium and in the synergid cell itself. The 

structure of the endoplasmic reticulum appp.ars to be similar 

in both regions, consisting of small sectors which are 

continuous in lengths but show discontinuities in their 

lateral associations. However, in the haustorium, while 

ribosomes are abundant, they seem to be mainly free. In 

the synergid, as far as the material allows one to judge, 

ribosomes are associated with surfaces, perhaps as 

polyribosomes, in helical or circular configurations. 



Similarly, plastids are abundant in most synergids which 

have been described, but are relatively sparse in Capsel~ 
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(Schulz and Jensen, 1968a). In C. jUbata they are 

moderately abundant. Reports differ regarding the presence 

of plasmodesmata in the walls of synergids. Mostly they 

are said to- be present, but Godineau (Compositae, 1969) and 

Mogensen (Quercus, 1972) report their absence. (For further 

discussion on synergid walls see below' below: "Wall 

formation without a phragrnaplast".). The observation in 

the synergid of an extra wall attached to the embryo sac at 

its micropylar end and becoming continuous with the 

membranes of the chalazal end of the synergid, is comparable 

to observations made by Newcomb (1973). In HeUanthus, he 

found two walls occasionally being formed in the book region 

which he ~eported as partitioning the central cell cytoplasm 

into two regions between the embryo sac wall and the outer 

synergid wall. His figures, however~ do not agree with the 

position in which this wall is reported, as they show the 

wall to be present within the synergid and not in the central 

cell. In this situation they agree with the extra wall which 

has been observed in the study of Cortaderia. 

The development, prior to embryo sac maturity of an 

outgrowth associated with one or sometimes two cells of the 

egg apparatus, is a feature apparently highly adapted to the 

role of nutrient absorption. The projection is able to 

extend through tissue, either by physically forcing apart 

cells or by the more likely agency of lytic enzymes. While 

some cells bordering the haustorium are crushed, those which 

still retain their form exhibit varying degrees of 

degradation. Integumentary cells in front of the growing 
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tip show heavy breakdown before any great dis"tortion of . 

their outline has occurred. Also, while the micropyle is 

a logical and convenient outlet for a projection from a 

micropylar embryo sac, an haustorium issuing forth laterally 

or chalazally is able to penetrate nucellar and integumentary 

tissues, including cuticular surfaces, to reach the extra-

ovular region. 

The usual appearance of one synergid in the embryo 

sac, and the apparently quite frequent presence of another, 

either as a small associated cell of the main synergid, 

or as a barely recognisable nucleus incorporated into the 

main haustorial system, may perhaps be analagous to the 

state of persistent and degenerate synergids of sexually 

reproducing genera. While the usual situation in c. jubata 

is for the synergid nucleus to appear as degenerate or even 

to migrate into the region of the haustorium beyond the 

micropyle, some synergids have been ~een with an active-

looking nucleus approximately in the centre of the cell, 

but this is rare. The occasional presence of two cells, 

one a normal-looking synergid and the other a small 

associated cell, has been detected when F. A. A. has been 

used as a fixative and the contractive action of the 

chemicals causes the cells to separate from each other. 

The presence of two synergids even when only one is 

detected at the optical level may accoun"t for the fact that 
" . 

occasionally a shorter haustorium has been observed in 

addition to the main haustorium, and this has been 

interpreted as a branched system. 

Transfer walls are believed to be associated with 

the short" distance transference of solutes (Pate and 
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Gunning, 1971; Gunning and Pate, 1974). In this connection 

they have been reported by Torosian (1971) in micropylar 

haustoria of the endosperm of Lobelia, but the only ot-her 

ultrastructural study of ehdospermal haustoria known to me 

(vannereau and Mestre, 1975), in Plantago larweolata, 

describes the cells as being without such wall elaboration. 

It would be of interest to know if this difference has any 

systematic significance. No structure comparable to the 

synergid haustorium of COY'taderia has been studied at the 

ultrastructural level but as it is functionally analagous 

to the endosperm haustorium mentioned above, comparisons 

may be made. The outstanding difference between the 

haustoria of COr'tati.eria and Lobelia is the state of the 

nucleus. Endosperma~ haustoria have long been observed 

to have large, conspicuous nuclei (e.g., Philipson and 

Philipson, 1973), which is the case in Lobelia. In 

COY'tadeY'ia an inconspicuous, indifferently staining, 

inactive organ, with remnants or perhaps disjunct nuclear 

material also present in the haustorium, is in sharp 

contrast. 

The appearance of transfer walls in many plants is 

similar, the moderately electron-opaque finger-like 

projections being bordered by an electron-translucent space 

consistently visible between the ingrowths and the plasma 

membrane. This space contains no callose, as indicated by 

the lack of fluorescence when the walls are stained with 

aniline blue and viewed under ultraviolet light (Gunning 

and Pate, 1974), and it is assumed to be an artifact 
- , 

produced by the shrinkage of the matrix during specimen 

processing. In the haustorium, the zone of electron 



79 

translucence is minimal, perhaps because of the denseness 

of the cytoplasm crowding the space, thereby reducing 

contraction during processing. It is of interest to note 

here also that the same situation occurs in the central 

cell, where transfer walls are usually associated with a 

thin layer of cytoplasm, and here clear zones are more 

frequently visible on the wall ingrowths than on those where 

the thick strands of cytoplasm, which connect the nucleus 

to the central cell wall, are located. 

While wall ingrowths vastly increase wall surface and 

therefore also the closely associated membrane surface with 

a concomitant increase in the absorptive or secretory area, 

the looseness of the outer layers of the wall would suggest 

the possibility of an apoplastic pathway for the 

transference of assimilates back to the embryo sac. All 

transfer walls in this study have been closely associated 

with the endoplasmic reticulum, either in its rough or 

smooth forms. In the haustorium and synergid it is the 

smooth endoplasmic reticulum which is present in greatest 

quantity, and it is this form ~hich is believed to be more 

often a vehicle of transport than the mainly synthesising 

rough endoplasmic reticulum. In the central cell (embryo 

sac) rough endoplasmic reticulum is the conspicuous 

cytoplasmic component, and this is in accord with the 

supposition that here metabolism and the elaboration of 

assimilates is undertaken. 

The compex filiform apparatus of the synergids of 

many angiosperms is not present in the apomictic C. jubata 

but the micropylar end of the synergid is characteristically 

extended as already described. In addition to its involve-
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Fig. 76 

Diagram of the principal components of the micropylar end 

of the embryo sac. 
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Fig. 77 

Synergid cell adjacent to central cell just below point of 

attachment to embryo sac wall. Endoplasmic reticulum is 

present in both tubular and cisternal forms; vacuoles are 

increasing in size and number towards the chalazal end 

(lower); mitochondria, dictyosomes, plastids bearing starch 

granules and lipid bodies are also present. X 8800. 

CCC Central cell cytoplasm 

CCV Central cell vacuole 

D Dictyosome 

ER Dilated endoplasmic reticulum 

L Lipid body 

M Mitochondrion 

P Plastid with starch granule 

SYW Synergid wall 
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Fig.-78 

Detail of synergid cytoplasm in a mature cell. A portion 

of the degenerate nucleus is recognisable (upper left) 

and a dictyosome (lower right). An impression of sheets 

of tubular endoplasmic reticulum is gained, towards mid

r~ght, and a large mitochondrion with cristae and small 

fibrils at the bottom of the micrograph. X 25960. 

D Dictyosome 

M Mitochondrion 

N Nucleus 

NE Nuclear envelope 

TER Tubular endoplasmic reticulum 

V Vacuole 

Fig. 79 

Detail of synergid outer wall area, adjacent to the 

central, cell. The wall, in which a middle lamella has~ 

been deposited, is traversed by plasmodesmata. The 

central cell cytoplasm contains sheets of parallel 

endoplasmic reticulum, is associated with ribosomes,-

and mitochondria with rather few cristae and fibrils are 

present. In the synergid, mostly dilated endoplasmic 

reticulum profiles ar~ visible, groups of ribosomes occur 

in the cytoplasm and on membrane surfaces. A plastid with 

a large starch granule has an electron dense matrix in 

which membranes are present. X 23320. 

ccv Central cell vacuole 

D Dictyosome 
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L Lipid body forming 
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Fig. 80 

This degenerate nucleus, in the same synergid as in 

Fig. 79, is of irregular outline and along projection 

extends out of the micrograph at the top. Part of the 

nuclear surface, revealed in glancing section, shows 

nuclear pores. Many dilated endoplasmic reticulum 

profiles occur in the synergid cytoplasm, also vacuoles 

enlarging ,towards the chalazal end, mitochondria, 

dictyosomes and lipid bodies. X 13230. 
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Fig. 81 

Detail of a synergid, where endoplasmic reticulum gives 

the impression of fenestrated lamellae. Lengths and 

circular configurations of flattened or tubular endo

plasmic reticulum also occur. X 27600. 

Fig. 82 

Segments of endoplasmic reticulum (arrows) apparently 

empty and free of surface ~ibosomes lying between vacuoles 

near the chalazal end of a mature synergid. Similar 

segments in chains and groups and with contents lie 

between other vacuoles. X 17600. 
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Fig. 83 

Synergid near the apex of the embryo sac; where it is 

attached to the embryo sac wall. Wall ingrowths project 

into the cytoplasm, starch granules are present in plastids 

and numerous other organelles are well represented. 

X 14080. 

Fig. 84 

Mature synergid cytoplasm with two small protein bodies 

near the degenerating nucleus. X 25960. 

D Dictyosome 

DN Degenerating nucleus 

ER Dilated endoplasmic reticulum 

ESW Embryo sac wall 

L Lipid body 

M Mitochondrion 

MVB Multivesiculate body 

P Plastid with starch granule 

?B Protein body 

V Vacuole 

WI Wall ingrowth 



83 

84 



Figs 85, 86, 87 

Vacuolation of the 'chalazal end of the mature synergid 

entraps restricted enclaves of cytoplasm, which appear 

to he subject to the lytic action of encroaching vacuoles. 

A few organelles can still be distinguished in the 

cytoplasm. 85, X 32120; 86, X 18070i 87, X 28160. 
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Fig. B8 · 

Synergid wall bounding central cell, in the "hook" region, 

with plasmodesmata conferring cytoplasmic continuity 

between the two cells. Dilated endoplasmic reticulum of 

the synergid is in close association with parallel strands 

of the endoplasmic reticulum of the central cell via the 

plasmodesmata. X 23320. 
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Fig. B9 

Chalazal end of the synergid, where the central cell 

cytoplasm and nucleus are in intimate contact with the 

synergid. The plasma membranes of the two cells are 

closely appressed (black arrows) except in small 

embayments where eventually a deposition of wall material 

occurs. In addition, the chalazal end of the synergid is 

closely enveloped by the central cell nUcleus whose 

extensions come to lie against the plasma membrane in 

many places. X 257B. 
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Fig. 90 Degen~~~te state of the syh~rgid when 

cytopl~sm is largely reduced to vacuoles, 

and ve'7:Y little endoplasmic reticulum . -

remains. Organelles are represented 

mainly by plastids with starch. The 

highly lobed, degenerating rtucleui is 

heavily electron dense through condensation 

of its heterochromatin and the whole appears 

to be subject to lysis. X 14040. 
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Fig. 91 

Tip of synergid haustorium in micropyle. On each side 

degenerate and crushed cells of the nucellar epidermis 

are visible and beyond them the cutinized inner cells 

of the inner integument which form the micropyle. 

X 7200. 
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Fig. 92 ' 

A small haustorium from a small second synergid abuts on 

the main one. Wall ingrowths of the two adjacent haustoria 

lie back to back (arrows). Note the looseness of the 

structure of the wall beyond the wall ingrowths. This 

structure may al~ow the apoplastic transference of 

nutrients back to the embryo sac. X 13719. 

Fig. 93 

A portion of an haustorium bounded by degenerating cells 

and containing a rich population of organelles. 

The cytoplasm is dense with dilated smooth endoplasmic 

reticulum, although some sheets of flattened cisternae 

are visible. Dictyosomes are nwnerous, as are mito

chondrial plastids with several starch granules and lipid 

bodies. All are orientated in the direction of the long 

axis of the haustorium. A supernumerary wall has arisen 

from the haustorial wall and has developed some way back 

towards the synergid. Wall ingrowths are present on this 

wall near its point of attachment, and also on the lateral 

wall'of the haustorium. X 7200. 
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Fig. 94 

Wall ingrowths of the haustorium are intimately associated 

with the endoplasmic reticulum system. Mitochondria, 

plastids with starch and other organelles are also present. 

The appearance of wall ingrowths apparently unattached to 

the wall behind is due to their branching and/or curvature 

out of the plane of sectioning. X 25960. 
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Fig. 95 

Interior of haustorium where the endoplasmic reticulum 

system appears to be in the form of fenestrated cisternae. 

Mitochondria, with varying degrees of internal structure, 

are numerous, as are dictyosomes producing small vesicles, 

and enlarging lipid bodies. X 19200. 
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Fig. 96 

Haustorial cytoplasm close to wall ingrowths. Dictyosomes 

in parallel stacks of five or six cisternae, are budding 

off small vesicles, which when linearly arranged, are 

similar to some elements in the endoplasmic reticulum. 

system of the haustorium. Other dictyosome cisternae 

produce small, single, membrane bound vesicles which fuse 
o 

to produce vacuoles. X 2B662. 
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Fig. 97 

Detail of haustorial tip. Dilated and fenestrated smooth 

endoplasmic reticulum fill the ;cytoplasm which is dense 

with small granular _particles. These may be ribosomes or 

vesicles. Mitochondria do not show much internal structure 

in thi s section. Lipid,,-bodies are seen forming in vacuole

like enclaves and their formation seems to be associated 

with small particles: and fibrils. 'X', 14080. 
:( 
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Fig. 98 

Detail o'f haustoriwn. Plastids cqntain several large 

starch grqnules. Lipid bodies are numerous. Mitochondria 

have few cristae but a number of vesicular-like structures 

and numerous small fibrils. The mitochondrion in the 

centre (arrow) appears to have just divided. Dictyosomes 

are frequent. X 14080. 
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Fig. 99 

Detail of haustorial cytoplasm. Plastids bearing starch 

granules show membrane structure in matrix. The bounding. 

double membrane of the plastid (lower right) is visible 

(arrow). X 21649. 
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Figs 100, 101 

Two sides of the same synergid-haustorium complex, but not adjacent 

sections. One degenerate nucleus lies on each side of the cell but 

at a different level. Within the haustorium a developing wall is 

attached to the haustorial wall and is extending back into the 

synergid. At the time of sectioning the wall was incomplete. 

100, X 5000; 101, X 7232. 
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DN Degenerating nucleus 

H Haustorium 

HK Synergid "hook" 

SY Synergid 

Arrows Developing wall 
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ment in the entry of the pollen tube into the synergid, the 

filiform apparatus in angiosperms, which is interpreted as 

being a complex transfer wall system, may also play an 

absorptive role in the nutrition of the embryo sac (Jensen, 

1965a). If the extension of the synergid from the usual 

region of the filiform apparatus, which occurs also in the 

sexual species of Cor taderi a , is regarded as an organ highly 

organised for the absorption and transference of solutes 

into the embryo sac, then this would add weight to the 

suggestion of Jensen that the filiform apparatus itself 

has a similar function. 

4. THE ANTIPODAL CELLS 

Ultrastructurally, the antipodal cells of C. juhata 

appear ' biochemically active, at least until early embryo

genesis. As described already, the £ew cells divide early 

to form a characteristically crescent-shaped block of 

tissue, which normally lies laterally near the chalazal 

end of the embryo sac (Fig. 15). The outermost wall of the 

antipodal cells bears wall ingrowths l similar to those 

occurring on' the walls of the central cell but usually more 

massive (Fig. 102). No plasmodesmata have been observed on 

this outermost ~all, but there are numerous plasmodesmata 

between adjacent antipodals and between them and the central 

cell (Fig. 103). Cell wall formation between the antipodal 

cells is usually completed so that the tissue is fully 

. cellular with one large nucleus per cell. The nuclei are 

irregularly lobed, and each possesses a single dense 

nucleolus which may be extremely large in some specimens 
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(Fig. 104). Heterochromatin is pre~ent in the nucleoplasm 

of the antipodals, distinguishing them from other nuclei of 

the embryo sac (Fig. 104). Well-fixed antipodal cells may 

show extensions of the outer nuclear membrane into dilated 

blebs (Fig. 105) or into enlarged ends or sectors of 

cisternal endoplasmic reticulum (Figs 105, 106). Pores are 

numerous in the nuclear envelope. There is a rich ribosome 

population in the cytoplasm, and ribosomes are also 

associated with endoplasmic reticulum profiles. Rough 

endopl~smic reticulum is prominent both as flattened 

cisternae and dilated shorter profiles, and often the two 

forms are continuous (Fig. 107). Parallel layers of 

endoplasmic reticulum, often in circular configurations are 

prominent near the central cell end of the antipodal cell 

(Fig. 108). In young cells the rough endoplasmic reticulum 

system contains moderately electron dense material. 

Mitochondria are subspherical or elongated and have numerous 

randomly arranged, . short cristae in the well developed 

internal structures of some specimens (Fig. 107), although 

in others (Fig. 108) the simple structure described for 

other cells of the embryo sac prevails. Such variation may 

well be due to fixation difficulties. Lipid bodies and 

plastids containing starch granules are present in small 

numbers, while dictyosomes are numerous and produce many 

small vesicles (Figs 107, 108). As the embryo sac matures, 

vacuolation of the antipodal cells occurs until the nucleus 

is restricted to one side of the cell in a remnant of 

cytoplasm containing a few organelles, and eventually, 

during the free nuclear endosperm stage, the nucleus shows 

signs of degeneration (Fig. 109). 
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Discussion 

The antipodal cells of the grasses already studied 

ultrastructurally (Zea, Diboll, 1966; HOl'dewn, Cass and 

Jensen, 1970; Stipa, Maze and Lin, 1975) all persist a 

little beyond fertilization, but degenerate soon afterwards. 

Those of the apomict c. jubata persist beyond the stage of 

maturity of the embryo sac into early embryogeny with 

decreasing activity. At the optical level they are still 

visible when the· embryo sac contains fully cellular 

endosperm, but lose their identity as growth of the embryo 

proceeds. 

In the Poz.ygonum-type, undifferentiated B-nucleate 

embryo sac of Angiosperms, cytokinesis is initiated at the 

chalazal pole and usually proceeds to the micropylar pole 

(Davis, 1966). Cytokinesis of the embryo sac follows the 

same pattern in the apomict C. jubata, with its smaller 

number of nuclei. The presence of wall ingrowths on the 

outermost walls of the antipodals in C. jubata is similar 
c:.v-.d Lo.y~el") 

to the condition described for Zea (Dibol¥, 1966) I although 

the ingrowths do not occur on walls between antipodal cells 

in C. jubata as they are reported to do in Zea. In the other 

grass species (Hordeum, Stipa) no ingrowths have been recorded. 

In C. juba·ta, plasmodesmata are numerous between adjacent 

antipodals, as they are in Stipa. Plasmodesmata occur ·also 

in walls separating the an~ipodals from the central cell 

where' continuity exists with the thin layer of cytoplasm 

lying against the walls. In Hordeum the antipodal nucleus is 

described as large and irregular as in C. jubata. . ~he 

observation of a rough endoplasmic reticulum connection to 

the outer nuclear membrane was made in one antipodal section 



of Stipa (Maze and Lin, 1975). In C. juhata there would 

appear to be a greater degree of activity between the 

nuclear membrane and the extra-nuclear endoplasmic system, 

based on the evidence of a number of endoplasmic reticulum 

connections. While the distribution of endoplasmic 
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reticul um i"s random in the early stages of antipodal 

development in Cortaderia, this is somewhat polarised at 

embryo sac maturity when stacks of cisternae are more often 

present at the end of the cells adjacent to the central cell~ 

Thi 5 is in accord with the findings on Stipa (Maze and Lin, 

1975) where greater numbers of cells near the adjacent 

central cell had a greater amount of endoplasmic reticulum 

than those deeper in the tissue. 

In Zea, cell wall formation is reported sometimes to 

be incomp}ete, resulting in a certain number of multi

nucleate cells. This has not been reported for the other 

grass antipodals studied ultrastructurally, nor in this 

work with C. jubata. 

The antipodals of C. jubaca, as in Stipa e~meri (Maze 

and Lin, 1975), possess certain features characteristic of 

transfer cells, such as transfer walls, extensive endoplasmic 

reticulum and active dictyosomes. The proximity of the 

chalazal nucellar cells, which are normally in a state of 

extensive degeneration, to the transfer walls of the 

antipodals, and the numerous plasmodesmata conferring 

complete cytoplasmic continuity between cells of " this tissue 

and the intensive endoplasmic reticulum system of the 

central cell, indicate an active absorptive and transference 

function for these cells. Another possible function of 

grass antipodals has been suggested by Brink and Cooper 



Fig. 102 

Antipodal cell with wall ingrowths on the embryo sac wall 

and plasmodesmata in the wall communicating with the 

adjacent antipodal cell. X 12540. 

Fig. 103 

Plasmodesmata occur in the walls of the antipodals, which 

are adjacent to the central cell, as well as in walls 

between adjacent antipodal cells. X 19665. 
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Fig. 104 

The lobed nucleus of this antipodal cell gives some 

indication of differentiation of the nucleoplasm with 

heterochromatin, as well as granular and fibrillar 

components. Particularly on the right (region of arrows) , 

the outer nuclear membrane appears to be associated with 

a fine fibrillar network and structures similar to 

nuclear pores. This is possibly a tangential section of 

the nuclear envelope. X 7410. 
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Figs 105, 106 

The outer nuclear membrane of these antipodal cells show 

connections to dilated ends or sectors of rough endo

plasmic reticulum (arrows). Heterochromatin occurs in 

convoluted masses through the nucleoplasm with attachments 

to the inner membrane of the nuclear envelope, and the 

nucleoplasm shows fibrillo-granular structure. 

105, X 12540; 0 106, X 19665. 

DER Dilated endoplasmic reticulum 

ER Cisternal endoplasmic reticulum 

HC Heterochromatin 

L Lipid body 

M Mitochondrion 

P Plastid 



105 

106 



Fig. 107 

-Antipodal cells appear to be metabolically active during 

the development of the embryo sac. Ribosomes are free in 

the cytoplasm or associated with membranes, and the 

endoplasmic reticulum may be in the tubular form with 

dilated ends, or more commonly as shorter dilated profiles. 

Mitochondria show a well developed internal structure of 

cristae in a dense matrix in which granules are sometimes 

visible (arrows), and dictyosomes, usually curved and of 

five to six parallel cisternae, produce very small 

vesicles. X 19665. 

Fig. 108 

An antipodal cell in which the contents are not as well 

defined as in Fig. 107, perhaps due to poor fixation. 

Mitochondria have a simple structure. Rough endoplasmic 

reticulum is in stacks in parallel array, and dictyosomes 

are numerous and produce many small vesicles. X 19630. 

D 

DV 

ER 

L 

M 

P 

R 

TER 

V 

-Arrows 

I\< 

Dictyosomes (group in Fig. 108) 

Dictyosome vesicles 

Endoplasmic reticulum 

Lipid body 

Mitochondrion 

Plastid 

Ribosomes 

Tubular endoplasmic ret~culum 

Vacuole 

Plasmodesmata 

Dilated ER 



108 



Fig. 109 

Antipodal cells in a degenerate condition. Extensive 

'vacuolation of the cells has confined the nuclei to 

fragments of cytoplasm against the cell walls. 

Plasmodesmata still show continuity of cytoplasm between 

antipodals and between antipbdals and the central cell. 

X 5700. 
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(1944), who concluded from results of endosperm and 

antipodal responses in hybrids that grass antipodals are 

involved in the control of early endosperm growth. If 

such were the case, then such cytological activities could 

account for the persistence of the antipodals during early 

embryogeny," despite the apparent reduction in their 

cytological activity. 

5. THE CENTRAL CELL 

The central cell comprises the remainder of the 

embryo sac after the cells of the egg apparatus and the 

antipodals have been delimited. It consists largely of 

a vacuole, while a thin layer of cytoplasm covers the 
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bounding walls, two sides of which (as seen in section) are 
. 

those of the original somatic cell which enlarged to form 

the embryo sac. 

This bounding wall of the central cell which is 

furnished by the embryo sac is invariably thick, with 

possibly a cuticular covering on the outer surface facing 

the nucellus, and an internal surface which is covered by 

wall ingrowths in varying degrees of density. Typically, 

the wall ingrowths are most numerous and largest in the 

micropylar region oftbe embryo sac near the egg, synergid 

and central cell nucleus, but they also occur at the 

chalazal end and on the side walls of the sac, but not on 

the wall dividing the antipodals from the central cell. 

At the micropylar end these wall ingrowths are normally 

richly produced and of such length that they are obvious 

under" the light microscope at higher magnifications 



(Fig. 15). In light micrographs, tangential sections of 

the embryo sac wall indicate a heavy covering of the 

surface with these ingrowths which, under the electron 

microscope resemble transfer walls (Fig. 110). They are 

associated with a thin layer of cytoplasm which covers the 

walls of the central cell and contairua large population 

of organelles. 
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Transfer walls of the central cell of the embryo sac 

are similar to those already described in the haustorium, 

but the wall ingrowths are usually longer and project 

further into the cell. 

The numerous organelles of the central cell cytoplasm 

are closely associated with the transfer walls and indicate 

high metabolic activity in these regions (Fig. 111). 

Mitochondria, usually oval in shape but also elongate or 

dumbbell-shaped, are numerous (Fig. 111). They may have 

a well-developed internal structure (Fig. 130) or a rather 

simple one (Fig. 111), as recorded for those of the 

haustorium, synergid and egg, ~~i th considerable clear areas. 

Numerous mitochondrial ribosomes appear to be present. 

Dictyosomes are present in abundance, in stacks of five to 

six cisternae and vesicles are produced in quantity 

(Fig. 111). Plastids occur in moderate amounts, are 

polymorphic and give indications of membranous structures 

in an electron dense matrix. 

Endoplasmic reticulum, either as strands o.r as 

dilated profiles are intimately associated with the wall 

projections. These often appear to be rough endoplasmic 

reticulum, but just as of"ten appear smooth, especially in 

the dilated form. In Figure 112, fixation processes have 
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caused the cytoplasm to pull away from the wall, making 

visible the endoplasmic reticulum dnd some of its 

ramifications among the wall projections. In Figures 

113-115, in an area where wall ingrowths are fairly sparse, 

strands of rough endoplasmic reticulum appear to make 

connections between adjacent ingrowths and then be 

associated with droplets, similar to lipid or protein 

bodies, collecting about the free end of the wall ingrowth. 

A tangential section of the embryo sac surface is shown 

In Figures 116 and 117, and here the concentric structure 

of the wall ingrowths make an even distribution pattern 

over the embryo sac surface. In a more oblique section of 

the transfer wall area (Fig. 118) central cell cytoplasm 

lies between wall ingrowths and contain ribosomes, 

mitochond~ia and dilated endoplasmic reticulum. In Figure 

119 some of the membranes located at the base of the wall 

projections are similar in form to dictyosomes. Wall 

ingrowths do not occur on the wall separating antipodqls 

from the central celli however, this wall bears many 

plasmodesmata. 

Usually two polar nuclei l one lying above the other 

along the longitudinal axis of the embryo sac, are suspended 

in the central vacuole by strands of cytoplasm connected to 

the ·periphery. The polar nuclei have been observed to lie 

closely adjacent and with isolated organelles in entrapped 

enclaves of cytoplasm between the fusing nucleoplasms 

(Fig. 120). The fused product of the two nuclei is known 

as the secondary or central cell nucleus 1 the latter term 

being, used in this account. The polar nuclei and central 

cell nucleus are all very large. All have a large nucleolus 
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which, when sectioned sagittally, either is a "ring"-type 

(Fig. 120), with a very large central vacuole and smaller 

scattered vacuoles around the dark electron dense perimeter, 

or is an electron dense body with one or two large circular 

vacuoles and several smaller ones of varying sizes, usually 

all containing moderately dense material of a granulo

fibrillar nature (Fig. 121). Both the polar nuclei and the 

single fusion nucleus can possess a "ringll-type nucleolus, 

and all are very large. In the absence of serial sectioning 

it is therefore not possible to be certain of the nature of 

the nucleus being observed. To avoid repetition in the 

following pages, it will be assumed that the nucleus of the 

central cell is indeed a fusion nucleus, and not one' of-

the polars. 

A characteristic feature of the central cell nucleus 

is its highly irregular shape, deeply convoluted or with 

long tentacle-like projections (Figs 122, 123). Between 

these projections cytoplasmic organelles - mitochondria, 

endoplasmic reticulum, plastids and vacuoles - are clearly 

visible. The central cell nucleus and the cytoplasm 

surrounding it invariably lie below the synergid-complex 

and envelop it closely. Neither- the developing egg nor the 

synergid bears a cell wall at the chalazal end, so that the 

plasmalemma of the central cell lies closely adjacent to 

those of both these cells (Figs 122, 123). Nuclear arms 

of the central cell also extend along the plasmalemma and 

commonly lie against it, bringing the central cell nucleus 

within very close proximity of the synergid or egg cell 

(Figs 122, 123). In Figure 124 the plasma membranes between 

the egg and central cell cytoplasms are becoming se~arat~d 



in some places. These may well be due to shrinkage during 

specimen processing and the pulling apart of membranes at 

these points, as certain fragments in Figure 124 would 

suggest, but may also be the beginning of wall formation 

(see section "Wall formation without a phragmoplast") • 

The deposition of a middle lamella will follow as has 
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occurred nearer the micropylar end. At certain places the, 

membranes are still contiguous and in fact there seems to 

be continuity. of endoplasmic reticulum-like cisternae 

between the two cells (Fig. 125). However, around the 

chalazal end of both egg and synergid, the typical 

appearance of an anastomosing system of endoplasmic 

reticulum through the central cell cytoplasm is confined to 

the narrow border that encloses the egg and synergid in some 

places and this does not stray into the adjacent cytoplasm 

but is confined by the closely appress~d plasma membranes 

(Fig. 126). The central cell nuclear envelope is richly 

supplied with pores which are readily observed when the 

nuclear envelope is cut tangentially (Fig. 127).· 

The cytoplasm in which the central cell nucleus is 

located and the strands which connect it to the periphery 

are rich in organelles (Figs 128-130). Flattened disternae 

of rough endoplasmic reticulum in parallel sheets or 

circular configurations are characteristic (Fig. 131). 

Dilated short lengths or groups of rough endoplasmic 

reticulum are also abundant, and both forms of endoplasmic 

reticulum are intimately associated with the outer nuclear 

membrane (Figs 132, 133). In addition, rough endoplasmic 

reticulum in parallel lengths encircles the numero·us 

vacuoles (Fig. 134), even when these are closely contained 
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within arms of the nucleus (Fig. 135). Ribosomes are 

abundant as polysomes, associated ..,ith membrane surfaces 

or as free groups (Fig. 130). Mitochondria, usually in 

the subspher-icalor oval form, are also in large numbers, 

and in the typically simple form with only a few cristae 

and fibrillar material in large, clear areas of the 

interior, as seen so often in the other reproductive cells 

of this species. That this simple form of structure could 

at times be a fixation artifact may be indicated by the 

appearance of mitochondria from a well-fixed specimen of the 

central cell cytoplasm of C. jubata (Fig. i 30). While the 

internal structure is still rather sparse in the number of 

cristae present, a much more active aspect of the organelle 

is presented. Plastids may bear starch granules or not, 

occur fre~ly in polymorphic form and reserr~le those 

associated with the transfer walls of the periphery 

(Fig. 129). Lipid bodies may occur in moderate numbers. 

Dictyosomes are abundant around the central cell nucleus, 

n in the cytoplasmic strands also, and produce m~ vesicles 

(Figs _136, 137). 

Discussion 

In the apomictic embryo sac of C. jubata there would 

appear to be no break in development of the most important 

cells of the reproductive system as this species is an 

autonomous apomict requiring no stimulus from fertilisation 

for embryogenesis to begin. Like the central cells of 

the sexual species already studied ultrastructurally (for 

references see beginning of this section) the central cell 

of C. jubata appears to be geared to intense metabolic 
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activity to a greater degree than any so far described. 

The presence of wall ingrowths allover the internal 

surface of the wall of the central cell of Cortaderia, with 

a particularly heavy development of them near the egg and 

synergid, is a striking feature of this species. Such 

projections are not reported on the inner face of the 

central cell in the reviews of transfer cells (Pate and 

Gunning, 1972; Gunning and Pate, 1974), but nevertheless 

they have been recorded in that position both before and 

after fertilisation by a number of workers (e.g., Vazart 

and Vazart, 1966, in Linwni Newcomb and Steeves, 1971, in 

HeUanthusj Torosian, 1971, in Lobelia). Tile. only instance 

of the presence of projections on the wall of the central 

cell in a member of the Gramineae is the report by Diboll 

and Larsen (1966) for Zea. Howeve~, in that species the 

projections are very inconspicuous and are confined to a 

small region near the synergids. The condition here 

reported for CortadBPia, where wall ingrowths occur over the 

whole surface of the central cell, appears to be unique, 

certainly among grass genera, and should be further 

investigated. 

The presence of these wall ingrowths would indicate 

that the embryo sac absorbs nutrients from the surrounding 

tissues on a massive scale. It has been established 

(Gunning and Pate, 1969; Zee and O'Brien, 1971) that 

lanthanum hydroxide colloid can penetrate the matrix between 

the microfibrils of wall ingrowths. This indicates the 

presence of fairly large, open channels apparently forming 

a network probably larger than 2 nm in diameter, allowing 

the mass flow from without of water and solutes into the 
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cell via the wall ingro~ths. This is in addition to 

nutrients which are imported from tissues further removed 

from the vicinity of the embryo sac by the extension of the 

haustorium which is able to tap nutritional sources at some 

distance and to transport thes·e back to the" synergid. The 

synergid itself, which does not possess a cell wall at the 

chalazal end during the greater part of the active life of 

the haustorilun, is in intimate association with the. highly 

developed endoplasmic reticulum system of the central cell. 

The closely appressed plasma membranes of synergid and 

central cell have considerable quantities of endoplasmic 

reticulum running parallel to their surfaces and presumably 

directly concerned with the delivery of solutes to and from 

the plasma membrane surfaces. The antipodal cells, near 

the chalazal end of the sac, are also involved in the 

nutrition of the sac, as was · suggested in the late 

nineteenth century by many botanists (see revie~ of Huss, 

1906). Wall ingrowths are present on the outer walls of 

antipodals, but on walls between antipodals and between 

antipodals and the central cell they are absent but 

plasmodesmata are abundant. Plasmodesmata appear also on 

the walls which develop between the egg and the central cell 

and between the synergid and the central cell. It would 

appear, then, that the embryo sac of C. jubata is highly 

adapted. to rapid, unimpaired growth, with morphological 

features which indicate that the central cell is the 

important centre of this activity. In this respect, the 

highly convoluted central cell nucleus which has not been 

reported in any previously described sexual embryo sac, 

may indicate a heightened nuclear/cytoplasmic relation 



within the central cell itself and perhaps influence over 

the synergid and egg by reason of its intimate proximity 
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to these cells. The correlation of an irregular nuclear 

outline with cell secretion has been postulated by a number 

of authors, both from light microscope (e.g., Schniewind

Thies, 1897; Gerola, 1953) and electron microscope studies 

(e.g., Schnepf, 1964; Perrin and Zandonella, 1971). 

Because of the very sinuous outline of the nuclei of the 

suspensor in the embryo of P"haseoZus, with many pores, Schnepf 

and Nagl- (1970) concluded that the suspensor has a secretory 

function. It would appear, then, that the central cell 

nucleus of C. jubata, with its highly irregular form· and very 

large number of nuclear pores at close and regular spacing 

over the nuclear surface, also has a secretory function, and 

judging by its size and close association with the egg 

apparatus, it plays a vital part in the processes of the 

apomictic sac. An early report on the central cell nucleus 

of Linum (Vazart and Vazart, 1965) describes this cell as 

possessing "tentacle-like lobes", but the nucleus is not so 

described in their later publications (1966, 1969) and their 

figures do not SUbstantiate the description. In Plumbago 

(Cass and Karas, 1974) the central cell nucleus is described 

as somewhat lobed, but this feature is obviously very slight 

as compared wi th that of C. jubata. 

A number of reports have commented on a very large 

nucleolus, with large vacuolar areas and other small areas 

of low electron density (e.g., in barley, Cass and Jensen, 

1970; Zea, Diboll and Larsen, 1966; Stipa, Maze, 1974; 

Plwnbago, Cass and Karas, 1974; He Zianthu8 , Newcomb, 1973a; 

CapseUa, Schulz and Jensen, 1973). 'l'he nucleolus of the 
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central cell of C. jubata is similarly large with a huge 

central area of low electron density and many smaller such 

areas within the ring-like electron dense material bounding 

the nucleolus. Such a structure is interpreted as 

indicative of high protein synthesis 'as it is well known 

that the nucleolus is the site of synthesis of ribosomal 

RNA. _ 

The detailed description of embryo sac development 

in BeUan-thus (Newcomb, 197 3a, b) warrants comment, as some

of its features are similar to some found in C. jubcrta. -

The author reports that triple fusion does not always occur 

in sunflower, as some embryos have been found developing, 

not in the presence of endosperm but in central cell 

cytoplasm with the fusion nucleus, or sometimes even in 

central c~lls which lack a fusion nucleus. Apart from the 

possibility that these are sectioning artifacts, which the 

author discounts, the conclusion is ,based on the presence of 

a disintegrating synergid, which is taken to indicate that 

a pollen tube has entered and the egg been fertilised. 

Newcomb, therefore, considers apomixis unlikely. In 

addition, his observation of meiosis in the development of 

the female gametophyte indicates to him that the egg is 

haploid and incapable of development without fertilisation. 

Because of certain features in this study, I feel 

there is a possibility that apomixis may sometimes occur in 

Bel.ianthu8. Apart from the ' fact that embryo development 

without concomitant development of the endosperm has not 

been recorded, to my knowledge, in sexual forms, the early 

stages of embryo growth can occur in C. jubata and in other 

apomicts (see Part 1) before endosperm development begins, 



Fig. 110 

Wall ingrowths of the central cell near the chalazal end· 

of the synergid and egg. The cytoplasm is dense with 

ribosomes and contains also mitochondria, dictyosomes and 

dilated endoplasmic reticulum in which electron dense 

droplets are accumulating. X 1B700. 
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Fig. 111 

central cell cytoplasm and t~a~sfer-walls. The high rate 

of metabolic activity in this J;"€:gion is shown by the number 

of organelles assoc.:i,ated with the l'i~ll ingrowths. Dilated 

endoplasmic reticulum with 'conten:t.s of moderate electron 

density ramify through the cytopla~m and between the wall 

ingrowths. Dictyosomes produce many small vesicles. 

Mitochondria are numerous but not always well defined and 

plastids are large and polymorphic and show a few internal 

membranous structures as well as a ,double outer membrane. 

X 25960: : 

-CCW Central cell wall 

o Dictyosome 

ER Endoplasmic reticulum 

M Mitochondrion 
- '\.~ :' I" ~ ,-;. ,:' ~ -'-. ~ ~ l 

P Plastid'-'with- starch granule 

WI Wall ingrowth 
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Fig. 112 

Wall ingrowths and cyt.oplasm at the micropylar end of the 

central cell. The cytoplasm, which gives almost a negative 

staining effect, has pulled away from the wall processes, 

due to shrinkage during processing. Some of the 

ramifications of the endoplasmic reticulum can be seen 

between the wall ingrowths, and also their connections 

with the endoplasmic reticulum of the cytoplasm beyond the 

ingrowths. Dictyosomes are producing many vesicles and 

mi tochondria show faint str.ucture and numerous intra

mitochondrial ribosomes. Cytoplasmic ribosomes are mainly 

free. Wall ingrowths show a certain orientation of 

fibrillar components which appear concentric in transverse 

section. X 26775. 

D Dictyosome 

ER Endoplasmic reticulum 

M Mitochondrion 
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Figs 113, 114, 115 

Wall ingrowths of the central cell, and their association 

with rough endoplasmic reticulum. In this central cell 

cytoplasm (Fig. 113), where wall ingrowths and organelles 

are fewer than usual, rough endoplasmic reticulum appears 

to be mainly associated with the free ends of the ingrowths 

where a deposit of lipid or protein-like material collects. 

This deposit may also be detected within a plastid with a 

shallow depression with cytoplasmic-like contents (Fig. 

114) and between dumbbell-shaped plastids (Fig. 115). 

Mitochondri.a show a nwnber of cristae in Fig. 115, 

dictyosomes are in stacks of five to six cisternae and are 

producing vesicles. In Fig. 115, a whorl of membrane-"like 

structures (*) in the wall below a wall ingrowth resembles 

the strands between ingrowths, in Fig. 112. 

113, X 26775; 114, X 30612; 115, X 43740. 
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Figs 116, 117 

Central cell wall in tangential section. The concentric 

structure of the wall ingrowths in transverse section 

makes an uneven distribution pattern over the wall surface. 

This is shown at higher magnification in Fig. 117. 

116, X 7695; 117, X 19665. 

ccw Central cell wall 

WI Wall ingrowth in transverse section 
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Fig. 118 

Wall ingrowths and central cell cytoplasm in oblique 

section. The finger-like wall projections which branch 

' and bend in and out of the micrograph are closely 

associated with cisternae of dilated endoplasmic reticulum 

and areas of cytoplasm bearing a dense population of 

ribosomes and organelles, mainly mitochondria. Lipid or 

protein droplets.are also present, as well as small 

single-membrane bound vesicles (*) which appear to arise 

as invaginations of the endoplasmic reticulum membrane 

and are released into the endomembrane system. These 

vesicles appear to contain ribosomes similar to those of 

the cyt,oplasm. X 19790. 

Fig. 119 

Membranous structures at the base of wall ingrowths, -the 

central one resembling a structure more deeply embedded 

in the wall in Fig. 1-15, which are similar to membranes 

pulled apart among the ingrowths in Fig. 1,12. X 26606. 

CCC Central cell cytoplasm 

CCW Central cell wall 

ER Dilated endopl~smic reticulum 

L Lipid body 

M Mitochondrion 

MS Membranous structure 

Vs Vesicle 

WI Wall ingrowth 

* Single-membrane bound vesicles 
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Two polar nuclei, one sectioned centrally and showing a 

ring-type nucleolus, lie closely adjacent to one another, 

with organelles trapped between the fusing nucleoplasms. 

A number of vacuoles lie between the lobes and arms of 

these nucl~i. X 6000. 
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Fig. 121 

Central cell nucleus with nucleolus having a large 

electron dense area and a few nucleolar vacuoles. 

X 9040. 

CCV Central cell vacuole 

NE Nuclear envelope 

NLV Nucleolar vacuole 

NM Nucleoplasm 

NL Nucleolus (electron dense area) 
sy Synergid 
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Figs 122, 123 

The long arms and deep convolutions of the central cell 

nucleus are shown here together with the rich organelle 

population of the central cell cytoplasm. When sectioned 

obliquely, the nuclear envelope, bearing many pores, shows 

its association with dilated ER (arrow). Vacuoles occur 

among the convolutions of the nucleus, as do other 

organelles - mitochondria, polymorphic plastids, some with 

starch granules, endoplasmic reticulum cisternae and lipid 

bodies. 122, X 19500; 123, X 10800. 

CCC Central cell cytoplasm 

CCN Central cell nucleus 

CCV Central cell vacuole 

D Dictyosome with vesicles 

ER Dilated endoplasmic reticulum 

L Lipid body 

NA Nuclear arm 

NP Nuclear pores 

P Plastid with starch granules 

Sy Synergid 

* Myelin-like body 
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Fig. 124 

Polar nucleus lying in close proximity to the egg cell. 

The two are separated only by their plasma membranes 

bounding narrow spaces which may be the result of specimen 

processing, or, alternatively, they may be a prelude to 

wall formation. EndQplasmic reticulum continuity between 

egg and polar nucleus still persists (black arrow). 

X 15174. 

Fig. 125 

. 
Detail of Fig. 124. Cytoplasmic bridges still give 

endoplasmic reticulum continuity between the two cells. 

X 28980. 

EC Egg .cytoplasm 

EV egg vacuole 

NE Nuclear envelope (open arrow) 

PN Polar nucleus 
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Fig. 126 

Egg cell (chalazal end) enveloped by central cell 

cytoplasm closely appressed and separated only by :the 

plasma membranes (black arrow). X 140BO. 

Fig. 127 

The central cell nuclear envelope is richly supplied with 

pores which are revealed when a glancing section is made 

of the nuclear surface. X 15840. 
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Fig. 128 

Central cell nucleus and organelles suspended in a 

cytoplasmic strand. Circular configurations and parallel 

sheets of rough endoplasmic reticulum are abundant, and 

dictyosomes produce numerous vesicles. X 7695. 

CCV Central cell vacuole 

D Dictyosome and vesicles 

ER Endoplasmic reticulum 

M Mitochondrion 

N Nucleus 

P Plastid 



ccv 

128 



Fig. 129 

Central cell cytoplasm in a strand. Plastids are poly

morphic, may bear several starch granules, and show 

evidence of structure in their matrices. Mitochondria 

are of simple structure. Rough -endoplasmic reticulum 

occurs in circular configurations, in parallel sheets, 

or in single tubular form. X 9100 .. 

Fig. 130 

Mitochondria from a well-fixed specimen of central cell 

cytoplasm, showing a few cristae and other vesicular 

structures, as w~ll as granules, mitochondrial ribosomes 

and small fibrils. Ribosomes occur on membrane surfaces 

and also are free in the cytoplasm. X 31850. 

CCC Central cell cytoplasm 

D Dictyosome -

ER Rough endoplasmic reticulum (dilated in Fig. 130) 

M Mitochondrion 

MG Mitochondrion with granules 

P Plastid with starch granule 

R Ribosomes 

SY Synergid 

V Vacuole 





Fig. 131 

Parallel sheets of tubular or flattened endoplasmic 

reticulum cisternae in the central cell cytoplasm 

associated with the nucleus. X 18745. 

ER Rough endoplasmic reticulum in parallel sheets 

M Mitochondrion 

N Nucleus. 

'P Plastid with starch granule 
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Figs 132, 133 

The highly sinuous outline of the central cell nucleus has 

many extensions into the cytoplasm from the outer nuclear 

membrane (arrows). These often appear to take the form of 

fenestrated lamellae (Fig. 132). 

132, X 18630; 133, X 18708. 

ER Rough endoplasmic reticulum 
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Figs 134, 135 

Rough endoplasmic reticulum encircles vacuoles in the 

central cell cytoplas"m (Fig. 134) even when a vacuole 

is enclosed by the lobes of the nucleus (Fig. 135). 

134, X 21000; 135, X 12540. 
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Figs 136, 137 

In these figures, groups of dictyosomes produce abundant 

vesicles in the central cell cytoplasm around the nucleus. 

Vesicles appear to fuse to form vacuoles. 

136, X 24840; 137, X 17600. 
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and even before the two polar nuclei fuse. Continued 

development of the embryo, hO\lleVer, is dependent on 

the eventual appearance of endosperm. 

A degenerate synergid could occur without 

fertilisation taking place, and the observation of meiosis 

in the development of the megagametophyte would not 

necessarily apply to the particular mature sections on 

which his conclusions were founded. 
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In addition to these comments, the appearance of the 

fusion nucleus, with its ring-type nucleolus, and its 

position in very close proximity to the boundary of the egg 

which in this region consists mainly of two plasma membranes 

closely appressed, is similar to that found in C. jubata, 

except, of course, that the latter species possesses a 

central cell nucleus of unusual convolute form. One other 

apparently similar feature is worthy of mention - that of 

the abnormal cell which Newcomb reports in the synergid. 

While little detail is given, it appears comparable to the 

puzzling wall which divides or partially divides a section 

of the haustoriwn and synergid in C. jubata. 

From the above facts, I feel that some of the 

somewhat anomalous featnres reported in HeZianthus, which 

belongs to a family in which apomixis is common, could be 

due to an apomictic development of some of the embryo sacs 

studied. 

6 • THE ENDOSPEru1 

In this project no attempt was made to follow in full 

the course of embryogenesis. and the concomitant changes in 

the embryo sac. However, observations on the endosperm were 



made in the course of the investigation and some are 

presented here, which, although somewhat random, have 

considerable interest and would repay further study. 
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Nuclei of the endosperm come to lie around the 

periphery of the embryo sac as the young embryo develops~ 

and the time of their a"ppearance in relation to the early 

stages of embryogenesis appears to be variable. It has 

already been noted that in C. jubata divisions of the central 

cell nucleus may be delayed beyond the time of division of 

the egg so that a pro-embryo of several cells may lie in 

an embryo sac wh"ich contains a central cell nucleus or even 

two unfused polar nuclei. The chromosome number of C. juh"ata 

"has been determined as 2n = 108 and the basic haploid number 

of the genus as 9 (Connor, 1965). C. juba:ta is therefore 

12-ploid. Fusion of the diploid polar nuclei would result 

in a central cell nucleus of extremely high chromosome 

number. The determination of the number by squash technique 

would be impracticable. Until DNA determinations are made 

on endosperm nuclei to ascertain their degree of ploidy, 

the question of whether fusion of polar nuclei always occurs 

must be left unanswered. Also, the variable number of nuclei 

which may develop in the embryo sac of this apomictic 

species sometimes indicates that only one nucleus appears to 

be present in the central cell. This, of course, may be a 

processing and sectioning artifact which could be resolved 

after more successful fixation methods for this difficult 

material have been devised. 

Endosperm nuclei in the free state are usually of 

irregular profile, often elongate and are typically highly 

lobed. The nucleoplasm may appear at times diffuse, almost 



sparse, its fibrillar nature giving it a net-like appearance 

with denser clusters or grouPG of granular material often 

located at regular intervals on the inner surface of the 

nuclear envelope .as well as through the volume of the 

nucleus (Fig. 152). At other times, the nucleoplasm appears 

to be highly dense, with small areas of electron opaque 

material scattered through the nucleoplasm (Fig. 138) ~ In 

all cases nucleoli are extremely large, two or more may be 

present, and they usually show several nucleolar vacuoles.-

The endosperm cytoplasm may have several aspects: 

(1) In some cases there is an abundance of single 

ribosomes which are present in such numbers that other 

organelles are revealed against a dark background, as in 

negative staining. In these conditions a highly 

anastomosing system of endoplasmic reticulum in continuity 

with the nuclear envelope (Fig. 138) is seen to penetrate 

all portions of the cytoplasm (Fig. 139). The densest 

cytoplasm is in the form of an irregular zone in the 

vicinity of the nucleus. This zone gives way to a system 

of highly convoluted and anastomosing vacuoles and the 

dense cytoplasm is reduced to an open labyrinth (Fig. 139) 

vacuoles appear to arise in two different ways: (i) by 

dilatation of short lengths of endoplasmic reticulum or the 

enlargement of end points of short branches; or (ii) by 

encirclement·of portions of cytoplasm by endoplasmic 

reticulum and subsequent autophagy of the enclosed cytoplasm. 

These processes can be follm>led in sequence in Figure 140, 

to an end result where a reticulated system of vacuoles 

fragments an area of cytoplasm into islands, convoluted 



between the vacuoles, and often containing organelles 

(Fig. 139). Wall formation is initiated along existing 

strands of cytoplasm and often adjacent to broad areas of 

fragmented vacuolar space, 

97 

Organelles associated with this free nuclear state of 

endosperm' are characteristically present in large numbers 

(Figs 141, 142). Plastids are large and polymorphic; 

occasionally they contain starch granules, but otherwise 

show little structure in their electron dense matrices. 

The greater part of the plastid is made up of an area, 

usually large, which appears to be typical cytoplasm that 

has become contained within a pocket of the plastid. 

Mitochondria are abundant and large, and are extremely 

polymorphic. All forms show a highly developed internal 

structure of short cristae in a matrix of high electron 

density perhaps due in part to vast numbers of mitochondrial 

ribosomes. Many are elongate structures with enlarged ends 

connected by lengths of apparently undifferentiated matrix 

which are so narrow as to be almost strand-like in their 

form. These forms quite frequently are associated together 

to make what appears to be an irregular, but continuous ring. 

In other cases, a ~ingle long mitochondrion may lie 

extended, or again lie-in a curve with enlarged ends quite 

close together. In still other cases, the organelle may 

appear to be comple·tely wrapped around an area of cytoplasm, 

so that the cytoplasm appears contained by the mitochondrion .. 

Such mitochondria may also present a squat cup-shaped 

appearance. Dictyosomes are difficult to observe in 

endosperm of this type and may well be present more often 

than would appear. Lipid bodies are corrunonly associated 
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with free nuclear endosperm in C. jubata. In Figures 143-144 

droplets are developing among the organelles,· one adjacent 

to rough endoplasmic reticulum and the· other apparently in 

the cytoplasm-like area within a mitochondrion. 

Some variation has beenopserved within the endosperm 

cytoplasm in which free ribosomes are abundant. 

Wall ingrowths may be observed when nuclear endosperm 

is present in the embryo sac, but they present an aspect of · 

decline and metabolic inactivity (Fig. 145). Cytoplasm 

which normally envelops them closely apparently pulls away 

from the wall (which condition may be due to plasmolysis) , 

and the space between it and the plasma membrane may contain 

small organelles and fibrillar material, this often 

emanating from the ingrowth itself. The endoplasmic 
. ~ 

reticulum of this particular stage is reduced to a ciste~al 

in parts of somewhat dilated form, which closely follows 

the contour of the plasma membrane with occasionally single 

strands and loops deeper in the cytoplasm (Fig. 146). 

Broad cisternae of dilated endoplasmic reticulum can be 

located within the cytoplasm . which coritain fragments, 

usually circular in form, apparently derived from the 

surrounding cytoplasm by invagination of the endoplasmic 

reticulum membrane (Figs 147, 148). Often, lipid bodies 

are closely associated with endoplasmic reticulum which is 

continuous with dilated areas containing inclusions 

(Figs. 147, 149). Apart from a supposed lytic action on 

the enclosed cytoplasmic-like portions contained within 

these dilated endoplasmic . reticulum cisternae, their 

function is unknown. Mitochondria are in the form of 

dumbbell shapes, which may be curved with enlarged ends 



lying adjacent or sometimes.togethe~ to form a ring-like 

structure. Others appear to be true rings, enclosing 

cytoplasm often with a small mitochondrion included 
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(Figs 145, 146). Occasionally the central area is occupied 

by a lipid-like body (Fig. 144). All mitochondria show a 

highly differentiated system of short cristae in a dense 

matrix . (Figs 145-147, 149). Plastids are polymorphic . and 

numerous with a heavy electron opaque matrix showing little . 

internal structure other than the presence of a starch 

granule.· Dictyosomes are present in small numbers and 

produce very small vesicles from the ends of their cisternae. 

Ribosomes are associated with the endoplasmic reti9ulum 

system but also occur free in the cytoplasm. 

Figure 150 depicts a single endosperm nucleus lying 

in the central cell cytoplasm and surrounded by cytoplasm 

of heavy ribosome density. Mitochondria and plastids are 

polymorphic, endoplasmic reticulum is mostly in the form of 

long, single strands and dictyosomes and vesicles are 

numerous. 

Several nuclei may lie together in a cytoplasmic 

strand as illustrated in Figure 151. Mitochondria are here 

mostly spherical in form, with a poorly defined internal 

structure (perhaps a fixation artifact). Some of the 

elongated dark bodies may be plastids. The anastomosing 

endoplasmic reticulum system could be initiating fragment

ation of the cytoplasm in the manner described above (in 

Fig. 140). The impression is gained of an irregular 

nuclear outline, and several nucleoli. A flocculent 

precipitate is present in the cell vacuole. 
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(2) In other cases, endosperm cytoplasm is 

characterized by the abserice of single ribosomes and their 

presence on the outer surface of organelles, where they are 

arranged along short fibrils or occur in groups and impart 

a hazy or rough outline to the surface. Only plastid and 

lipid surfaces are free of ribosomes. Heavily ribosome-

coated cisternal endoplasmic reticulum is prominent in the 

cytoplasm, often in whorls (Fig. 152) or large loops 

(Fig. 153), while vesiculate endoplasmic reticulum also 

occurs. Subspherical or lenticulate vesicles may occur in 

chains, each with a heavy ribosomal coating (Fig. 154). 

In oblique section, however, these vesicles show attachment 

to a tubular portion, 50 that they would appear to be the 

enlarged ends of tubular, rough endoplasmic reticulum 

(Figs 154, 155). In some instances, it is possible that 
• 

the enlarged ends are released from the endoplasmic 

reticulum attachment, and lie free in the cytoplasm as 

coated ve~icles (Fig. 155). Mitochondria are oval or 

subspherical with a sparse structure and ribosomes are 

grouped and typically associated with membrane surfaces, 

as already described. Plastids are polymorphic. Long, 

narrow forms may bear starch granules in an enlarged end, 

and an area of cytoplasm-like material at the other end, 

or only starch granules may be present (Fig. 156). Lipid 

bodies of various sizes also occur in thecy.toplasm. 

Nuclei in cytoplasm of this kind have nQt been seen to have 

outer membrane continuity with the endoplasmic reticulum. 

(3) other specimens of endosperm with II rough" 

organelles show the cytoplasm to be mainly composed of 
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tightly packed bodies of various sizes (Figs 157, 158), 

the majority of the larger bodies being circular in outline 

but with many between them of a more lenticular shape. The 

larger bodies are mitochondria in that they possess a 

double-membrane bound wall and bear contents, although 

sparse and .fragmentary, which resemble the cristae of 

mitochondria. The smaller bodies would appear to have a 

single-membrane bound wall. Both types are covered in 

ribosomes so that outlines are uncertain. contents of the 

smaller vesicular-like bodies appear to be a moderate ·to 

sparse sprinkling of ribosomes associated in small groups 

or on fibrils. These bodies ~re probably vesicular 

endoplasmic reticulum whose suggested formation is depicted 

in Figures 153-155. Typical small vacuoles with tonoplasts 

are presetlt which increase in si ze to\'lards the periphery of 

the cytoplasm. Plastids are present in some numbers and 

are usually of an elongate form but· relatively short and 

thick. They bear varying sizes of starch granules. Lipid 

bodies are common. 

Discussion 

The observations presented here indicate that a 

highly active role is played by the endosperm in the 

metabolism of the embryo sac associated with embryogenesis. 

The important part played by wall ingrowths in the 

transference of essential metabolites into the embryo sac 

from degenerated tissues outside, seems to decline during 

the development of nuclear endosperm. This is in contrast 

to earlier reports. For example, in the pea embryo 

(Marinos, 1970), in SteUaria (Newcomb and Fowke, 1973) 1 in 
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CapseUa (Schulz and Jensen, 1974) and in HeUanthus (Newcomb, 

1973b) wall ingrowths develop in both micropylar and 

chalazal regions of the embryo sac after fertilisation and 

during early endosperm development. Simf.larly, the 

synergid, which in C. jUbata is assumed to be part of a 

transport system for the importation of nutrients via the 

haustorium, becomes highly vacuolate and eventually assumes 

a collapsed aspect, although the haustorium beyond _appears 

to remain active longer than the synergid. 

Observations on the vacuolation of the endosperm 

cytoplasm in certain developmental stages are of interest 

in the light of the interpretation of similar events 

recorded in Matile (1975). While the apparent origin of 

vacuoles by autophagy of cytoplasm engulfed by encircling 

endoplasmic reticulum membranes and the dilatation of short 

branches of endoplasmic reticulum apparently directly into 

vacuole-like areas were made,independently in this work on 

endosperm of C. jubata, they would appear to support similar 

interp~etations of observations reviewed by Matile. 

The decline of wall ingrowth activity and also 

apparently that of the synergid-haustorial system during 

the period of free nuclear endosperm seems to indicate 

either that the functions which these structures fulfilled 

are no longer required, that they are required but on a 

reduced scale, or that they have been taken over by other 

components of the embryo sac. The changes in form of the 

-mitochondria are marked, as are those of plastids (but to 

a lesser degree), and the presence of ribosomes free in the 

cytoplasm or bound to membrane surfaces indicates changing 

patterns of function. In an ultrastructural study of early 



endosperm development in Que~cusJ Singh and Mogensen 

(1976) found some similarities to features of c. jubata 

endosperm. In the 2-celled embryo stage, ribosomes were 

both free in the cytoplasm and membrane associated, the 

endoplasmic reticulum cisternae were mainly lamellate 
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and located peripherally, mostly close to the plasma 

membrane, and mitochondria were highly vacuolate with an 

electron translucent stroma. Vacuoles were observed to 

produce invagina-tions of the tonoplast, with the production 

of isolated areas of cytoplasm contained within them. In 

the 6- to 12-celled embryo stage, when active cellular

ization had begun, mitochondria were of normal aspect, 

with a well-developed internal structure, plastids were 

fewer but larger than mitochondria, but starch was very 

rare. Vesicularisation of endoplasmic reticulum had 

occurred, and dilated portions of the cisternae sometimes 

contained cytoplasmic ribosomes together with a variety 

of other inclusions. Lipids were present in all stages 

of development with an increasing electron density. 

At the globular embryo stage, mitochondria were 

again of highly vacuolate and electron translucent type 

in endosperm cells and plastids were variable in shape, 

while lipid bodies were numerous and also of high electron 

density. Similar variation in the appearance of endosperm 

mitochondria occurs also in c. jubata. In addition to an 

internal structure, which may appear either simple or 

highly organized, these bodies may show a most unusual 

elongate structure" capab'le of linking together _tq form 

irregular but continuous rings which may enclose very 
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large areas of endospermic cytoplasm. Similar mitochondria 

have been reported by Gunning and Steer (1975) in some root 

cells of Lupinus albus. Again, in some instances in C. jubata~ 

mitochondria of the more usual type may have surface 

depressions filled with cytoplasm or even with lipid. 

Similar forms have been reported in the endosperm of 

CGpsella (Schulz and Jensen, 1974) but in this case, the 

cytoplasm-containing bodies are plastids, and mitochondria 

appear to be of the usual oval or subspherical shape. 

In all ' the, stages of free-nuclear endosperm observ~d , in 

this project, starch granules were plentiful. Such is 

not the case in Piswn (Marinos, 1970), Helianthus (Newcomb, 

1973b), CapseUa (Schulz and Jensen, 1974) nor in Que!'cu8 

(Singh and Mogensen, 1976) where starch is described as 

rare. However, Buttrose (1963) reports the accumulation 

of starch in the cells of wheat endosperm. The vesiculation 

of endoplasmic reticulum and the inclusion of cytoplasmic

like bodies within endoplasmic reticulum cisternae have 

been observed also in Cortaderia, although llot the 

invagination of the tonoplast membrane and the pinching 

off of cytoplasmic islands into vacuoles. 

The beginning of wall formation has been observed 

in both the free and bound ribosome types of endosperm, 

as discussed in the following section, and it is not known 

how the differences in organisation of the free nuclear 

state in the endosperm, as described here,' are related 

to age. 



Fig. 138 

The highly lobed endosperm nucleus in the free nUclear 

state of endosperm, has a dense nucleoplasm with scattered 

areas of granular material throughout. The nuclear 

envelope shows numerous continuities with the endoplasmic 

reticulum system. X 13800. 

Fig. 139 

The dense cytoplasm surrounding the nucleus is penetrated 

in all parts by the anastomosing endoplasmic reticulum. 

Further out, a reticulate vacuolar system gives a 

labyrinthine aspect to the convoluted fragments of , 

cytoplasm. A developing wall (arrows, top right hand 

corner) appears. to be associated with very little 
(.:' , 

cytoplasm. (for greater detail see Fig. 140.) 

X B800. 
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Fig. 140 

Stages in the fragmentation of the cytoplasm by the 

endoplasmic reticulum is shown in this micrograph. 

X 13800. 
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Figs 141, 1 42 

Organelles of the free nuclear state of endosperm in which 
'0 

ribosomes are free in the cytoplasm. Mitochondria are 

large and numerous, with a well developed internal 

·structure of cristae and many mitochondrial ribosomes. 

Some mitochondria show surface depressions in whi,ch typical 

cytoplasm is contained. Others are extremely long, with 

narrow, apparently undifferentiated lengths connecting 

enlarged differentiated ends. Some of these elongated 

forms appear to combine into continuous but irregular 

rings. Plastids are polymorphic with heavy electron dense 

matrices, which sometimes show a few mer.lbranous structures. 

Plastids may have starch granules or a shallow surface 

depression with cytoplasm like some mitochondria. 

141 . and 142, X 18000. 
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Fig. 143 

Lipid bodies are common in endosperm cytoplasm. Here one 
G) 

is in close association with rough endoplasmic reticulum 

near enclosed small cytoplasmic areas. X 23320. 

Fig. 144 

A large mitochondrion contains a lipid body in its 

surface depression. X 23320. 
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Figs 145, 146, 147 

Wall ingrowths appear metabolically i~active when the 

-embryo sac contains endosperm. The cytoplasm pulls away 

from the wall and small fragments and fibrils occur in 

the space so formed. - Fibrils often remain associated 

with -the wall ingrowths themselves (unlabelled arrows) . 

Ribosomes are still present in the cytoplasm in large 

numbers but the endoplasmic reticulum occurs mainly along 

the periphery where it closely follows the contour of the 

plasma membrane (Fig. 145). Occasionally loops and 

strands penetrate deeper into the cytoplasm (Fig. 146) 

1~5, 9975; 146, X 17100; 147, X 12100. 
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Figs 148, 149 

Dilated areas contain inclusions, apparently cytoplasmic, 

which seem to result from the invagination of the 

endoplasmic reticulum (Fig. 149, arrow). Such dilated 

areas with inclusions may show associated lipid bodies 

. (Figs 147, 149). 

148, X 36570j 149, X 18480. 
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Fig. 150 

A single nucleus lies in the coenocytic endosperm 

surrounded by vacuolar space. The cytoplasm is dense with 

vast numbers of ribosomes, is penetrated by flattened 

endoplasmic reticulUm cisternae which are continuous with 
-~ . -

the outer nuclear membrane in places (arrow). The 

nucleolus is large-with several nucleolar vacuolar areas. 

The nucleoplasm- ia dense with scattered ~reas of chromatin 
.'" material. Plastids may contain starch and ~re polymorphic, 

as are the mitochondria. Dictyosomes are frequent and are 

actively producing ve~icles. X 10863. 
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Fig. 151 

Several nuclei may lie together in a coenocytic endosperm 

strand surrounded by vacuolar space (liquid endosperm) • 

Here an irregular nuclear outline and several nucleoli 

demarcate a nuclear area which is apparently penetrated by 

anastomosing endoplasmic reticulum and some cytoplasmic 

organelles. In this specimen mitochondria are mostly 

spherical in shape with somewhat simple internal structure. 

Endoplasmic reticulum occurs in sheets, or in single 

strands, plastid~ are polymorphic, and lipids and small 

vacuoles are numerous. X 5612. 
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Figs 152, 153 

Nucleus and cytoplasm from free nuclear endosperm. The 

elongate, lobed nucleus has a diffuse appearance with 

clumps of chromatin material often associated with the 

peripheral nuclear zone. Ribosomes are characteristically 

associated with membrane surfaces or are grouped in the 

cytoplasm. The endoplasmic reticulum system is conspicuous 

in its cisternal form, often in whorls (Fig. 152) or large 

loops (Fig. 153). Vesiculate endoplasmic reticullIDl also 

occurs. Mitochondria show a sparse or simple structure. 

Dictyosomes and their vesicles also occur, as well as 

lipid bodies. 152 and 153, X 22500. 
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Fi gs 15 4 , 155 

Len ticular or subspherical bodies, sometime's in chains, 

seem to be produced from the ends of endoplasmic 

reticulum to lie in the cytoplasm as coated vesicles. 

Some l in more oblique section, show short l tubular 

attachments (*). The arrow~ in Fig. 155 indicate a 

-length of rough endoplasmic reticulum with enlarged 

ends l one possibly already detached. 

154 and 155, X 52785. 
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Fig. 156 

Endosperm with ribosomes associated with membrane surfaces 

have mitochondria with an apparently simple structure. 

Plastids are polymorphic, and may be long and narrow. 

Plastid matrices are fairly uniformly electron dense, but 

they may show one or two starch granules, and sometimes 

also a surface depression containing cytoplasm. Lipid 

bodies are also present and numerous vacuoles. X 12000. 
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Figs 157, 158 

Endosperm in the free nuclear state, where ribosomes are 

already entirely confined to membrane surfaces, are packed 

with cytoplasmic organelles. Mitochondria have large 

electron translucent areas, and are predominantly 

subspherical in outline. Plastids are polymorphic, mainly 

elongate and commonly contain starch granules. Lenticular 

or irregular shapes, smaller than mitochondria and with 

granular vacuoles, are probably vesiculate endoplasmic 

reticulum. Coalescing vacuoles are common towards the 

peripheral areas of the cytoplasm. Nuclei in these sections 

have not been seen to have endoplasmic reticulum connections. 

Osmiophilic bodies are probably lipid, but could be protein, 

especially those associated with vacuoles. 

157, X 4320; 158, X 10560. 
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7. WALL FORMATION WITHOUT A PHRAGMOPLAST 

Walls form without immediate relationship to cell 

divis.ion during the organization of the embryo sac and 

also in the early development of the endosperm. The 

following observations are preliminary to a fuller study 

of these processes, but indicate differences in wall 

initiation in these two cases. 

Internal megagametophyte walls 

The nuclei of the embryo sac at first lie freely 

within the general cytoplasm. Having taken up character-

istic positions, they eventually become circumscribed by 

walls. These walls, like those of the early endosperm 

cells, also form in the absence of a phragmoplast, but their 

forma tion follows a dis tinct course. In C. jubata the . 
boundary between the cytoplasm of these nuclei is first 

marked by two continuous plasma membranes, one corresponding 

to each nucleus, and lying in close association (Fig . . 159). 

The common wall separating the egg and synergid, and the 

outer wa~ls of the egg (Fig. 162) and synergid (Fig. 161), 

that is, those facing the embryo sac including the region in 

close proximity to the central cell nucleus (Figs 159, 160), 

begin as dilatations and embayments between the two opposed 

plasma membranes and arise at irregular intervals (Figs 159, 

160). From the point of attachment at the micropylar end, 

these walls are deposited as a fibrillar line in the 

dilatations between the two plasma membranes, which thus 

become progressively separated (Figs 161, 162). The 

enlargement, both longitudinally and in breadth, of these 

dilatati ons results in the formation of a wall (Figs 161-164). 
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Walls formed in this way may be extremely irregular in width. 

Although the plasma membranes are continuous, at 

least over considerable distances, the walls developing 

between them are interrupted by plasmodesmata which have 

every appearance of being uninterrupted pores through which 

the cytoplasms of adjacent cells communicate (Figs 162-164). 

The endoplasmic reticulum systems of neighbouring cells 

converge on these plasmodesmata and appear to communicate 

through them (Figs 79, 164, 165). 

Discussion 

Newcomb (1973a) reported the close apposition of 

plasma membranes of the egg apparatus with that of the 

central cell. These membranes were separated in regions 

by pockets .of wall material, as occurs in C. juhata. 

Newcomb discusses the origin of plasmalenunas between the 

cells of the megagametophyte of He Uan thus , but~ in the 

present study, stages during the appearance of the 

plasmalemmas have not been observed. 

Godineau (1969) figures the region of contact between 

the egg and synergid of Picris echioides. The two plasma-

lemmas are in close contact except where separated by clear 

ampOUles. Nearer the micropyle, the cells are separated by 

a broader wall with a continuous clear space. Similar walls 

separate the synergids. Godineau observed no plasmodesmata 

in these walls, ,and Mogensen (1972) also reports their 

absence in the synergid walls of Quercus. Howe ve"r, mo s t 

other authors describe synergid and egg walls with 

plasmodesmata. Possibly their presence is dependent on the 

age of the wall. Jensen (1965a) describes the fine 
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structure of the synergid wall of GOssypium, but does not 

consider its formation .. 

Early endosperm cell walls 

Electron micrographs of the peripheral coenocytic 

endosperm of C. jubata (Fig. 166) indicate that walls are 

laid down in vesicular embayments which coalesce to form 

an electron translucent channel in which fibrous material 

appears medianly. From a limited number of observations, 

it appears that initiation does not necessarily occur at 

the embryo sac wall. In Figure 166 the established wall 

is progressing outwards and the developing vesicles 

indicate the path of development towards the wall, and in 

fact the new wall probably joins the embryo sac at the free 

end of a wall ingrowth. Ribosomes here occur free in the 

cytoplasm. 

The tenuous thread of wall meanders amongst endosperm 

cytoplasmic and vacuolar areas (Fig. 167). Wall junctions 

are visible (Fig. 167, arrow), as are fenestrations and the 

free ends (Fig. 168). In Figure 169 a well defined wall is 

attached to the embryo sac and.a free end is associated with 

fenestrations. It is not possible in this case to determine 

the direction of wall growth, towards or away from the 

embryo sac wall. This wall is forming in cytoplasm in which 

ribosomes are associated with membrane surfaces. 

Discussion 
j 

Morrison and OJBrien (1976) have described the 

formation of walls around the coenocytic peripheral nuclei 

of wheat endosperm. These agree in essentials with and 

extend the preceding accounts by Newcomb and Fowke (1973) 



Figs 157, 158 

Endosperm in the free nuclear state, where ribosomes are 

already entirely confined to membrane surfaces, are packed 

with cytoplasmic organelles. Mitochondria have large 

electron translucent areas,. and are predominantly 

subspherical in outline. Plastids a~e polymorphic, mainly 

elongate and commonly contain starch granules. Lenticular 

or irregular shapes, smaller than mitochondria and with 

granular vacuoles, are probably vesiculate endoplasmic 

reticulum. Coalescing vacuoles are common towards the 

peripheral areas .of the cytoplasm. Nuclei in these sections 

have not been seen to have endoplasmic reticulum connections. 

Osmiophilic bodies are probably lipid, . but could be protein, 

especially those associated with vacuoles. 

157, X 4320; 158, X 10560. 
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Fig. 159 

The closely appressed plasma membranes of the synergid 

and central cell are separated by embayments presumably 

of wall material. x 22440. 

Fig. ' 160 

In another specimen at a stage a little later than in 

Fig. 159, the developing wall shows as a discontinuous 

fibrous line of varying thicknness. X 32550. 

CCC Central cell cytoplasm 

CCN Central cell nucleus ' 

CPM Central cell plasma membrane (white arrow 

in Fig. 160) 

NE Nuclear envelope 
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Sy Synergid 

WM Wall material 

* Developing wall 
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Fig. 161 

A young synergid wall developing on the side facing the 

embryo sac wall and towards the chalazal end. X 25960. 

Fig. 162 

The outer wall of the egg facing the embryo sac. Wall 

material becomes increasingly less and dilatations between 

the plasma membranes thinner' as the chalazal end is 

approached. At its 'point of attachment to tha embryo sac 

(arrow) it is relatively thick. X 6187. 
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Figs 163, 164 

The wall is becoming well established at the micropylar 

end of the synergid and a few wall ingrowths on its 

surface near the point of attachment to the embryo sac 

are projecting into the central cell. Plasmodesmata 

give cyt'oplasmic continuity between central cell and 

synergid cytoplasm. Nearer the chalazal end, the wall 

becomes much thinner (arrows), with discontinuities 

between dilatations of the membranes, and the fibrous 

wall material is scarcely visible. 

163, X 7410; 164, X 20578. 
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Fig. 165 

The thick wall at the micropylar end of the mature egg 

maintains plasmodesmatal connections with the endoplasmic 

reticulum system of the central cell cytoplasm. X 7837. 
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Fig. 166 

A wall developing in free nuclear endosperm is better 

established within the endospe~*~han nearer the embryo 

sac wall, where vesicles indicate the path of formation 

(arrows). The cytoplasm contains many free ribosomes. 

X 12000.' 
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Fig. 167 

A newly formed tehuouswall mea:nde,:t's through the cytoplasm. 

A junction occurs at the arrow. X 14960. 

Fig. 168 

A newly formed wall with the free end lying blind in the 

cytoplasm (arrow). X 15232. 

Fig. 169 

A new wall developing in endosperm. One end is attached 

to the embryo sac wall, while the other terminates free 

in the cytoplasm. It cannot be established with certainty 

in which direction growth occurred. In this cytoplasm, 

ribosomes are associated with membrane surfaces. 

x 10560. 
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on steUaria and Newcomb (1973) on HelianthuB, but differ in 

some respects from the desciiption of Mares et aZ. (1975) 

who also investigated wheat endosperm. Walls grow out 

freely from the embryo sac wall and may branch. The free 

'," ,ends are associated with an amorphous substance which also 

occurs in fenestrations in the developing wall. The walls 

show an electron dense mid-line and are penetrated by 

plasmodesmata. Eventually the f;r-ee ends meet so that a 

continuous wall results. This wall growth is independent 

of a phragmoplast and although dictyosomes and vesicles 

occur occasionally in the cytoplasm, they bear no obvious 

relationship to the growing wall. In the endosperm cells 

of Quel'cus gambelii, Singh and Mogensen (1976) reported free 

growing ends of the wall, with a large number of dictyosomes 

and their smooth vesicles in close proximity to the free 

ends of the wall. This is similar to wall growth in the 

deve loping endosperm of HeZianthuB (Newcomb, 1973) and 

SteUar'ia (Newcomb and Fowke, 1973). 

8. THE GLOBULAR EMBRYO 

An ultrastructural study of embryogenesis would 

obviously be of great interest and highly desirable, but 

no attempt was made to include such a wide topic in this 

work. However, this ultrastructural survey of the emhryo 

sac seems incomplete without some report on the cells of 

the young embryo. To this end, these micrographs and 

brief notes are presented as a purely descriptive account 

of some cells of the globular embryo of C. jubata; ,No 

attempt is made to compare these findings with those of 
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other authors pursuing similar ultrastructural lines. 

In the specimen shown in Figure 170 the globular 

embryo lies at the micropylar end of the embryo sac enclosed 

in the integuments. The inner integument contains a large 

number of the heavily electron opaque tannin bodies 

illustrated in Section 9 (Figs 185, 186). 

ultrastructurally, the cells have a highly 

meristematic appearance (Figs 171-173). Nuclei are large, 

of somewhat irregular outline with a large, dense nucleolus 

surrounded by a halo of lighter nucleoplasm, while many 

areas of heterochromatin are scattered throughout the 

nucleoplasm. At least two .cells had a second smaller 

nucleolus in the section from which these micrographs were 

taken. The perinuclear space varies in thickness through 

the small"dilatations of the outer nuclear membrane, both 

inner and outer membrane being clearly visible. Nuclear 

pores mark the close apposition at intervals of the two 

membranes. Some pores may be seen in surface view. 

Extensions of the outer nuclear membrane into the cytoplasm 

are common. Such extensions are fairly broad and do not 

extend in the same plane for any great di·stance from the 

nucleus. Serial sectioning would be required to elucidate 

the course of these extensions. In some dilated areas 

associated with the nuclear membranes, small cytoplasmic

like bodies are included in the cisternae so formed. 

The cytoplasm of the cells is electron dense with 

vast numbers of free ribosomes. Mitochondria are numerous 

and polymorphic and show the relatively "simple" structure 

which· has characterized these organelles in the reproductive 
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cells ofC. juhata. A few cristae of various lengths 

and orientations are visible, together with a ' few more 

vesicular structures, as well as some ribosomes and tiny 

fibrils. Plastids are moderately abundant, polymorphic, 

with varying degrees of electron density in their matrices, 

and some with developing starch granules (Fig. J72). The 

endoplasmic reticulum seems to be in the form of quite 

numerous, irregularly dilated fragments scattered in the 

cytoplasm. Numerous dictyosomes, some in surface view, are 

producing many electron translucent vesicles from the ends 

of their cisternae. A number of small, well defined, highly 

electron translucent bodies occur, usually in small 

associations and frequently containing small, highly 

electron dense droplets. These are probably vacuoles with 

deposits appearing within them. Lipid bodies are cornman. 

Cell walls appear to lie in somewhat haphazard array. The 

walls between them are of irregular thickness and bear 

plasmodesmata. 

One cell at the micropylar ,end of the embryo differs 

from the rest (Fig. 174). This is the suspensor cell, 

which will take no further part in the formation of the 

embryo. Its function is entirely nutritional. In the part 

of the cell contained in the section, the cytoplasm is 

filled with sheets of dilated endoplasmic reticulum 

containing finely granular material. The dissected 

cytoplasm contains a small nUmber of mitochondria and 

lipid bodies. Some electron dense, lipid-like bodies occur 

outside the cytoplasm, between the plasma membrane and the 

cell wall. 



Fig. 170 

LS through globular embryo (outlined in ink). X 530. 

~ embryo 

ES Endosperm 

II Inner integument 

SU Suspensor 
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Fig. 171 

This cell from a globular embryo contains a large nucleus 

with two nucleoli. The cytoplasm is dense with ribosomes 

and has the appearance of a meristematic cell. X 6480. 

L Lipid body 

M Mitochondrion 

NL Nucleolus 

NM Nucleoplasm 

NME Outer nuclear membrane extension 

NP Nuclear pore 
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Figs 172, 173 

The outer nuclear membranes of these nuclei have extensions 

into the cytoplasm. Dictyosomes are actively producing 

small vesicles and starch is accumulating in some plastids. 

Some vacuoles show a small electron dense deposit. 

172, X 8520; 173, X 7200. 

D Dictyosorne 

DV bictyosome vesicles 

IN Inclusions 

L Lipid body 

M Mitochondrion 

NME Outex nuclear membrane extension 

P Plastid with starch 

PD Plasmodesmata 

R Ribosomes 

V Vacuole 

* Probably nuclear envelope in tangential section 





Fig. 174 

This suspensor cell, which is adjacent to the embryo sac 

wall, is filled with sheets of dilated endoplasmic 

reticulum. Mitochondria and lipid bodies are present in 

this cell. X 15525. 

D: Dictyosome ve5icles 

ER Endoplasmic reticulum 

L Lipid body 

M Mitochondrion 

NP Nuclear pore 

P Plastid 

R Ribosome 

su Suspensor cell 
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9. MISCELLANEOUS TOPICS 

During the course of this study, some special 

points of interest were encountered which are presented 

here in miscellaneous form as a record of their occurrence 

in COY'tadeY'ia jubata. 

The topics listed below are briefly described in 

the captions of Figures 175-188. 

Figs 175-177 Cuticular surfaces of the ovule 

Fig. 178 Chloroplasts in ovular tissue 

Figs 179-184 Sieve-element plastids in COY'taderia juhata 

Figs 185-186 Tannin bodies 

Figs 187-188 Migrating nuclei 



Figs 175-177: Cuticular surfaces of the ovule 

There were indications under the optical microscope that 

the ovule was enclosed by a number of heavily walled 

surfaces. This was confirmed at the electron microscope 

level, where a distinct electron dense layer, presumably 

of cutin, was found to cover the outer surface walls.' 

There are, in fact, five epidermal surfaces overlain with 

cutin - the outer and inner surfaces of the outer and 

inner integuments and that of the nucellus, and the ovule 

is, of cou'rse, con tained wi thin an ovary whose outer wall 

is thick -and cutinized (Fig. 175). 

Fig. 176 shows a ~ortion of the five layers, from the 

outer ovular surface to the nucellar epidermis. The outer 

integument is here somewhat crushed, but its outer wall 

surfaces are visible. The inner integument is strongly 

developed with heavy outer a,nd inner surface layers. 

This, in turn, encloses the heavily cutinized surface of 

the nucellar epidermis which lies closely appressed to it. 

When these two layers are separate (as shown in Fig. 45) 

it can be seen that each is bounded by' its own cuticular 

surface. This nucellar cuticle is regularly encountered 

during study of the embryo sac region, as nucellar cells 

degenerate back to the epidermal layer during the normal 

course of enlargement of the embryo sac (Fig. 177). 

It is believed that these heavily cutinized layers are 

effective barriers to the passage of fixatives and are 

responsible, at least in part, for the difficulties 

2ncountered in the- processing of this intractable material. 

175, X 17212; 1 76, X 1 3950 ; 177, X 7840. 

CU Cuticular layer (and arrows) 

II Inner integument 

NU Nucellus 

OE Ovary epidermis 

or Outer integument 
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Fig. 178: Chloroplasts in ovular tissue 

During embryogenesis chloroplasts are present in large 

numbers in the integwnents of the ovule. They have been 

encountered only very occasionally during the earlier 

phases of development up to egg maturity, Occasionally 

they have been observed in the inner integument close 

to the metabolically active haustorium, indicating that 

another, autotrophic form of nutrition may be called 

into action for the rapid development of the apomictic 

egg and associated tissues. These chloroplasts (Fig. 178) 

are in a cell of the inner integwnent. Each shows the two 

membranes of the chloroplast envelope, small ribosomes in 

the stroma, fret membranes interconnectin9 grana and the 

electron opaque deposits known as plastoglobuli. 

Most of the chloroplasts in the micrograph have been 

sectioned side-on, but one to the left of centre presents 

an oblique view. X 5840. 
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Figs 179-184: Sieve-element plastids in Cortaderia juhata 

Behnke (1972) has described sieve-element plastids in many 
angiosperms and has attempted to correlate their morphology 
with major evolutionary lines. This author has classified 
types of sieve-element plastids on the major products of 
ergastic accumulation (starch or protein) as S-type and 
P-type plastids. The ultrastructural morphology of the 
protein inclusions (their sizes, forms and arrangement 
within the plastid) are used for a characterization of 
taxon-specific sub-types of protein-accumulating plastid~ 
(Behnke, 1975a). All monocotyledons investigated to date 
have revealed a specific pattern of P-type plastids that 
is characterized by "cuneate crystalloids of proteinaceous 
nature" (Behnke, 1972, 1975b). The Gramineae are now 
known to contain a second electron-opaque inclusion that· 
is probably proteinaceous. These structures were first 
identified in Zea, and then in Oryza., Setaria~ Tr>itiaum and in 
Saccharum, but they have not been found in all grass genera 
investigated (Avena., Phlewn) (Behnke, 1972). 

Sieve-element plastids (Figs 179, 180) have been regularly 
observed_ in the ovule of C. jubata where the small ventral 
vascular strand terminates below the placenta. Their 
ultrastructure shows them to conform to the monocotyledonous 
P-type plastid wIth cuneate crystalloids (P1) and in 
addition to contain the second proteinaceous inclusion (P2) 
composed of tubular subunits which is characteristic of the 
Gramineae (Figs 181-183). An interme6iate state of plastid 
maturation is depicted in Fig. 184. Here the plastids 
have assumed a gJobular form after an initial oblong 
proplastid state, the matrix is becoming less electron 
opaque, the inclusions are reaching their maximum 
extensions, and remnants of thylakoids are predominantly 
disi~tegrated. into vesicles. At maturity the plastid matrix 
becomes electron translucent but still. contains some 
thylakoids and vesicles. Occasionally, developing plastids 
are associated with strands or layers of endoplasmic 
reticulum near the wall surface of the sieve element (Figs 
183, 184, arrows). 179, X 19022; 180, X 30440; 
181, X 83600; 182, X 83600; 183, X 57066; 184, X 57066. 
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Proteinaceous inclusion with tubular subunits 
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Sieve-element plastid (at varying stages of 
development) 
Thylakoid 
ER adjacent to developing plastids 
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Figs 185, 186: Tannin bodies 

Large, heavily opaque deposits which appear to form 

within vacuoles (Figs 185-186) were observed in the 

inner integumentary cells of an ovule in which the 

globular embryo (Fig. 170), described in section 8, 

was lying. Several small bodies may be present in a 

cell as well as a large one, and it is possible' that 

these, may coalesce during enlargement. Discontinuties 

in the bodies are probably caused by sectioning. 

No histochemical tests have been performed on these 

bodies. It is possible that they could be proteinaceous 

in nature, and perhaps somewhat similar to the protein 

bodies which occur in the maturing egg' cell. These 

deposits'are associated with vacuoles, and the 

accumulating deposit shows a similar, heavy electron 

density, but differs in its ability to withstand section

ing without disruption and presents a more fluid aspect. 

The deposits depicted here seem to be similar to 

accumulations of tannin, identified, for example, in 

bitter pit disorder of apple (Fineran and Mahanty, 1975). 

185 and 186, X 5850. 
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Figs 187, 188: Migrating nuclei 

The two nuclei depicted here closely reserr~le those 

described and figured by Pacini et aZ. in EJ'anthis hyemaUs 

(1972) and in DipZotaxiseruaoides (1975). In those two 

species, integumentary cells become disorganized and 

incorporated into the developing endosperm. Some 

nuclei move from degeneratin9 integumentary cells and 

become constricted as they pass through small apertures 

in the intervening wall. 

These migrating nuclei of C. jubata occurred in nucellar 

cells near a developing embryo sac and it appears very 

probable that they represent the same phenomenon. That 

this should occur in such unrelated plants as Eranthis 

(Ranunculaceae), DipZota:.cis (Cruciferae) and Cortaderia 

(Gramineae) suggests that it may be found to be general 

in Angiosperms. 187 and 188, X 16667. 
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SUMMARY 

In the review of literature relating to apomixis 

in grasses, it has been shown that Cortaderia is unique 

in combining somatic apospory with non-pseudogamy. 

All other non-pseudogamous grasses exhibit gonial 

apospory. While developmental sequences in c. jubata 

are variable, they clearly relate to the Festucoid type 

of meg"agametogenesis which supports the view that the 

Tribe Arundineae approaches most closely to the Pooideae. 
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In the sequence of events leading up to the 

establishment of.one or more embryo sacs, the megaspore 

mother cell, or its derivatives, disintegrates and are 

replaced by embryo sacs derived from nucellar cells. The 

embryo sac follows a course of development similar to the 

Hieraciurn type but many variations are recorded. The sac 

may contain four to eight nuclei, although six appears to 

be common, one synergid, one egg cell, two polar nuclei 

and two antipodal cells. 

The synergid usually develops a massive micropylar 

haustorium which is highly adapted to the transport of 

assimilates back to the embryo sac by means of wall 

ingrowths and a dense endoplasmic reticulum system. The 

apomictic egg is a highly vacuolate cell \·d th some 

ergastic bodies and a nucleus of irregular outline. It 

divides before "anthesis" to produce a pro-embryo and, 

although early divisions of the embryo appear to be 

irregular and variable, a suspensor similar, to that of 



sexually produced embryos, is formed. 

The nuclei of the central cell may fuse before the 

first divisions of the egg or remain separate for some 

divisions after, ~ut eventually the central cell nucleus 

(secondary nucleus), with its prominent ring nucleolus 

and extensive nucleolar vacuole, divides to produce the 

large nuclei of the coenocytic endosperm., The central 

cell cytoplasm envelopes both synergid and egg cell and 
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is separated from them in earlier developmental phases by 

only closely apposed plasma membranes. The central cell 

nucleus is also intimately associated with these two cells 

, and the tentacle-like arms of its bizarre form lie 

against or very close to the plasma membrane adjoining the 

two cells. 

The central cell is obviously one of high metabolic 

activity. The presence of wall ingrowths covering the 

inner surface (except on the wall separating it from the 

antipodals) which appear as soon as the embryo sac nuclei 

are differentiated, indicates an important absorptive role 

being ,performed by this cell, as well as one involving 

elaboration of nutrients, jUdging by the dense population 

of organelles in the cytoplasm. 

The antipodal cells, which increase in number to 

a small extent to form a crescent-shaped tissue located 

laterally (or less commonly, chalazally) I also appear to 

play an active part in the ' nutrition of the embryo sac, 

possessing wall ingrowths on their outer walls and many 

plasmodesmata between adjacent antipodals and central cell. 

The endosperm of C. jubata is at first coenocytic 

but by .the time the embryo has reached the globular stage, 



cellularization is proceeding. The coenocytic endosperm 

shows a number of developmental phases which are 

characterised by differing aspects of organelles, 

some of which are of unusual form. 

The development of one or more embryo sacs is 

accompanied by degeneration of nucellar cells. Of the 

morphological changes associated with this degeneration, 

the dilatation of the inner nuclear membrane, in 

particular, is noted as an early indication of cell 

degradation. The evagination of the inner nuclear 

membrane, with the formation of vesicles which appear to 

be released into the broad cisternae formed by the 

separating nuclear membranes, resembles invagination of 

the outer nuclear membrane with a similar production of 

vesicles of cytoplasmic origin. 

The sequence of events in megag'ametogenesis is 

compared with that of sexual species of COl'taderia and 
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with that in other apomictic grasses. The sexual species 

of COl'tadel'ia also possess well developed micropylar 

haustoria on their synergids and have a similar development 

of wall ingrowths on their embryo sac walls before 

fertilization. It would seem that in the embryo sac of 

COT'tadel'ia, wi th the development of a system highly adapted 

to the absorption and transference of nutrients, the stage 

is set for the appearance of a completely autonomous 

apomict, such as is typified by the high polyploid 

COl'taderia jubata. 
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