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E ' B L U : ; 

a f f i L L I N G a j SNDBUUWL 

i 

Een vergel i jkende s t r u c t u r e l e analyse van de ontwikkeling van de 

maisvrucht in vivo en in v i t ro draagt in hoge mate bi j aan doordacht 

veredelingswerk. 

(Dit proefschrift) 

I I 

Het endosperm, ontstaan na dubbele bevruchting, i s een organisme dat 

a l s zodanig meer aandacht verdient. 

I l l 

Voor de immunocytochemische loca l i sa t ie van e iwit ten in plantaardige 

weefsels i s het maken van coupes een verantwoorde en aan t e bevelen 

methode. 

(Van Lammeren, A.A.M., C.J. Kei jzer , M.T.M. Willemse & H. Kief t , 

P lanta 165: 1-11, 1985. Van Lammeren, A.A.M., H.Kieft, E.Provoost & 

J.H.N. Schel, Acta Bot. Neerl . 36 (2) i n p ress 1987) 

IV 

Kaliumpermanganaat heeft in combinatie met g lutaaraldehyde a l s 

f ixatief nog n ie t afgedaan bij de elektronenmicroscopie. 

V 

De gewconte van veel promovendi aan de Landbouwuniversiteit om bi j 

hun proefschrift meerdere s tell ingen t e wijden aan daarin beschreven 

r e s u l t a t e n , g e t u i g t van een geheel eigen I n t e r p r e t a t i e van he t 

promotiereglement. 

(Promotiereglement LUW, maart 1987) 



VI 

Een goed practicumprogramma is niet vervangbaar door "efficientere" 

leermethoden zoals hoorcolleges, thuisstudie of audio-visuele media. 

(Capaciteitsproblematiek in brief van Faculteitsbestuur 86/1849 - 4 

fr A dd 25-8-1986) 

VTI 

Kennis van de maatschappij en haar verhoudlngen is niet een eerste 

vereiste voor een docent maatschappijleer aan het middelbaar 

onderwijs. 

VIII 

Het opeenvolgend gebruik van woorden zoals modieus, eigentijds en 

trendy etaleert hoezeer de oommercie van mening is dat niet slechts 

uiterlijkheden maar ook de aanprijzing ervan dienen te veranderen. 

IX 

Gezien de huidige behandeling van onze natuurlijke omgeving kan men 

in het gezegde "Boompje groot, plantertje dood" de zelfstandige 

naamwoorden beter verwisselen. 

X 

Echte doe-het-zelvers kunnen het niet laten. 

Wageningen, 8 mei 1987 A.A.M. van Lammeren 



aan mijn vader 
aan mijn moeder 
aan Ineke 



Dit proefschrift is tot stand gekomen op de vakgroep Plantencytologie en -

morfologie van de Landbouwuniversiteit Wageningen. 

De tekening op de omslag toont het micropylaire deel van een zaadbeginsel 

van mais met daarin het embryo in het zygotisch stadium (240x). De afbeel-

ding aan de onderzijde is een rasterelektronenmicroscopische opname van een 

maisembryo op 12 dagen na het ontstaan van de zygote (130x). 
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1. GENERAL INTRODUCTION 

1. INTRODUCTION - aims of the study. 

Sexual reproduction is an essential part of the life cycle of plants 

and has been the subject of many genetical, physiological and mor­

phological studies (see Maheshwari, 1950, 1963; Raghavan, 1976; 

Johri, 1982, 1984; Willemse and Van Went, 1985). Double fertilization 

in higher plants gives rise to a new sporophyte, the embryo, and to a 

nutritive tissue, the endosperm. Maize has often been chosen as the 

object of research on this process. In the past, the morphological 

aspects of maize embryogenesis were well documented by light micro­

scopical techniques (Miller, 1919; Avery, 1930; Randolph, 1936; Kies-

selbach, 1949; Cooper, 1951; Sass, 1955; Van Lammeren and Schel, 

1983). In addition, more cytological information was obtained by 

applying scanning and transmission electron microscopy (Diboll, 1964, 

1968a, b; Diboll and Larson, 1966; Russell, 1979; Van Lammeren, 1981; 

Van Lammeren and Kieft, 1983; Schel et al., 1984). There is, however, 

no report dealing with an ultrastructural investigation of maize 

embryogenesis covering the whole area from progamic stage to mature 

embryo. 

In biological research, experimental data and comparative 

studies widely enlarge the knowledge of plant regulation and plant 

development. This knowledge is of great value since higher plants 

form the main food source in human consumption. Especially the 

Gramineae such as rice, wheat, maize, rye and barley contribute to 

that for the major part. After wheat and rice maize is the third most 

important crop plant in the world and therefore it has often been the 

object of experimental biological research. In the study of the 

initial stages of plant development the experimental embryology has 

greatly expanded. There is a functional approach which aims at under­

standing the growth of embryos and at the ways of influencing its 

mechanisms. The induction of regeneration and the production of 

somatic embryos from plant cells open ways to overcome sexual repro­

duction and to multiply individual plants. In many Gramineae, in­

cluding maize, the initiation of plant regeneration and somatic 

embryogenesis appears to be complicated (Johri, 1982; Sheridan, 1982; 

Vasil, 1982; Bright and Jones, 1985). In maize there are serious 
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problems with obtaining protoplast cultures capable of regenerating 

cell walls and producing totipotent callus (Harms, 1982) although at 

least a few genotypes are available for longer-term callus and cell 

cultures (Tomes, 1985). Endosperm cultures of maize are hard to 

regenerate, too (Shannon, 1982). 

In agriculture several varieties of maize are used among which 

the starchy, the sugary and the waxy are most important. In the 

present report two inbred lines were studied. One is called Black 

Mexican Sweet corn (BMS) and the other A188 which is a starchy line. 

The BMS is an old standard variety that has been commercially avail­

able for over one hundred years. It was one of the two strains which 

formed suspension cultures in the experiments of Sheridan (1975). 

Strain A188 was chosen because of the regenerative potency of its 

immature embryos in experimental conditions in vitro with respect to 

callus formation and somatic regeneration (Green and Phillips, 1975). 

In this study both morphological and cytolcgical changes during 

maize embryogenesis in vivo and in vitro are emphasized in order to 

improve the understanding of the developmental processes and to 

determine the influence of external conditions. Structural aspects of 

the differentiation of both embryo and endosperm are compared to 

reveal embryo-endosperm interrelationships. Final goal is to con­

tribute to the knowledge of embryonic morphogenesis and seed forma­

tion based on (sub) microscopical observations of cytodifferentiation 

and tissue interaction in vivo and in vitro. 

In Chapter 1 the structure of the ovules of two maize inbred 

lines is compared before and after fertilization. The shapes of the 

micropyles and the positions of the megagametophytes (embryo sacs) 

are investigated in order to compare pollen tube entry in the two 

lines. In the cells of the megagametophytes structural changes were 

observed after fertilization. These changes are discussed with 

respect to the initiation of embryogenesis. 

In Chapter 2 the development of the proembryo is presented. The 

expression of polarity within the proembryo and the factors in­

fluencing shape development are emphasized. 

The developmental morphology and cytology of the embryo proper 

are investigated in Chapter 3. The symmetry of the embryo changes, 

apical meristems are formed and the scutellum develops. The factors 
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which might induce these phenomena are discussed. 

In Chapter 4 the r e s u l t s of some i n v i t r o experiments a r e 

p resented. Po l l i n a t i on and f e r t i l i z a t i o n of excised p i s t i l l a t e 

s p i k e l e t s and t he subsequent development of the caryopsis a r e 

investigated and compared with the in vivo development. The germina­

tion of excised immature embryos and the regeneration of cal lus and 

embryoids on such embryos i s s tudied under var ious experimental 

conditions. 

I n t e r a c t i on s between embryo and endosperm a re descr ibed i n 

Chapter 5. Emphasis i s put upon cytological features indicating on 

the uptake of n u t r i e n t s by t he endosperm from the ovary and t he 

release of nutr ients from the endosperm towards the embryo. 

The differentiat ion of the pericarp and endosperm i s inves t i ­

gated i n Chapter 6. Specia l a t t e n t i o n i s paid t o t he development of 

ou te r c e l l l aye r s of the endosperm; t o the accumulation of s to rage 

products and t o t he d i s t r i b u t i o n of microtubules which appear t o 

influence the morphogenesis of the ce l l s . 

F i na l l y t he r e s u l t s of the foregoing chapters a r e brought 

together in Chapter 7 which presents a general view on maize embryo-

genesis. An attempt i s made to show how and when embryo development 

i s influenced by endogenous and exogenous factors. 

2. MORPHOLOGY OF THE PISTILLATE FLOWER 

2.1. Inf lorescences o f maize 

After the maize p l an t had been brought t o Europe in t he s i x t een th 

century, Gerarde (1597) described the localization of the flowers: 

"At the top of the s t a l k s grow i d l e or barren t u f t s l i k e the common 

Reede..." and "Those ears which are f rui tful do grow upon the sides 

of the s ta lks among the leaves which are thicke and great..." (cited 

by Weatherwax 1955). Maize or corn, a s a member of t he Gramineae 

family, bears i t s flowers in spikelets , the character is t ic building 

blocks of t he in f lorescence of a l l g r a s ses . I t belongs t o the t r i b e 

Maydeae of the subfamily Panicoideae in which the flowers are e i ther 

staminate or p i s t i l l a t e . The two kinds of flowers are produced e i ther 

i n d i f f e r en t i n f lo rescences , a s i s r egu la r wi th Zea mays, or i n 
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different parts of the same inflorescence as with Tripsacum sp. The 

male spikelets are the units of the tassel which arises from the 

primary shoot meristem. The female spikelets are born on a thick 

axis, the rachis of the cob, which is placed in a leaf axil protected 

by several husks. 

2*2. Differentiation and morphology of the pistillate spikelet 

Cob development, including the differentiation of unisexual female 

flowers from bisexual initials, has been investigated by light micro­

scopy (Miller, 1919; Kiesselbach, 1949 and Weatherwax, 1955) and by 

scanning and transmission electron microscopy (Cheng et al., 

1983).The development of the cob begins with an axillary bud meris­

tem. First a prophylum and a number of leaf like husks are initiated, 

and then rows of spikelet-pair primordia are formed in acropetal 

sequence along the inflorescence meristem (Cheng et al., 1983). The 

primordia give rise to primary branches on each of which two spike­

lets will develop. Within each spikelet usually the top flower comes 

to maturity but the stamens stay rudimentary or abort (Fig. 1). For a 

detailed report on the initial phase of spikelet morphogenesis see 

Cheng et al. (1983), for the later stages of growth of the spikelet 

see Weatherwax (1916), Miller (1919), Bonnet (1948) and Kiesselbach 

(1949). 

The morphology of the pistillate spikelet in maize has been 

described by Wigand (1854), True (1893), Guignard (1901), Weatherwax 

(1917, 1955), Miller (1919), Stratton (1923), Randolph (1936), Kies­

selbach (1949), Bonnet (1940) and Cheng et al. (1983). The functional 

upper flower on the short spikelet axis or rachilla consists of a 

pistil, three rudimentary stamens, two conspicuous but apparently 

functionless lodicules, a palea superior and a palea inferior 

(lemma). The two flowers of the pistillate spikelet are partly 

enclosed by a pair of empty glumes in the positions as indicated in 

Fig. 1. The pistil ends in an elongated 'silk1, which may properly 

be referred to either as a stigma or a style, since it is receptive 

throughout its entire length. In most varieties of corn the lower 

flower aborts but in a few cases it quite regularly has a functional 

pistil, too (Kempton, 1913; Steward, 1915; Weatherwax, 1916). 
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Fig. 1. Median section of an immature pistillate spikelet of Zea 

mays, strain BMS. The adaxial and abaxial sides of the ovary are 

indicated with respect to the rachis of the cob (the arrow points 

towards the apex of the cob). Ab. s = abaxial side; Ad. s = adaxial 

side; B = bract substending a pair of spikelets; G = glume; L = 

lemma (palea inferior); P = palea superior; Pi = pistil; R = rachis; 

Ra = rachilla; S = stamen; Si = silk. 

2.3. The pistil 

The morphology of the maize p i s t i l has been descr ibed by, amongst 

o t h e r s , Schleiden (1837), Wigand (1854), E ich le r (1875-1878), 
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Weatherwax (1916, 1955), Miller (1919), Randolph (1936), Kiesselbach 

(1949) and Cheng et al. (1983). Most of these authors have emphasized 

the tricarpellate nature of the pistil. The unilocular ovary consists 

of three carpels, two of which are inserted lateral of the ovule, the 

third often being a rudiment. Cheng et al. (1983) show that the ovary 

wall development begins with a ridge on the abaxial surface of the 

apical meristem. The ridge encompasses the meristem as a ring which 

is generally considered to represent three undiverged carpels. 

Through faster growth at the side from which the ridge is initiated 

the silk emerges. The vascular bundles that pass into the silk are 

the midrib bundles of the two lateral carpels. So the single style is 

a structure presumably formed by the fusion of the two lateral 

carpels. In the initial stage of ovary development an overgrowth of 

the shoot apex by the ring of tissue leads to the formation of the 

stylar canal which can often be detected as a slight protuberance in 

the mature ovary as indicated in Fig. 2. The single ovule is attached 

at the base of the ovary. It is supplied by the fused marginal 

bundles of the two lateral carpels (Randolph, 1936). During its 

development it first grows upward in the cavity of the ovary. By the 

time of fertilization the ovule has become completely inverted 

because the integuments and nucellus grew rapidly on the side which 

is oriented toward the palea but only very slowly on the opposite 

side (Fig. 2). In form, however, the ovule position is definitely 

unlike any standard type and represents an extremely modified con­

dition variously referred to as semi-anatropous or modified campylo-

tropous (Randolph, 1936). The sessile ovule has two integuments, a 

very broad insertion region in the placental tissue and no well-

defined funiculus. The inner integument completely surrounds the 

ovule except at the micropylar orifice. The outer integument does not 

completely surround the ovule. It is absent in a limited oval-shaped 

area extending from the micropyle in the direction of the silk-

attachment region to the crest of the ovule (Randolph, 1936). The 

insertion region of the ovule on the placenta is co-extensive with 

the chalaza which is the location where nucellus and integuments of 

the ovule are united. Because there is neither a funiculus nor a 

raphe the insertion region is called the placento-chalazal region. 
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Fig. 2. Median section of a mature ovary with a part of the silk of 

Zea mays, strain BMS (the arrows indicate the directions of growth). 

CA = carpel; CH = chalaza; ES = embryo sac; II = inner integument; 10 

= outer integument; MP = micropyle; NUC = nucellus; Sc = stylar 

canal; SI= silk. 

2.4. Nucellus and embryo sac 

In the young nucellus the archesporium is a hypodermal cell overlaid 

with a single nucellar layer of epidermal cells. The embryo sac 

development accords with the Polygonum type (Maheshwari, 1950). 

Through meiosis a linear tetrad of megaspores is formed. The three 

megaspores most close to the micropyle soon degenerate and the fourth 

develops into an embryo sac. The cellularization of the coenocytic 

embryo sac occurs after the three successive mitoses of the mega-

spore. At first the embryo sac consists of the usual seven cells but 
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then the t h r ee an t ipodal c e l l s d iv ide r e s u l t i n g i n a mass of 20 or 

more c e l l s , many of which have more than one nucleus. The mature 

megagametophyte i s shown i n Fig. 3. The l a rge egg c e l l and t he two 

synergids occupy the micropylar part of the mature embryo sac and in 

the remaining central c e l l there are two polar nuclei adjacent to the 

egg apparatus. According t o Miller (1919) and Weatherwax (1919, 1955) 

these nuclei do not fuse but remain in close contact un t i l f e r t i l i z a ­

t ion. 

Fig. 3. Median s ec t ion of a mature embryo sac and the micropylar 

region of t he nuce l lus of Zea mays, s t r a i n BMS. The egg c e l l i s not 

i n the plane of s ec t ion ing . A = an t l poda l s ; CC = c en t r a l c e l l ; FA = 

filiform apparatus; I I = inner integument; 10 = outer integument; MP 

= micropyle, NUC = nucellus; PN = polar nucleus; SY = synergid. 
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During the interval of meiosis and embryo sac formation the 

nucellar epidermis near the micropyle divides periclinally to form a 

layer of five or six cells (Kiesselbach, 1949). 
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SUMMARY 

Two inbred lines of Zea mays L. are compared with respect to general mor­
phology and fine structure of the cells of the megagametophyte before and after 
fertilization. In both inbred lines the semi-anatropous sessile ovules contain one 
multicellular megagametophyte in a tenuinucellate nucellus. In contrast to the 
inbred line Black Mexican Sweet corn (BMS) the nucellus cells near the micro-
pyle of strain A188 are not arranged in regular rows. Here the micropyle is 
formed by a lobed inner integument and hence pollen tube penetration is more 
cumbrous in strain A188. At the moment of fertilization both synergids may 
still be intact but the one which will be penetrated by a pollen tube has often 
partly degenerated. There is a comparable and distinct distribution of organelles 
in the synergids of the two inbred lines. The overall structure of the egg cell 
cytoplasm of strain BMS and A188 show many similarities such as the location 
of the cytoplasm, the distribution, frequencies of occurrence and occupation 
rates of most organelles and the structural changes initiated by fertilization. 
Plastids in BMS, however, are smaller and occur in significantly higher frequen­
cies and occupation rates in BMS. In the zygotes of BMS and A188 a polarity 
is established by a shift of the nucleus and the cytoplasm towards the antipodal 
cell side. The metabolic activity increases after fertilization as can be deduced 
from increasing amounts of RER and higher densities of polysomes and dictyo-
somes. The composition of the cytoplasm of the central cell of BMS is compara­
ble to that in A188. Plastids, however, differ in having more and smaller starch 
grains in BMS. Before fertilization the polar nuclei and the major part of the 
central cell cytoplasm are always found at the antipodal side of the egg appara­
tus. The abundance of well developed organelles points to a high metabolic ca­
pacity. Fertilization evokes an increase of cellular activity and a shift of the 
endosperm nucleus and cytoplasm towards the lateral cell side. Antipodals con­
tain much cytoplasm and numerous well differentiated organelles. The ultra 
structure of the cytoplasm points to a high synthesis and secretion of organic 
compounds. 

INTRODUCTION 

Growth, differentiation and senescence are the characteristics of the complex 
morphogenesis in the life cycle of plants. When haploid and diploid generations 
alternate, cell differentiation leads to divergent cell functions in the gametophyte 
and sporophyte. In Spermatophytae, the cells of the mature micro- and megaga-
metophytes represent an end phase of cell differentiation whereas the zygote 
is the onset of a new sporophytic generation. The development of the zygote 
to a heterotrophic young sporophyte offers the opportunity to study the princi­
ples of morphogenesis; in a short period of time the initiation of polarity, mer-
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istem formation and organogenesis gives rise to a relatively small organism. The 
onset of embryogenesis has been studied in detail in plants of various families 
of both the Dicotyledonae and the Monocotyledonae (MAHESHWARI, 1950, 
1963; JOHRI, 1984). The details of fertilization, the developmental pathways and 
the final organization of the embryos vary widely among families of the Mono­
cotyledonae and even within the family of the Poaceae such as barley (CASS 

and JENSEN, 1970;NORSTOG, 1972, 1974;CASS, 1981), wheat (CHANDRA and 
BHATNAGAR, 1974; Hu, 1964; SMART and O'BRIEN, 1983) and Texas wildrice 
(EMERY and GUY, 1979). 

In maize the shape of the embryo sac, the organelle distribution within the 
embryo sac and the shape of the developing embryos appear to vary between 
different strains as has been observed by means of light microscopy (MILLER, 

1919; AVERY, 1930; RANDOLPH, 1936; KIESSELBACH, 1949; COOPER, 1951; SASS, 

1955) and electron microscopy (DIBOLL, 1964, 1968a, b;CHEBOTARU, 1970; RUS­

SELL, 1979; VAN LAMMEREN, 1981; VAN LAMMEREN and KIEFT, 1983; VAN LAM-

MEREN and SCHEL, 1983). Unlike in many other plants (MAHESHWARI, 1950), 
the first cell divisions of the zygote and the young embryo seem to lack a clearly 
defined sequence and orientation although, within a strain, the eventual shapes 
of the embryos are quite similar (RANDOLPH, 1936). 

To study the initial phase of maize embryogenesis an inventory was made 
of the cell shapes and organelle distributions within the embryo sac. Two inbred 
lines were chosen for the present study which is introductory for the experimental 
in vitro studies on callus formation and somatic embryogenesis. One inbred line 
is the sweet corn Black Mexican Sweet (BMS). The second is the starchy corn 
A188. These strains have been selected because of their favorable properties 
for experimental manipulation in vitro (SHERIDAN, 1977; GREEN and PHILLIPS, 

1975). 
The present paper describes the changes in the fine structure of the embryo 

sac just before fertilization. Then, the interactions of the pollen tubes and the 
tissues of the pistil including the ovule will be presented. Thirdly the post-fertil­
ization events which occur in the embryo sac will be regarded from a structural 
and functional point of view. The two inbred lines are compared to detect in-
traspecific variations in cytology. 

M A T E R I A L S A N D M E T H O D S 

The plant material used in this study was obtained from the Zea mays L. 
inbred lines Black Mexican Sweet (BMS) and A188 which were kindly provided 
by R.J. Lambert, University of Illinois, Illinois, USA and by C.E. Green, Uni­
versity of Minnesota, St. Paul, USA respectively. Plants were grown under 
greenhouse conditions; before emergence of the silks, cobs were masked with 
small bags to prevent uncontrolled pollination. Ovaries were dissected either 
from unpollinated plants or at defined intervals after hand pollination. Sagittal 
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sections of the ovaries containing the whole embryo sac were fixed with 2,5-6% 
glutaraldehyde in 0,1 M Na-cacodylate buffer, pH 7.0, for 2 hours at room 
temperature. Sections were rinsed in the buffer and postfixed in a saturated aque­
ous K M n 0 4 - solution for 5-15 minutes or in a 1 % 0 s 0 4 - solution in cacodylate 
buffer, pH 7.2, for 2-4 hours at room temperature. After rinsing, sections were 
dehydrated in a series of ethanol, ranging from 30% to 100%, followed by a 
graded series of propylene oxide. The material was then transferred to a propy­
lene oxide - Epon 812 (40:1) mixture and kept overnight at a relative humidity 
of 30% to permit the propylene oxide to evaporate slowly. Finally, sections were 
transferred to fresh resin in gelatin capsules. Polymerization occurred for 16 
hours at 35 °C, for 8 hours at 45 °C and for 24 hours at 60 °C. Ultrathin sections 
were cut on an LKB Ultrotome III and, in the case of 0 s 0 4 fixation, poststained 
in lead citrate for 2-5 minutes and in uranyl acetate for 5-25 minutes. Sections 
were observed using a Philips EM 301 transmission electron microscope at 60 
kV. For the detection of pollen tubes in silks and ovary cavities, sagittal sections 
(8-50 um) of freshly frozen pistils were cut with a microtome-cryostat (Daman/ 
IEC division, Mass., USA) at minus 18 °C. Two percent 'Wasserblau' (Merck, 
Darmstadt, FRG) in 20% aqueous solution of K 3 P0 4 was added to the thawed 
sections to obtain fluorescence of callosic substances. The observations were 
recorded on Agfachrom 50L. 

RESULTS 

The position of the embryo sac in the ovule 
The position of the embryo sac in the nucellus with respect to the micropylar 

entrance is not similar for the two strains (Fig. 1). In comparison with BMS 
the embryo sac of strain Al 88 has a more oblique position towards the micropyle 
and fewer nucellus cells are in between the embryo sac and the inner integument. 

In both strains the nucellus cells of the micropylar region divide several times 
but more regular rows are formed in BMS (c.f. Figs. 2a and b). In BMS, division 
and enlargement of nucellus cells also occur in a more symmetrical fashion in 
the micropylar region. In strain A188, cell division and enlargement are less 
intensive both near the base of the embryo sac and at the side directed towards 
the single integument. Therefore, the thickness of the nucellus covering the em­
bryo sac is unequal at the two sides of the egg apparatus. Several nucellus cells 
which border on the mature embryo sac are flattened because of the enlargement 
of the embryo sac. Here a total collapse of the cells is preceded by a process 
of cytoplasmic desintegration (Fig. lc). 

When a pollen tube penetrates the ovule of A188 there appears not to be 
one straight way towards the embryo sac like in BMS (Figs. 9a and c). Serial 
sections of the micropylar region of A188 demonstrate the existence of a lobed 
micropyle (Fig. 10a). One of the folds in the inner integument lies opposite the 
egg apparatus forming the passage for the pollen tube (Fig. 10a 5, arrow). 
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FIG. 2. Median sections through the micropylar parts of the megagametophytes of Zea mays, strain 
BMS (a) and A188 (b,c). The polar nuclei of the central cell are surrounded by cytoplasm and 
lie on top of the egg apparatus. In contrast to the synergids the egg cells are highly vacuolated. 
Their cytoplasm is found in the micropylar half. Note the regular arrangement of the nucellus cells 
near the micropyle of BMS (a). Several nucellus cells collapse because of the enlargement of the 
embryo sac. 

The cells of the embryo sac before fertilization 
I n t a c t s yne r g i d s At the time of fertilization both synergids may still be in­
tact. Sometimes, however, one synergid degenerates before fertilization. This 
synergid will receive the pollen tube. Synergids are about as tall as the egg cell. 

FIG. 1. Schematic representation of the megagametophyte positions in the ovaries of Zea mays, 
strain BMS and A188. A The pistilate spikelet and the ovary with its modified campylotropous 
ovule. The outer integument does not completely surround the ovule. B, D The embryo sac consists 
of approximately 20 antipodals, a large central cell and the egg apparatus. C, E With regard to 
the micropyle there is a difference in position of the egg apparatus in BMS and A188. 
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