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DEVELOPMENTAL BIOLOGY

Developmental biology is a vast, fast growing mullidisciplinary science concerned with
the study of developmental pheromena in animals, plants and microorganisms, A
butlerfly egg hatches into a caterpillar thal grows and changes into pupa from which
another butterfly emerges or a gram seed germinates, forming a plant, that in turn
reproduces to form seeds all over again, All this is development. An adult lizard loses
. its 1ail and grows a new tail. This is also development.

Orgamsms are not produced fully formed as if by a miracle of creation. Their genesis
proceeds and is completed through 4 series of orderly and progressive changes. In all
sexually reproducing organisms, bé they plants or animals, development begins from a
single cell, the fertilized egg or zygote. Through a process of precisely coordinated step
by step changes, the cells derived from zygote give rise to a new individual having the
form distinctive of the parents characleristic of the species concerned. The main concern
of developmental biology is to discover what processes are involved and how they are
controlled particularly in complex multicellular organisms that originate from a single
reproductive cell (zygote) or from a small group of somatic cells in case of asexual
reproduction and regeneration, :

In the early history of developmental biclogy, emphasis was laid mainly on the
descriptive and comparative studies of development of embryo and various tissues and
organs. There was an’equal emphasis on the experimental approach and methods.
Important scienlific breakthroughs and technical advances since the middle of present

_century, particularly in biochemistry, genetics, cell biology, and molecular biology, have
transformed developmental blology into a multidisciplinary science. In the present Limes
Lhe basic thrust in developmental biology is to understand the processes occwring at
each level, from molecular to cellular to anatomical, al every stage of development from
egg onwards and to discover how all of them logether give rise to increasifigly complex
structures at successive stages. As we pointed oul earlier, developmental biology now
bas become a broad-based multidisciplinary science, linked with almost all biological
and also physical sciences benefiting immensely from new technologies originating in al!
these disciplines,

Organisation

This is a four credit course which is organised into four blocks, In this course the
development in plants and animals have been dealt with independently, with two blocks
each devoted to plant and animal systems, Such an arrangement became a necessity in
view of the exclusive developmental processes and mechanisms characteristic of each
group. Such processes and mechanisms are in fact to be viewed as adaptations to the .
mode of life which each grodp has evolved over millions of years. The diversity in
developmental processes between plants and animals appears to be unique considering .
the fact that both the groups of sexually reproducmg organisms begin their life cycle
from a single cell viz, zygote. ' S

.

Block-1 Plant Development-I: This block covers mainly the developmental aspects
that are related to sexual reproduction in flowering plants.

Block-2 Plant Development-II:* The various developmental processes oker than
reproduction form the subject malter of this block. Phenomena such as rool and ‘shool
morphogenesis, apical dominance and secondary growth are discussed in this block. Fur-
ther, this block aiso briefly deals with (be current trends in developmental studles in
_plants.

Block-3 Animal Development-I: This block deals with development during embryonic
period, more specifically the mechanisms that transform a single-celled zygote to a three
layered structure the gastrula, We also discuss mmphogenesm of specific organs and
organ syslems from the germ layérs.

Block-4 Animal Development-II: Thi$ block comprises phenomena of metamorphosis,
regeneration, ageing and cancer that occur during post-embryomc life, and further there
is an unit on human development.



What you should already know

We assume (hat you are familiar with the our Cell Biology Course (LSE-01) as itis a
prerequisite for this course. It will be useful to refresh your memory of what you have
learnt in your Genetics course (LSE-03) particularly the units 14, 15 and 17; units g and
10 of Physiology-Tl (LSE-05); and unit 10 of Evolution-1 (LSE-07), before you start a
study. of this course,
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A} Scanning eleciron micrograph of 16 coll stago of ﬁ:og
embryo (after L.M. Beidler).

B) Top view of plani showing opposilte, decusiato amange
ment of leaves (Courteay: Professor H.Y. Mohen Ramj,

C) Longitudinal seclion of shoot tip showing apical meristem
{Courtesy: Professor MR, Vijaya Raghavan).

D) Barly gastrula of sea urchin showing invegination in the
vegetal plate {afier Momil and Santos}).
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BLOCK 1 PLANT DEVELOPMENT - I

In flowering plants, like all sexually reproducing organisms, development' commences
from a fertilized egg or zygote. It develops into an embryo which lies pritected in the
seed within the fruit. On geiting the conditions favourable for growth, the embryo
‘develops into a plantlet. In the early stages of embryogeny two distinctive regions are
set apart, approximately at apposite poles, (hat subsequently retain the capacity for
continued growth. One of these, the shoot apical meristem, finctions to form the shoot
system. The other one, the root apical meristem similarly forms the expanding root
system. The aclivities of apical meristems result in the production of the primary body
of the plant. In many plants, there is an additional component of development — the
secondary growth, which leads to an increase in girth of the axis, When the plants reach
sexual maturity, they bear flowers that harbour, the male and female reproduclive organs.
The gametes that are. formed in thesé two organs contribute to form the zygote all over
again, and thus begins the story of development of another plant.

In this course, we have discussed the details of development in plants, not exactly in the-
same sequence as described above but we have picked up the threads somewhere in
between. In the first unit, Anther and Ovule — we begin by taking up the structural
organisation in relation to the functional aspects of the male and female reproductive
organs. These are the seats for the productian of the pollen and embryo sac — the male
and female gametophytes of the flowering plants,

The microspore nucleus undergoes mitotic division forming a large vegetative cell and a
small generative cell. The latter further divides forming two sperm cells — the male
gametes. On the other hand, the functional megaspore organises into an embryo sac,
Present in the embryo- sac is the egg cell which is the female gamete. In Unit 2

— Gametogenesis. you would study about the events that lead to the formation of male
and female gametes.

Unit 3 — Pollination and Fertilization. After the formation of the male and female
gametes, the two crucial steps of sexual reproduction follow, i.e., pollination and -
fertilization. The result is the formation of zygole that eventually develops as the

embryo which remains protected in the seed. In nature, the successful accomplishment
of these processes is dependent on a number of factors, that too, you would study in

this unit. -

Unit 4 — Endosperm. One of the peculiarities of angiosperms is double fertilization,
resulting in the formation of zygole and a triploid tissue — the endosperm. The lissue is
interesting nol only from the point of view of its origin, but also of its structure. This in
- fact is the nutrient store house of the embryo locked up in the seed. In this unit you
would study the salient morphological, stnictural and cellular details and functicns of
endosperm.

Unit 5 — Embryogenesis. After the fertilization of the egg cell, the zygote develops

into an embryo. A study of this unit will familiarise you with the varioiis events

during the development of embryo. You would also learn how to differentiate the
dicolyledonous embryo from the monocotyledonous one. The role of specifal

structures such as suspensor and endosperm in the proper development, of embr

also dealt with in this unit. Usually one may expect one embryo per séed, but there~ ~
are instances when more (han one embryo also develops. We shall also explore

Lhese multiple embryos from the point of view of their origin, development and their
utility..

Unit 6 — Seed and Fruit. The post-fertilization development of the ovule and the ovary
results in the formation of seed and fruit respectively. In this unit you would study
ahout the development of seed and fruit, the various kinds of appendages present on the
seed surface, the nature of food reserves and the common seed dispersal mechanisms.
Two interesting aspects, that is, parthenocarpic development of fruit, and the
phenomenon of vivipary are also taken up in this unit. .
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Objectives

After studying this block you should be able to:

describie the structural organisation and the function of various tissues composing
the androecium and gynoecium,

discuss and compare the events that lead to the formation of male and fema.l_e

" gameles;

elaborate the process of pollination and fertilization, hlghhghlmg the unportant ;

. factors that influence/affect these processes;

cxplain the origin, structure and importance of cndospeml;

elucidate embryogenesis in dxcolyledonous and monocor.yledonous plants, |
highlighting the role played by special structures such as suspensor and endospen:n,

descnbe the post-fertilization events Lhal lead to the development of seed and fruit



UNIT 1 ANTHER AND OVULE

Structure ' : Page No.
1.1 Introduction 7
Objectives : 7
1.2 Anther _ - 8
1.2.1 Development 8
1.22  Anther Wall Layers . 9
1.2.3  Sporogenous Tissue 13
1.3 Ovule 17
. 131 Development 17
132  Types of Ovule : 18
133 Stucture _ ;18
1.4 Summary 24
1.5 Terminal Questions . ’ 25
1.6 Answers ’ 28

‘1.1 INTRODUCTION

The first unit of developmental biology in plants describes the male and fomale
reproductive structures, i.e., the androecium and the gynoecium, of the flowering plants.
These two structures are responsible for producing the pollen and the embryo sac,
respectively which represent the gametophylic generation. Dunng the course of
evolution, these structures, particularly in the angiosperms, have becomc highly
specialised, i.e., they have developed various kinds of cells and nssueS, each responsible
for performing specific’ function. In this unil, you would study the deyelopment and
structure of the androecium and gynoecium in relation to their functions.

Objectives

After studying this unit, you should be able to: -

e describe the early developmental stages of an anther;

e depict the structural organisation of an anther;

e relate the origin, structure and functional interrelationships among the ussues that
compose microsporangium;

differentiate between amoeboid and secretory type of tapetum;
explain the sequential events associated with microsporogenesis,
depict the structural orjanisation of a typical ovule; '
trace the events in the devélopmcnt of ovule;

discern the various type:s of ovules;

recognise and explain the specialisation in various parts of the ovule;

follow mMegasporogenesis.

Study Guiile

Before you begin to study this unit, you should have a clear picture of the concept of
androecium and gynoecium. Androecium represents the collection of stamens in a
flower. And each stamen in turn consists of an anther and a filament. Pollen grains are
produced in pollen sacs located inside tf® anther Tobes. When pollen grains become
mature, the anthers split open, releasing the pollen. The gynoecium represents a
collection of carpels. You may recall hat a carpel consists of a stigma, style and ovary.
~The ovary encloses the ovule or the megasporangium, in. which the megaspores and the
female gametophyte develop® The latier, after fertilisation produces the embryo and -
endosperm, whille the entire microsporangium with its enclosed structlures, becomes the
seed — the umitt that ensures link with the next generation.
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In this unit you would see many diagrams. Do not skip them, but usé them to clear your
concepts and make your study of the vnit meaningful. Therefore, spénd some time on
each diagram, as and when it is referred 0. You will also come across several botanical
names as examples of different situations. You need not memorise all of them, but iy
o remember art least a few. )

Prior Reading

A revision of the following two units, would be helpful in.a better understanding of
some of the concepts dealt in this vnit, particularly the Subsecton 1.2.3.

Unit-17 of LSE-01, Cell Biology course;

Unit-03 of LSE-03, Genetics course.

1.2 ANTHER

L -
. ~

A (ypical anther has four microsporangia, (tetrasporangiate) two in each lobe
(see Fig. 1.1). One of the easiest methods of studying the structural details of the anther
is by cutting a wransverse section of the anther.

by

-+

Endothecium

Tapetum Middle layers

Connective )
Epidermis Microspore
) mother cells
Endothecium
— Tapetum

Sporogenous

tissue
Tapetum

®

Fig. 1.1: {a) Diagrammatic representation of a typlca! anther, cut in transverse section.

{b) A portion enlarged to show the basic cell layers/tissues.

1.2.1 ]}evelopment o

A young anther consists of a homogeneous mass of meristematic cells that are
surrounded by an epidermis (see Fig. 1.2a).

As the anther develops further, it-begins to assume a four-lobed appearance, and cne or
a group of two or more hypodermal a.rche_sporia.l cells differentiale in each lobe, These
cells appear conspicuously different fromi’the rest as they are larger, densely cytoplasmic
and have prominent nuclei (Fig. 1.2b). These are the archesporial cells (see Fig. 1.2b,
arrow). The archesporium may be either single-layered or made up of several vertical
rows of cells. The latter ih:a‘yainsverse-"secrl.i-on of anther-appears as a plate of cells (see
Fig. 1.2¢).- ) '

The arch;sp_oriaj cells divide in a plane parallel to the outer walt of the anther lobe.
Such divisions are known as periclinal divisions. After one such division, one primary
parietal cell {towards the epidermis, abbreviated 'as PPC), and another primary ]
sporogenous cell (towards the interior of the“Anther sac, abbrevialed as PSC) are formed

" (see Fig. 1.2d). The PPCs by repeated periclinal and anticlinal divisions {at right angles

to the surface) give rise to 2 to 5 layers of the anther wall. And the cells of the primary
sporogenous layer, either directly or after a few- mitotic divisions form the microspore
mother cells (abbreviated as MMC). The schematic representation of the ontogeny of -
the anther wall layers and the microspore mother cells is presented in Figure 1.3.
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Epidermis

}\ Dividing primary
% parictal cell - .
]\D. .. . . - (C)
ividing primary - _

- sporogenous cell
@

N

Fig. 1.2: Diagrammatic representation of different stages of development of
microsporangivm: a) An undifferentiated anther showing homogeneous mass of
cells surrounded by epidermal layer; b) anther that has begun to assume four
lobed outline, a portion of the same enlarged (o show the prominent archesporial
cells; ¢) an outline diagram of a four-lobed anther. The shaded aress in each lobe
represent archesporial cells, d) 'a portion of an anther lobe enlarged to show the
two products of the archesporial cell. The one towards the epidermis is the
primary parietal cell and the inner one is the primary sporogenous cell.

Undifferentiated anther

Epidermis . ' Archesporium
Primary parietal cells (PPCs) " Primary sporogenous (PSCs)
I ' cells
Secondary Secondary Secondary sporogenous
parictal parictal cells
cells cells '
| | I
Endothecium Upper Lower Tapetum Micrespore
middle - middle mother cells
Iayer layer
Epidermis Endothe- Middle Middle Middle Tapetum Microspore
cium layer layer  layer mother cells

Fig. 1.3: Schematic representation of the ontogeny of anther wall layers and microspore mother
cells in young anther of Alectra thomsoni (After Vijyaraghavan and Ratnaparkhi, 1973).

1.2.2 Anther Wall Layers
The wall of a mature anther consists of the’ following layers, from the epidermis

inwards: epidermis, endothecium, middle layers and tapetum. .
. -~
Epidermis

The epidermis is the outermost layer of the anther wall. It undergoes only anticlinal
divisions. In this manner it is able to copg up with the rapidly eniarging internal tissue.
In a mature anther, the epidermal cells appear greatly stretched and flattened. The
function of the epidermal cells is mainly to provide a prolective covering to the internal
tissues. . :

Anther and Owvule
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plants like Triricale an entire ring of endothecium is present.

Endothecium

The layer of cells lying immediately next to the epidermis is the endothecium, which is
responsible for the dehiscence of the anther. It.is usually single-layered, but someﬁmgs
multilayered as in Nicotiana tabacum. You may. recall that the endothecium originates
from the PPCs (Fig. 1:3). The endothecium mostly differentiates in the four protuberant
or bulging parts of the anther (see Fig. 1.4a, thin arrows). Sometimes, it also develops
near the connective region of {he anther (see the shaded regions in Fig. 1.4). In some

Quler
inngenlial

wengentinl - X
wnll “*,

-
)]

7

Fig. 1.4: (a) Diagrammatic skelch of the transverse section of an anther showing the,
’ position of the endothecium (small arrows), Large arrows point fo the two
dehiscing regions of the anthers showing longitudinal dehiscence.
(b) A few endothecial cells enlarged 1o show the characteristic endothecial
thickenings.

The endothecial cells are radially elongated (see Fig.1.4.b). Their full development is
attained by the time the anther is ready to dehisce to discharge the pollen grains. Al
maturity the endothecial celis can be easily recognised by the presence of fibrous bands
(Fig.1.4b). They usually arise from the inner tangential walls. The fibrous bands

radiate oulwards and upwards ending ncar the’outer wall of each cell. Hence, the

inner tangential wall appears thick, whereas the outer tangential wall appears thin.
These thickenings contain a high proportion of celluiose and a small amount of

pectin. '

As mentioned above, the .endothecial cells, owing (o their thickenings help in the
dehiscence of the anthers. This is brought about due to the differential hygroscopic
expansion of the outer and the inner tangential wall of the endothecial cell. You may
recall, that the inner walls are thicker duc o the presence of more ¢t-ccllulose than the
outer ones. Therefore, the inner walls absorb more moisture and expand more than the
ouler ones. This results in the rupluring of the anther wali. This rupiure or opening up
of the anther oceurs at the 'weak’ points of the anther, that is, areas in the anther that .

lack such thickenings. In the longitudinally dehiscing anthers which are of most common

occurrence. ihere nre usually (wo such “weak’ arcas (see Fig. ].4a, solid arrows). There
are also some variations in the endothecium siructure end function. In the cleistogamous
forms (whose flowers never open), the endothecial fibrous thickenings are absent. These
cells may also not develop in plants whose anthers dehisce by apical pores as the
dehiscence of anther takes place by dissolutions of certain cells at the apex of the
anther. ’

Middle Layers

. Inner to the endothecium lie one to three layers of cells, which are collectively termed
middle layers’ These originate from the PPCs. (you may look at Fig.1.3 again) and have
a nutritive function. The cells comprising These layers arc generally rich in reserve food
such as starch, during early stages of anther development. These cells are gencrally
ephemeral. When the microspore mother cells undergo meiosis, ‘the cells of the middle
layers usnally become flattened and crushed.

* Tapetum

Tapetum is the innermost and the most important layer of the anther wall. It is generally

s e e — ‘r e




composed of a singlé layer ofcells. 'T'hese_ cells-complelcly"Sliri'ound'TELe\sporogenous
tissue (Fig.1.5), and they attain maximum development when the sporogenous Lissue is
at the-tetrad stage. The tapetum is of dual origin in most of the angtosperms; the cells
of the outer side criginate from the derivatives of the PPCs, while those of the inner

portion originate from the cells of the conncctive. Usually tapetal cells of different

origin also appear different in size and structure. Tapetum of.dual origin is also known' '

Anther and Ovu.le B

as dimorphic tapetum. In Alectia thomsoni, the tapetal cells on the outer side are much

smaller than those on the inner side (Fig.1.6).

Tapelum surrounding
the sporogenous
tissue L L

Fig. 1.5: (a} Diagrammalic sketch of transverse section of an anther §huwing the position
- of lapetum. (b) A few cells enlarged to show the dense cytoplasm and
mullinueleate condition of the tapetal cells, -

- The tapetum is a nourishing tissue. In a young anther, the tapetal cells remain in contact
with the microspore mother cells through plasmodesmata till the formation of meiocytes.
As sooh as meiosis is completed these connections become plugged. Tapetum also plays
an important role in the formation of exine and deposition of tryphine and pollenkiut.
You will know more details about these two terms in the next unit. We shall now study
the structure of the tapetal cells, ’ ’

P-tapelum Locule

- C-fapcmm

Pollen

Fig. 1.6: A part of microsporangium of Alectra thomsoni showing dimorphic tapetum.Note
" . the Iérger cells on the inmer side (C-tapetum). These are derived from the -
" conntechive regidn. And those from-the outer side (P-tapetum) are smaller and are
the products of the PPCs. (After Vijyaraghavan and Ratnaparkhi, 1973).

To begin with the tapetal cells are densely cytoplasmic and uninugleate. They often

. become from two to four and at times even up to 16 nucleate. The multinucleate
E condilioh“resulls_ from nuclear divisions not accompanied by cytokinesis. Tapetal cells
. also become polyploid, cither due to endonuitosis, polyteny or by the formation of
_Yestitution nuclei. * '

Thus, there is an increase in DNA comtent, but there is no change in the number of
chromosomes in the nucleus,

The spordgenous cells that have
cntered the meiolic phase are
termed as meiocytes.

Endomitesis — Mitotic division
in' which chromosome
duplication and chromalid
separation take place within the
inlacl nuclear membrane and
withoul spindle formation.

Formation of restitution nuclei
— The milosis goes on
nermally up to the carly
anaphase stage but the two scts
of chromosomes formed,
become enclosed within a
commen nuclear membrane,
Such a nucleus is known as the
restitution nuglews.

Palyleny — This refers to an

- ' \

increase in the number of
chromonemata per chromosome,

i
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For the normal development of pollen grains, development of tapétﬁ'.m is very important. -

If the tapetum fails to develop or funclion abnon‘nally, viable pollen grains are not
formed; pollen sterility results. )

In angiosperms there are two principal types of tapelum: the amoeboid and. the
secrefory. In the secretory type of tapetum, the constituent cells maintain their
individuality and position, whereas in the amoeboid ‘type, the cells change their position
and shape during ontogeny. We shall now sludy a few more details aboul these two
types of tapetum,

Amoeboid Tapetum: It is also known as invasive or periplasmodial tapetum. This type
of tapetum is more prevalent in the monocotyledons (Arum) than in the dicotyledons
(Helianthus). In the amoeboid tapetum, there is a break-down of the inner tangential cell
wall followed by the enlargement and movement of protoplasts into the anther sac,
where they. fuse and form periplasmodium (Fig. 1.7). The formation of penplasmochum
occurs at different developmental stages ranging from meiotic prophase to tetrad stage of
pollen development, in different species. In the anther sac, such fused protoplasts or the
periplasmodia closely surround the developing microspores and play an imponant roje in
pollen development. At the tetrad stage the lapetal cytoplasm produces. the enzyme
callase which breaks down the callose wall around the microspore tetrads, releasing the
microspores into the periplasmodium. Towards the end of pollen development, the
periplasmodium degenerates, dries up a.nd becomes coated on the surface of the pollen
wall as pollen kitt materlald

Epidermis

) . : [ Endodermis
- ' - Amocboid
@ I\ tapetum

Microspore’

Fig. 1.7: A part of ts. of anther showing amoeboid tapetum.
Secretory' Tapetum . S . o \

Secretory tapetum has other names: parietal, cellular or glandular tapemn{.' Secretory
tapetum is more commonly observed in the dicotyledons. Unlike the amoeboid tapetum,
the cells of the tapetum remain intact in their original position, till the maturation of the

* pollen grains. The tapetal cells secrete and liberate substances to the anther sac from

their inner walls (Fig. 1.8). .

—— Endodermis

Microspoere

Fig. 1.8: A part of ts. of anther showing secretory (apetum. ’
Note the orbicules on the outer wall of the tapetum
facing the microspore tetrad.

e -




In several laxa that are characterised by secretory tapetum, there is deposition of )
* sporopollenin granules on the inner faces of the tapetal cells. These granules are referred
to as the orbicules or as ‘Ubisch bodies’, and these can be easily seen through the light
microscope. The orbicules are generally absent in plants that show plasmodial type of
tapetum. The orbicules originate in the cytoplasm as lipoidal pro-orbicular bodies (pro-
Ubisch bodies) with a limiting membrane. These pro-orbicular bodies accumulate below
the plasmalemma, and ‘are extruded to the cell surface (facing the locule) where they
acquire a sporopollenin coating. It has been believed that the orbicules have a role in

pollen exine formation and pollen dispersal.

1.2.3 Sporogenous Tissue .= -

You may recall that the primary sporogenous cells (PSCs) result after the periclinal
division of the archesporial cells. The PSCs may undergo mitotic divisions and increase
in number before functioning as MMCs or the PSCs may -function directly as MMCs.
The .MMCs undergo meiosis and give rise to haploid microspores. The details of metosis
have been extensively studied.

Anthers are ideal systems to study meiosis. This is mainly due to the fact that, they are i

readily available and accessible for experimentation; and each anther contains a large
number of mejocytes, mostly exhibiting synchrony. Most of the information on meiosis
has been obtained from investigations on anthers,

Box 1.1: Meiosis in anthers.

Many interesting studies have been carried out on meiosis in anthers by using
lissue and organ cullure techniques. It is possible to remove anthers at different
stages of development, culture them on a nutrient medium and investigate
microsporogenesis. When the anthers are excised before the initiation of meiosis
and cullured on a medium, meijosis is not iniliated. However, if anthers are’
cultured after initiation of meiosis the division is. coptinued in c.u]tured anthers and
results in the formation of microspores even on a simple nutrient medium. These
results show that anthers require some spec1a] factor{s), apart from basic nutrients
for the initiation of meiosis. -

What is the exact nature of the stimulus for inducing meiosis in the sporogenous
cells is not clear as yet although it appears that meiosis is tissue spécific. It is
believed that the stimulus originates elsewhere in the plant, and is transmitted to
the anther. This stimulus is highly- specific and functions only in the sporogenous
cells, and not even in the nearby tapetal cells, through which it must pass to reach
the sporogeneous tissue. - :

Meiosis is a significant event in sexual reproduction. You may recall from your study of
Unit 3, Section 3.2 of LSE-03 course that, apart from reducing the diploid chromosome
number to half, mejosis provides genetic variability due to recombination and crossing-
over. These events lead (0 new genotypic combinations. This is the essence of sexual
reproducllon

As you have studled the meiotic cycle can be divided into two phases. Meiosis-T
consists of a reduction division, resulling in two haploid cells or nuclei and meiosis-1I i is
more or less like normal mitosis. In this unit, we shall not discuss the details of the
process of meiosis. But in case you wish to revise them, you may refer to Umt 17, of
LSE 01 course.

Syncytium ‘Formiation

In a young anther, before the onsel of meiosis, the different cell layers, i.e., the anther
wall layers, tapetum and sporogenous tissue (Fig. 1.9a) exhibit plasmodestnatal
connections between the cells of adjacent layers. This means that there is: a flow of
nuurients beiween-different cell layers. As meiosis is initiated, the plasmodesmatal
conneclions between the cells of different layers (i.e., between the wall Layers and the .
tapelum, and between the tapetum and the sporogenous tissue) get severed. But the cells
of the same layer, however, continue to possess plasmodesmatal connections between
themselves.

‘Anther and Ovale
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Cyloplasmic
Channels

P T

@é:— MMC.

X}_.pd J<-—— Plasmodcsmata

Fig. 1.9: D:agrammauc representation of the cellular conneclions in developmg anl.hers, only
a part of the anther is shown here. (a} shows connections between the tapetum and
Lhe MMCs,(b} the MMCs are now enclosed in thick callose walls (shown in dark
colour) and are interconnected by wider cyloplasm.lc channels. {c) Callose wall -
completely surrounds the MMCs and thus isolales them. : 2

An mlercsung structural change occurs in the sporogenous cells soon after memsns slaris. .
Each sporogenous cell develops an additional wall made up of callose (a polysaccharide ~

. made up of B-1, 3 glucans) on the inner side of their-cellulosic cell wall. The original
cellulosic wall finally disintegrates. Certain ‘plasmodesmatal conneclions between
adjacent sporogenous cells become -wider to form thick cytoplasmit bridges. Thus, each
MMC becomes enclosed in a callose wall excépt along thé massive cytoplasmic. -

- connections or channels, 1-2 pm in diameter, (Fig. 1.9b). The cytoplasmic connections
are wide enough to allow the free passage of cyloplasm and organelles between
meiocytes. Thus, although there are hundreds of MMCs in. each microsporangium, all of
them constitute a single functional entity called syncyrium. Because of the massive
cytoplasmic channels syncytium is, very effective in distributing. the requisite cell
components amongst all the cells of the syncytium. This event is con51dcrcd to regulate
-synchrony amongst the meiocyles of a mlcrosporangmm

Isolation of Melocytes and Microspores

As meiosis progresses in the MMCs, the callose wall extends even 10 those Eegions

occupied by the cyloplasmic channels. This results in the interruption of the cyloplasmic'

* channels, and thus each MMC gets completely enclosed by a callose wall (Fig. 1.9¢).
This happens at the end of Metaphasc I and Metaphase 11 depending on whether the
cytokinesis is successive or simultaneous. You will study about these laler in the text.
After the completion of mejosis and formation of four microspores from each MMC,
callose wall exiends to the separating walls of the microspore tetrads. Thus, individual
.microspores are also isolated  from its neighbours. The callose wall acts as a seleclive
barrier preventing the passage of larger rolecules such'as proteins and' peptides. The &
arrangement of microspores in a microspore {elrad varies. ch different kinds of
patterns have been found (Flg 1.10).

Tetrahedral - Isobilateral ‘Decussate’  Lincar - T-shaped

- Fig. 1. 10 D:l'l‘erent arrangemean of mlcrospore tetrads in iristolochia elegans (Al'ter John )

And Bhatnazgar, 1955).

e -




Fig LIL: (a) S’uccesswe type of cytolunes:s in Commelina subufa:a Note: the callose-wall |

around the cells is represented here in dark colour.. i) MMC prior to me:oms,

ii) dyad stage, ii) metaphase-II, iv) telophase-I1 ¥) tetrad stage.

(b) Simultaneous type of cytokinesis in Drimys winteri. ‘i) MMC prior to meiosis
ii) metaphase-I iii} binucleate cell iv) metaphase-II ¥) 4nucleate sr.age
vi) leirad stage (After; (a) — Chikkannaiah, 1960; (b) — Bhandari and
Veokataraman, 1968),

The temrahedral and isobilateral types of arrangement of microspore lcl.rads are the Most

common. However, decussale, linear and T-shaped tetrads are also found. In Aristolochia

elegans all the five types of microspore tetrads have been observed.

There is variation in the formation of the cell wall (cytokinesis) separating each.’
microspore (sec Fig. 1.11). In the successive type.the two resulting nuclei formed after
the first nuclear division are separated hy the laying down of a wall to form a dyad,
e.g.. Commelina subulata. The nucleus of each dyad then undergoes a division, again
followed by wall formation. In the simultaneous type of wall formation, which is of
common occurrence, the first nuclear division is not followed by wall formation. The

. walls are laid down only after the formation of four nuclei.

Cytoplasmic Reorganisation L )

Meiosis is also associated with major reorganisation of thé cytoplasm of MMCs and
microspores. Microspore mother cell shows high metabolic activity. As meiosis is
initiated, the synthetic activity of the cell is reduced. The rate of synthesis of RNA
and proteins is drastically reduced. The cell undergoes dedifferentiation. The

ribosome population of the'cell comes down significantly. Even the mitochondria and
plastids undergo dedifferentiation, that is, they Ioose most of the internal membrane
system and become spherical bag-like structures. However, small pockets of cytoplasm
(consisting 10-20 percent of the total cytoplasm) gets enclosed by membranes and. these
pockels do not undergo the reorganisation that occurs in lhe rcmalmng part of me
cyloplasm

Towards the end of meiosis, the microspores restore the synthetic activity, The synthesis -

of RNA and proteins is initiated, the ribosome population of the cell is restored and the
mitochondria and blasllds redifferentiate to their normial configuration with internal
membranc syslem and regain their original shapc

Release of Microspores -

Up to the tetrad- stage, there is no cellulosic wall around the microspores. As you will
come to know inr the next unit, a unique feature of the pollen is the omamentation of-
the pollen wall. This ornamentation is seen on the outer layer of the pollen or exine.
The exine is made up of sporopollenin, one of the most resistant (to physical and
biological decomposition) substances known in the biological world. Pollen grains of
prehistoric plants are well preserved-as fossils because of their exine. There js enormous
_variation in the ornamentation of the exine, and it is a characteristic fealure of a given
species. Often pollen grains of particular group of plants can be identified on the basis
of their exine patlern. : .

The blue print of exine, termed pnmcxme is lard down below the callose wall afler the
ba.snc structural features of the exine 1nc1udmg the position of the germpore (a region in

_ Anther and Owule
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the pollen wall through which the pollen tube emerges) are demarcated in the primexine.
This important morphogenetic event takes place while the microspores are still enclosed
in the callose wall, in groups of four or at the tetrad siage. Thus, the pattemn of mature
exine is laid down before the spores are set free. The callose wall seems to play an
important role in the orderly deposition of primexine. You will read more about this in

‘the next unit.

After the development of exine, the callose wall dissolves. The enzyme callase which
dissolves the callose wall is produced by the surrounding tapetal cell periplasmodium.
The development of the male gametophyte begins.afier the liberation of individual
microspores.

Some Rare Features

The microsperes, genefally become separated shortly after meiosis. However, in some

- plants such as Drimys and Drosera, they do not separate but form compound pollen

grains. In the Orchidaceae and Asclepiadaceae, all the microspores in a -
microsporangium remain together and form a structure called the pollinium.
Occasionally the microspores in a tetrad \indergo further divisions and produce polyads.
This phenomenon is known as polyspory. In Hyphaene the number of microspores goes’
upto 8 (Fig. 1.12), 11 in Cuscura reflexa and 22 in Thunbergia mysorensis. -

Fig. 1.12: Polyspory in Hyphaene indica. a) A MMC after meiosis, shows the presence of
four nuclei, b} An octad that is likely to have originated from the stage of MMC
ag shown in figure a.

SAQ 1

Given below are a sel of terms not given in any particular order. Link them in a way lo
form a concept: tapetum, filament, wall layers, pollen grains, endothecium, Sporogenous
tissue, epidermis, androecium, middle layers, anther.

1 L
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Strike off the incorrect term(s) given in the bracket,

a) In (successive/simultaneous) cytokinesis, a cell plate is formed afler the first as well
as the second meiotlic division so that there is a distinct dyad slage, whereas in
(successive/ simultaneous) cytokinesis cell plates formed only afier the second
division. .

b) A periclinal division in the (microspore mother/ archesporial} ceil resuits in the
formalion of a primary parietal cel! and a primary sporogenous cell.

c) The cells of (lapetum/endothecium) can be récognised easily in mature anthers on
account of the presence of fibrous bands of thickenings arising from the inner
tangential walls

d) The cells of the (endoLl'lccnumelddle layers) are usually shurl—lwed and are used up
quite carly during the development of microspores.

e) In the (sccrelory/amoeboid) Lype of lapetum, the cell walls breakdown, and the
protoplasis enter the anther sac, and by their fusion a periplasmodium is formed
-around the (microspore mother cells/endothecium).

f) There are numerous MMCs in a microsporangium, and they behave asa single
functional entity — the (syncytium/pollinium),

1.3 OVULE

The ovuie, also known as the megasporangtum is the forerunner of the seed. It consists
of a central mound of lissue called the nucellus, which is enveloped by one or two
coverings — the integuments. An ovule ready for fertilisation consists of nucellar tissue
enveloped almost completely by integument(s), leaving a small pore or opening at the
apical end (Fig. 1.13). This opening, called micrepyle is the main passage for the entry
of the polien wbe into the ovule. This end of the ovule is generally referred to as the
micropylar pole and the opposite pole where funiculus js attached is called the chalazal
pole. The avule is atiached to the placenta through a stalk-like structure the funiculus.
In the nucellus is present the female gametophyte which is commonly rcferred 10 as the
embryo sac.

Funicle
Fe— Micropylar Pole
Cuter integument
Inner integument

Nucellus

Embryo sac

Chalazal Pole

Fig. 1.13: Outline diagram of a typical ovule to show ils various component parts.
1.3.1 Development

The ovule develpps from a specialised region of the ovary — the placenta. Initially it
appears as a small mound on the placenta, and is composed of homogenous tissue (Fig.
1.14a-c). Subscqucnlly it cuts off initials for the integuments, and undergocs spemfc
degree of curvature to develop as a mature ovule. .

We shall resume discussion on the struclural and developmental aspect of ovule later {in
the subsection 1.3.3) when you siudy integuments.

T
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Fig. 1.14: Different stages in the development of ovule. (After Bouman, 1978).
1.3.2 Types of Ovules

Ovules undergo varied degrees of curvature during development. The position of
micropyle with respect o the funiculus becomes different ‘and constitutes the basis of
classification of the ovules. Five basic types of ovules are known. These are: anatropous,
orthotropous, hemianatropous, campylotropous and amphitropous (Fig. 1.15a-¢).

- - -

a b

Fig. 1.15: Types ol ovules. a) anatropous; b) arthotropous, ¢} hemianatropous,
d) campylotropous, ) amphitropous. The abbreviations used in the figure are:
m-micropyle; ii-inner integument; oi-outer integument; n-nucellus; es-embryo sac;
and [-luniculus.

Anatropous

This is the most common type of ovule in angiosperms in which the ovule undergoes
curvature such that the micropylar end comes to lie parallel to the furiculus (Fig. 1.15a).

Orthotropous

In this type of ovule no curvature occurs and the micropyle lies in a siraight line with
respect to the funiculus (see Fig. 1.15b).

Hemianatropous

The i'lcmianalropous condition results from the curvature of the ovule such that the
micropyle comes to lie at right angles to the funiculus (Fig. 1.15¢).

Campylotropous

In campylotropous type, the ovule is curved but the curvature is less than- that in the
analropous condition (Fig. 1.15d).

Amphiiropous

The amphitropous ovule looks like the campylotropous ovule at the first glance. But
there is a point of distinction. In this type the nucellus and the embryo sac are curved

~ like a horse shioe (Fig. 1.15¢).



Circinotropous Anther and Owle
Besides the above basic forms, another interesting type tha( you should know is the

circinotropous ovule (Fig. 1.151). In the early developmental stages of such ovules the

nucellar protuberance is more or less in line with the axis (sec Fig. 1.16a). In the further

developmental stages, due Lo unilatera] growth, it assumes anatropous form (see Fig..

1.16¢). The curvature does not stop at this, but continues until the ovule has lurned over

completely so that the micropylar end again points upwards. (sec Fig. 1.16d-f) This kind

of ovule is common in families Cactaceae and Plumbaginaceae.

1.3.3- Structure
Integuments

The integuments are the coverings of the ovule, which mature into the seed coat. The

-.ovules may have one {(unitegmic condition) or two (bitegmic coi'_ldi'ljon) integuments, The
Sympetalae predominantly show: unitegmic condition. The bitegmic condition is common -
in Polypetalac w monocots. o

Fig. 1.16: Development of circinolropous ovule in Plumbago capensis. Shaded area represents
ovarian cavity (after Haupt, 1934),

Nucellus

Enclosed within the integuments lies a homogenous mass ‘of tissue which is termed as

" the nucellus. This is the tissue in which the female gametophyte differentiates and
develops. At an early stage of ovule-development, usually an archesporial cell or a

_ group of cells differentiate in the hypodermal region of the nucellus. The archesporial
cell may function directly as the sporogenous cell. In such situations, the Sporogenous
cell also remains hypodermal in position and is surrounded by a‘single-layer of nucellus,

in the micropylar region (see Fig. 1.17). Such ovules are known as tenuinucellate, These
are commonly seen’in Sympetalae. '

Nucellar epidermis

" Integuments

@ . ®) © @

Fig. 1.19: Tenuinucellate ovule ‘of Elytraria acaulis. In ¢ and d integuments are not shown.
(After Jobri and Singh, 1959), -

-In ‘some instances, the hypodermal archesporial cell divides périclinally to form an outer

_parietal cell and an’inner sporogenous cell. The parietal cell may either remain

* undivided or it mmay undergo a few periclinal and anticlinal divisions causing the .
formation of several layers of celis above the spo’rogenous.a;lll (Fig. 1.18), '19
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Nucellar _ cpidermis Pariclal

Fig. 1.18: Megasporogenesis in Myriopliyﬂum intermedium. a) A division in the archesporial
cell resulting in an outer primary parietal cell and inner primary sperogenous i
cell, b) The primary pariclal cell has divided periclinally. ¢, d) Further divisions '-
in (he sporogenous cell (After Bawa, 1969).

1
i
Somelimes in addition to the parictal cells, the nucellar cells situated above the
sporogenous tissue also divide repcatedly. Consequently, the sporogenous cell becomes
deeply embedded in the massive aucellus. Such a condition of the nucellus is known as
crassinucellate (Fig. 1.19). . ;

Parietal

Fip. 1.19: Nigella damascetia. A part of the ovule showing the nucellus. The megaspore
mother cell becomes embedded in the nucellar lissue due lo divisions in the -
cpidermal cells of the nucellus and the formalion of parietal cells. {After -
Vijyaraghavan and Marwah, 1969). -

In the majority of angiosperms, the nucellus is consumed by the growing embryo

sac or the endosperm. However, in some specics, il persists in the mature seed as the
qutritive tissue. This persistent nucellus is called the perisperm, and it mainly acls as a
storage tissue. A good cxample of the occurrence of perisperm is black pepper
(Piperaceae).

A few nucellar cells located at the base of Lhe embryo sac. but above the vascular
supply of (he funiculus become differentiated from other adjacent cells (sce Fig. 1.20}.
Thesc may become sclerenchymatous, suberised or may remain thin walled and
secretory. These cells constitute the hypostase. Hypostase occurs in several families and
s believed 10 be associated with the following functions:

i) Transponation of nuirienis;

i) As a bamicr or boundary for the growing embryo sac and prevents it from growing
into the base ol the ovule; )

iif) Presumably helps in maintaining the waler balance in the seed during dermancy;
iv) It is also suggested (hat it produccs certain erizymes or hormones or plays a
prolective role in mature sceds;

In some species a few cells of the nucellar tip become thick-walled and differentiate into
an epistase.



Endothelium

Hypostase

Fig. 1.20: Longitudinal section of an ovule, of Bupleurum tenue showing
hypostase and developing endothelium (after Gupta and Gupla, 1964).

Endothelium

In plants bearing unitegmic ovules, the nucellus degenerates during carly stages of ovule
development and the embryo sac comes in contact with the innermost layer of the
integument. The cells of this layer become specialised to supply nutrients 1o the embryo
sac (see Figs, 1.20 and 1.21). These cells elongate radially, their cytoplasm becomes

Fig. 1.21: Endothelium. (a) Note that the cells comprising endothelium
{cn) are uninucleate and the radially elengated. Also mark
the teninucellale condition of the ovule. (b) The endothelium
comprises multinucleate cells. [Alter: (a) Deshpande, 1964;
and (b) Puliaiah, 1978].
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dense and store starch and lipids. This specialised layer is called endothelium. -
Endothelium is also reported in some bitegmic ovules. Tapetal cells are similar to
endothelium cells of anther in storing carbohydrates, preteins, RNA, ascorbic acid and
other metabolites; it is secretory in funttion is hence referred to as the integumentary
tapetum. :

Obturator - . 5 L -

An obturator is an outgrowth of the placenta or funicle or integument or style near the
micropyle (see Fig. 1.22). It is presumed to guide the pollen tube to the micropyle. This
tissue is either composed of thin-walled compact tissue or it is made up of loose hairy
outgrowths. The cells of the obturator at the ultrastructural level, show dense cytoplasm
containing a copious number of ER, dictyosomes, and vesicles. The cells of the
obturator produce a surface exudate and provide mechanical and chemical guidance to
the growing pollen ube. ’

e Bl A

Air space

Embryo
Sac

Funiculus

Fig. 1.22: Ohturator In Tefragonia tetragonisides. (a) Ouiline diagram of
longitudinal section of an ovule, showing the position of the . -
obturator, The obturator is present on both sides of the funiculus.
(b} A portion of the obturator enlarged to show that it is
composed of multicellular, plandular hairs. (Alter Prakash, 1967).

Megasporogenesis

As mentioned earlier, one of the nucellar cells situated subjacent to the epidermis
differentiates into the primary archesporial cell. This cell is larger than the adjacent

.cells has dense cytoplasm and prominent nucleus (Fig. 1.23). In-tenuinucellate ovules,

the archesporial cell functions directly as the megaspore mother cell (abbreviated as
MgMC). In crassinucellate ovules, the archesporial cell first divides transversely to cut
off a primary parietal cell on tte outer side, and a primary sporogenous cell on the -
inner side. The primary parietal cell may either remain undivided or it may undergo a
few divisions o form a few cells above the sporogenous cell.

Micropylar end

Nucellus

Megaspore
mother cell

. Fig. 1.23; A part-of a young ovule with large -
.3, .megaspore mother cell.

-



The primary sporogenous cell usually functions as the MgMC. It has cellulosic walls
and is connected (o its neighbouring cells through plasmodesmara. The MgMC also
known as the megasporocyte, undergoes meiosis and forms four haploid megaspores.
- As it happens during microsporogenesis, deposition of callose takes place inside the
cell wall of the megaspore mother cell, soon afier the initiation of meiosis. As a
result, the plasmodesmatal connections of the MgMC get closed. Then the nucleus of

the MgMC undergoes a meiosis first followed by the formation of a transverse wall. A -

dyad is formed (Fig. [.2da). Each dyad undergoes meiosis I lo give rise to a linear row
of four cells, the megaspores (Fig. 1.24b). This is commonly known as the tetrad Slage.
Sometimes the megaspores are present in a T-shaped configuration. Such a situation

arises due 10 a vertical, instead of the transverse division in the upper dyad.

Micrepylar end Micrapylar end

Nucelbus
Megaspore dyad Tct.rad

Integument

Fig. 1.24: A part of a developing ovule showing the dyad and tetrad stages of Megasporogenesis.

After the formation of a tetrad, only one of the four megaspores functions and forms a
female gametophyte or the embryo sac whereas the other three megaspores degenerate.
Usually it is the chalazal megaspore of the teirad that is functional

During megasporogenesis, a notable feature is the development of callose thickenings

- around the nonfunctional megaspores. We shall elaborate here only the example-of )
polygonum type of embryo sac, i.e.; which is formed from the chalazal megaspore, In
this case, callose first appears in the chalazal region of the MgMC, It then spreads over
its entire surface, isolating it from the adjacent maternal tissue. Following meiosis, the
callose develops around individual megaspores also. However, the callose breaks down
early around the functional megaspore but is retained. around (he non-functional

. megaspores for a longer time.

Apart from callose deposition, cytoplasmic reorganisation is noticed at the ultrastrirclural
level in the megaspores, Reorganisation of ribosomes, and plastids conlaining starch
grains, is basically similar to that reporied in microsporogenesis (see Subsecrion 1.2.3).
This strongly suggests that isolation and insulation of sporocytes and cytoplasmic
reorganisation are the/two important events associated with meiosis. These events are
believed to play an important role in transition from sporophytic 1o gametophytic
generation and facilitate the expression of the gametophytic genome,

We know very little about the physiological aspects of mcgaspofogencsis. This is mainly

due to some technical difficulties. There is just one functional megaspore mother cell in

an ovule as compared with numerous MMCs in Lhe anther. A large preparation of -
MMCs can be easily obtained by sectioning the anther with a sharp blade and pressing
it from the other end. This is however, not possible with the megasporocyte. However,
whatever information is available, it suggests close similarity between microsporogenesis
and megasporogenesis. -

SAQ 3

Given below are a few terms. Arrange them in a way 0 form 2 continuous concepl.

* You may use any term more than once; and also, You may use appropriate words to link.™

the terms. Ny '

Anther and Ovale
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Chain et clopment-T Ovule, placenta, nuccllus, ouler integument, inner inlegument, micropyle, secd coal,
: archesporial cell(s), sporogenaus cell, enuinucellate, crassinucellate, parietal cell.

1.4 SUMMARY

In this unil you have learnt that:.

24

In most angiosperms, cach stamen is composed of an anther and a filament. The
anther gencrally contains four microsporangia. The anther wall consists of four
kinds of layers of cells: epidermis, cndothecium, middie layers and tapetum. Inner
1o these wall layers lies the sporogenous lissue, made up of MMCs. The MMCs

. undergo meiosis and produce microspores.

At the onset of meiosis, the meiocyles are large. rich in cyloplasm and have thip
pecto-cellulosic walls. During early prophase, the mejocytes become interconnected

by cytoplasmic channels and-a process of dedifferentiation of cytoplasm begins. As
prophase commences, a callose wall is deposited on the inner surface of the -
pectacellutosic wall and causes seolation. of meiocyles. Meiosis yields four haploid

nuclei which after cylokinesis result in four microspores. Cylokinesis may be

successive oOr simultaneous.

During microsporogenesis distinct changes occur in the anther wall. The middic
layer(s) disintegrate. The lapclal cells enlarge and become metabolically active. Up
10 this stage the epidermis and endolhecium remain relatively unchanged. -

The femalc reproductive organ, gynoecium consists of carpels. Each carpel has three
panis: the ovary, slyle and stigma. The ovary cncloses (he ovules that develop from
specific regions of placenta. The young ovule has a central mound of tissue, the
nucellus and one or two integuments thal envelop 1t. At the apex af Lhe ovule, a
narrow opening or micropyle is lefl by the integument(s). During development, the
ovules undergo varving degrees of curvature. According to the position of the
micropyle in refation to the funiculus. (he maturc ovule can be classified inlo
octho-, ana-, hemidna-, campylo-, and amphitropous.

The tissues of the ovule undergo differentiation at different locations 10 give rise
to the hypostase, endothelium and obturator, each with a specific set of
{unctlions. ‘

Al an carly sla‘gc of ovule development, one cell of the nucellus develops into
MgMC. 1t divides meiotically to form a linear row (with rarc cxceptions) of four
haploid megaspores. Only one megaspore persists and the remaining three
degenerale. During megasporogenesis callose is deposited on the. walls of MgMC
and the megaspores, similar (o callose deposition during microsporogenesis. After
completion of megasporogenesis, the callose disappears from the walls of the
functional megaspore, whereas il remains present in the walls of megaspore which
degenerale. : )
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1.5 TERMINAL QUESTIONS

1)

Which of the following features make anthers a favourite material for studying
melosis?
a) They aré readily available in large quantities for experimentation.

b) Since the meiocytes.are in different stages of development, it enables one Lo,
study various stages of meiosis even in a single anther.

c) Anthers at various developmental stages can be cultured easily on a simple,
nutrient medivm!

d) Very little is known about the physiological aspect of microsporogenesis.

e) There are only a few microspores per microsporangium, which makes their
. - study easier. -

f .The meiocytes show synchronous development.

Choose the most appropriate answer from ihe choices given below: f

2)

i) abd

i) c.'d e

i) b, d, f

iv)y g, c f

Given below are a set of ilems (a-d) grouped under the heading ‘key’. A matching
explanation of each item is provided in the ‘siatements’ (i-vi). All you have 10 do is

to pick up the matching statement for each item of the key and record your answer
in the space provided.

Key

a) Microsporogenesis

b) Endothecial thickenings

c) Meiocytes

d) Cytokinesis

Statements

i) The microspore mother cells which form the microspores through meiolc
division. )

i) Mitotic divisions that result in the increase in number of the microspore mother
cells.

jii) A process that separates the four haploid nuclei resuiting from meiosis by the
formation of cell plate. )

iv) Are made up of callose, and heip in the dehiscence of the microsporangium.
v) Involves meiotic division leading to the formation of microspores.

vi) Are made up of o-cellulose and help in the dehiscence of anther.
Irem Statement No.

a) [T PU RSP PRPEEETPETE
b)Y e [

C) e

) s

3) List different wall liayers in a sequence starting from the epidermis inwards, in an

anther. Write the salient features regarding the structure and function of each wall
layer. ) 23
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4)

5)

6)

Differentiate giving examples, the secretory and t € amoeboid tapetum. Make
suitable illustrations for each. )

a) Explain the significance of microsporogenesis for the sexually reproducing
plants?

b} Prepare a write up on microsporogencsis, using the following points:

meiotic stimulus — syncytium — role of callose — reorganisation of
cytoplasm — relcase of microspores.

Ilustrate your answer to explain the various points.

Which combination of the following slatements suggest the autritive role of the
lapetum in a developing microsporangium?
a) It is ephemeral and breaks down during early stages of microsporogenesis.

b) Normal development of pollen grains fails 10 occur in microsporangia wiih
poorly developed tapetum. , '

c) Itis the innermost layer of anther wall and it has a dual origin in most
angiosperms. :

d) In a young anther, the tapetal cells retain continuous connection with the
microspore mother cells through plasmodesmata.

e} Tapetal cells have dense cytoplasm, often become multinucleate and their nuclei
become polyploid.

Choose the most appropriate set of answers from the choices given below:

7

i) ab,c

i) e d e

iit) b, d, e

iv) a, ¢, d

In the set of i.llusl:raLior;s given below, idenlify the type of ovule. The symbols used

are: m-micropyle; f-funiculus. The rounded, ovai-or horse-shoe shaped structures on
the lines denote the embryo sac.

:




8) For the items grouped under the key, find a matching statement from (i) (o (vm) Anther end Ovnle
given below,

Key

a) micropyle
b} endothelium
¢} perisperm
d) hypostase

€) obturator
Statements

i) The nucellus which perishes quite early in the development of ovule.

ii) The nucellar cells at the base of the embryo. sac become specialised and
obstruct the downward growth of the embryo sac,

iii) A structure of the ovule near the micropyle, that is associated with directing the
growth of pollen wbe toward the rmcropyle

iv) The integuments form a passage for the entry of lhe pollen tube to the female
gametophyie,

v) The nucellus being -ephemeral, the role of prnfwiding nutrition to the female
gametophyte is laken over by the innermost layer of the integument.

vi) A cap-like structure of cutinised cells differentiates from the nucellus in a
mature ovule.

vii) The persistent nucelius in the seed, that acts mainly as the storage Lissue.

vili) A group of differentiated cells al the summit of the nucellus which protect the
developing female gametophyle.

9) Which of the following features of the endothelium cells suggest their presumptive
nuirilive role?

a) Secretory cells having high concenu-auon of carbohydrates, proteins, RNA and
other metabolities,

b) A single layer of cells, that elongate radially and become thick-walled.

c) Cells are connected with each other and with those of the integument through
plasmodcsrnala

d} Develops mostly in unitegenic ovules and dcgcnerales at heir early stages of
development.

e} The cells often become mullinucleate and polyploid..
Choose the correct answer from the choices given below:

i) abd

i) b, d e

iil) a, ¢, d

iv) a, ¢ e

10) What is the edsential difference between (he tenuinucellate and crassinucellate
ovules? Use appropriate illustrations 10 demonstrate these fealures,

1) Write a brief account on hypostase and obiurator, touching upon the following
points: location, site of origin, characteristic cellular features and functions.

12) a) Delfine megasporogenesis. Why is it considered important for the sexually
repreducing plants? :

b) In what ways is megasporogenesis similar to, as well as different from
microsporogenesis? In your answer draw parallels between the two and also
enumerate the diffecences?
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. 1.6 ANSWERS
Self-assessment Questions . . .
1) - ‘ Androeclum )
Anther Filament
k | / \ -
Watl Sporogenons
" Iayers tlssue
\ \
, Pollen grains '
P . Tapsinm
) ende- layers ]
,Epld'or-l; " theclam
2} 'zi} simultaneous, successive
‘b) microspore mother
‘c) tapetum
d} eadotheciumn
e) secretory, endothecium
f) polyspores
3)
L-] From the
Arises
*
) Comllt of '
| ' i .
G e | ]
intsgument integument
T Differentiates
Forms Archusperial
el (n)
Micrepyle May divide
) - and form ~ ' .
. + Parietal s : R Function directly
Sead cont ' ; eeht el T
| Speregemous ceti | ®
. Hypedermal ..S‘fngfe-hyered
Deeply ' S ‘"‘;’ NHCI’"}I‘ abave
several layers of mucelius ) . L Tenulnucellaty', l
Crasslaussliats




T

1) iv
©2) a)
b)
c)
d)

Terminal Questions

¥
vi
i

3) You may refer to subsection 1.2.2,

4) See subsection 1.2.2.

3) a) Hint: To maintain the pleidy level,

b) Yon may see subsection 1.2.3.

6) iii
7w
b)

Y

d)

€)

f

8) a)
b)

.c)

d)

€)

2 iv

B e g

orthotropous
anatropous
campylotropous
hemianatropous
circinotropous
amphitropous

iv

<

10) You may refer to subsection 1.3.3..

11) See subsection 1.3.3.

12) a)
b)

Hint: ine..iou'c process, and the subcellular organisation; Same as 5a.
Write in your own words after reading subsection 1.2.3 and 1.33.

’

Anther sud Ovule
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2.1 INTRODUCTION

In the previous unit you have read about sporogenesis. Sporogenesis is of two Lypes: .
microsporogenesis and megasporogenesis. The end products of microsporogenesis are
microspores in the anthers, and the end products of megasporogenesis are megaspores in
the ovules, In this unit we take you to the study of the next interesting set of events that
lead to the formation of gametes. You have leamnt that a “microspore” represents the
first stage ‘of the male. gametophytic generation. After pollination the microspore
undergoes a_division to form a generative cell and a vegetative cell. As soon as (be
microspore undergoes the first division, it comes to bé referred to as the polien grain or
‘the male gamli?.tophyte. The generative cell gives rise 1o two male gameles or sperms by
a mitotic division. This sequence is classified as the “nomal” course of
microgametogenesis, about which you will read in section 2.2. The microspore may also
take an unusua! course of development, We shall discuss the unusual developmental
-variation of male gametophyte in sub-section 2.2.4.

In megagamelogenesis, a sequence of divisions leads to the formation of an egg cell or
the female gamete or.megagamete. As a result of division of the megaspore nuclens and
its products, eight nuclei are formed, which become organised into; a central cell bearing
two polar nuclei, three antipodal cells, two synergids and one egg cell. The egg cell is
the female gamele. The enlarged gametophyte is also known as the embryo sac. We
shall discuss the details of megagametogenesis in section 2.3.

Objectives .

After going through the unit you should be able to!

e Lrace the sequence of events in Lhe development of microspore;

e cxemplify deviations from nomnal development at various sleps;

® draw a parallel between male and female gametophyle;

o account for sterility in pollen grains;

e compare with examples, the monosporic, bisporic and tetrasporic modes of embryo
sac development;

e comelate the major components of a typical mature embryo sac, i.e., the female
gamelophyte;

e explain specific functions of various cell types in a female gametophyte.
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2.2 MALE GAMETOPHYTE

You already know thal a microspore represents the first stage of the male gametophytic
generation, A short resting period occurs between the formation of the microspore and
the division of its nucleus. The nucleus of the microspore lies in the centre to begin
with. Owing to the formation of the vacuole it is pushed towards the wall.

2.2.1 Formation of Vegetative and Generative Cells’ .

The division of a pollen grain results in two unequal cells—the vegetative cell and the
generative cell. The pollen grain is hereafter known as the male gametophyte because
both the cells of this structure carry a single set of chromosomes. Do you recall that
gametophyte represents the haploid generation of the life cycle of a plant? The larger
cell is the vegetative cell and it forms the pollen tube. The smaller cell is known as the
generative cell and it produces two sperms by a mitotic division. The position of the
generative cell is related to that of the microspore nucleus and the orientation of the
spindle. You can see in Figure 2.1 b that before division the pollen nuclens migrates to
one side of the pollen grain and comes to rest near the wall. The division involves the
formation of an unusual spindle structure. '

Vacuoles
Plasmalemma

Intine

Vegetative Cell

Generative Cell.

Fig. 2.1: Diagrammatic representation of stages In the formation of vegetative and
generative cells; exine is not drawn. (a) Pollen soon after its relesse from the
microspore tetrad. (b) The cytoplasm of the pollen grain has become highly
vacuolated, and the nucleus has been displaced to one side. (¢} Pollen mitosis;
note the asymmetric spindle. (d) Two-celled pollen s00n after the pollen mltosis.
(¢) Generative cell wall has appeared in between the plasma membranes of the
vegetative cell and the generative cell. The important thing to note is the unequal

division and’ the curved wall. .
Generalive

Cell wall

The unequal division of the microspore is considered 10 be related to the form of the
nuclear spindle (Fig. 2.1 c). The pole next to this end of the pollen grain wall is
flattened. This is termed the generalive pole. Depending on the asymmetry of the spindle
the phragmoplast forms a more or less curved watch-glass shaped wall which separates Fig. 22: Diagram of an idealised

the generative (Fig. 2.1 d) cell from the vegetative cell. The watch-glass shape of the pollen grain at-the end

wall follows from the Sachs’ law or Errera’s law, whereby wall formation takes place in ‘of the division which

a plane which covers the minimal surface area. This wall does not fuse with the mother gives rise to the

cell wall at the end of its centrifugal growth phase; rather it forms.a lining to the generative cell. The

mother cell wall which effectively cuts off.the generative nucleus entirely (Fig. 2.2). generative cell is
enclosed within a non-

This wall is so thin that it is often not clearly visible. Continued development of the rigid wall.

generative cell consists of its gradual separation from the mother cell wall. The .
generative cell becomes detached from its position near the wall so (hat it eventually _ 31
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comes 10 lie within the pollen grain cytoplasm. At this stage it “wanders” into the
vegetative cell and assumes an oval or spindle-shape because it is surrounded by a thin
wall, delimited on either side by a plasma membrane.

Difference Belween Vegetative and Generative Cell

The cytoplasm of the vegetalive cell and the generative cell is distinctly different. The
generative cell is transparent and contains almost no -RNA. The cytoplasm of vegetative
cell is rich in RNA. The respective nuclei of these cells differ from each other
morphologically and physiologically. The nucleolus in the vegetative nucleus is usually
larger than (hat in the generative nucleus (Fig. 2.2). The vegetative nuclevs contains
lower amounts of DNA, but ils protein content increases after mitosis to about twice
that of the generative nucleus. The protein of the vegetative nucleus is more acidic in’
nature. The structure of the nucleus in vegetative cell resembles a resting nucleus and it
does not normally divide. The generative nucleus is small but contains a higher amount
of DNA, It may divide in the pollcn grain itself or in the pollen ube O form- two sperm
nuclel.

‘The pollen grains have reserve food in the t'orm of aa.rbohydrales protems and llpldS It

appears that the nature of the reserve material in’the pollen depends on the mode of
pollination. Entomophilous pollen are rich in lipids and anemophllous pollen have
mostly slarch. .

Box 2.1 : Foed value of pollen.

The food value of pollen is extraordinarily high. It contains almost every nutrient
known to man and may well conlain others that no one has as yet successfully
been able to analyse. We tend to eal it only -in very small amount in honey- but it
is available in special pollen tablets, recently introduced in the markeL One
pharmaceutical company has devised a barvesting machine to collect pollen grains
_directly from the flowers. A process removes the outer and inner walls of the

pollen as human intestine can not absorb them. This makes the remaining part of
the pollen more digestible and rich in food.value. .-

e

In most plants the division of the generative nucleus occurs in the pollen wbe. However,
there is variation in the time of division as follows:

(a) The division takes place when the pollens are still enclosed in the anther. Thus, ‘the
mature pollen grains are three-celled as in Portulaca oleracea.

(b) Tt may occur in the pollen grains after they have alighted on the stigma.

{c) Division occurs after germination of the pollen and the emergcnce of Lhe pollen
lube (this is the normal condition), or

(d) It may be postponed till the pollen wbe bas reached the embryo sac

The division proceeds normally through the formation of a mitotic spindle and an
equatorial plate (Fig. 2.3. a-c). Cell division occurs through the formation of a cell-plate,
for example in, Portalaca. The partition may also take place by furrowing as in Vinca
and Vallisneria. In Vallisneria and in some other plants either Lype of division may
occur even in the same plant,

Fig.2.3: (a-b)y Portulaca oleracea. Dlvision of the generative cell In the pollen ‘grain, a} Two-
celled pollen grain with spindle-shaped generative cell. b) Late prophase in
. generative cell. ) Metaphase. d) Pollen grain with two sperm cells.



DNA synthesis in the generative nucleus starts immediately afier pollen mitosis. This is Gametogenesls
followed by a more or less-prolonged mitosis. During this period the generative cell

undergoes elongation and acquires a worm-like appearance. In plants with binucleate

pollen grains the division of the generative cell is postponed until pollen germination.

The pollen grain passcs through a state oftempdrary dormancy “with it's nucleus in

mitotic pmphase

As a result of the division in generanve oelL two sperm cells are producad (Fig. 2.3 d).
The two sperms formed usually remain in close association.

2.2.2 Pollen Wall Structure

The pollen wall comprises two layers; the inner intine and the outer exine. The exine is
further stratified into many sublayers (See Fig. 2.4 a and b). The details of its structure
“have been understood by means of light and scanning electron mlu'osoope You will

Jeam about details later on, ,
Tectum ;
Bacula .
Lumcr)

Sexine [

Exine
_. nl, \\\\\\\\\\\\\\
Nexine n2 ' lll/‘,lll ‘
eyl g Intine [ syl
. (a) . (&)
Fig. 2.4: & and b. Pollen wall architecture and terminology of wall layers. (a) Tectate exine.
(b) Pil.nf.e exine.

The exine is composed of sporopollenin, a highly resistant material believed o be
produced by oxidative polymerisation of carotenoid pigments and carotenoid esters. The’
sculptured part of the exine is made up of radially oriented rod-like boculae. The
baculae may be enlarged above and remain free (Fig. 2.4 b) or may be fused together
forming a raised wall called tectum (Fig. 2.4 a) often disposed in a reticulate pattemn. In
tectate pollen grains nhe-lacunae open to the outside through holes tenmed micropores
{not shown_in figure).

The intine is pectocellulosic as is the primary wall of the somatic cells. Do you recall
from unil 20 of the course on Cell Biology that pectocellulose is a polysaccharride
typical of plant cells. It consists of cellulose mixed with pectose. A special feature of

. the intine is the presence of beads, ribbons or plales of enzymatic proteins, pa:ucularly
in the vicinity of germpores.

2.2.3 Development of Pollen Wall

Soon after the completion of meijosis, the blue print for the exine, the primexine, is
formed while the micrgspore tetrads are still enclosed in a wall made up of callose.
Callose is B-1, 3-glucan. There are two phases in the formation of pollen wall

(Fig. 2.5.). In the microspore tetrad stage the wall material is contributed by the
cytoplasm of the microspore alone. In the second phase after the callose is dissolved
through enzymatic degradation and the nucrospores are released, then the wall materials
are contributed by the tapetal cells. .

The first layer of pollen wall (primexine) is cellulosic. The cellulosic microfibrils of this
layer are deposited in between the convoluted plasmalemma of the microspore and the
callose wall. In the cytoplasm of the microspore, just below the plasmalemma, there
appear plates of endoplasmic reticalum (Fig. 2.6). The cellulosic primexine is
discontinuous in these regions and the gaps thus formed are future germpores, When the
cellulosic primexine has reached a cenain thickness, additional gaps appear in it. As the
tetrad grows, the columns of convoluted lamellae are deposited in these gaps at the

surface of the plasmalemma (Fig. 2.7.c,d). These columns are called probaculae. Now
33
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the spore cytoplasm synthesises the precursors of sporopellenin' which are polymerised

- and deposited on the surface of the lamellae. The columns are now called baculae. The

distribution and orientation of bacular columns vary according to the pattern of mature
exine. Later the lower ends of the bacula spread sideways into the cellulosic layer of the
primexine and coalesce (o form the foot layer (Fig.2.7. c-h). The tops of the bacular
column also spread sideways in all directions to form the tectum or else simply enlarge
to form knob like structures. To this extent the exine is formed inside the callose wall
of the tetrad. Thus, the patemn of mature exine has been laid down before the spores are
set free. ;

Tapctal Cyloplasm

Spore Cytoplasm

| Secreted -Lamellae | Sccreted Lipid
- | [sporopollenin formed at the f| sporopollenin bodies extruded
.| Pprecursors plasmalemma l precursors at the
I l in the tapetal plasmalemma
[ fluid
I I
|
Extraccllular I Extracellular
I _ [ o
) polymerization polymerization
| o give | o pive
) sporopellenin | sporopollenin
of the .. ofthe
| primexine _ /' Ubisch bodies
N -
-~
’ -~ Events in the
| Events in - thecal fluid
I_Ihe tetrads

Extracellular
polymerization
to give
mature exing

Fig. 25. Schematic representation of the formation of Ubisch bodies and exine development
in Lilium (After Heslop-Harrison, 1972),

In a microspore terad the callose is gradually digested (Fig. 2.7 h) and the individual
microspores are set free within the anther locule. In the free state, pollen graius
synthesise (he intine and the inner most layer of exine. (Fig. 2.7. b). The formation of
the intine is by the activity of the dictyosomes in much the same manner as that of the
primary wall of the somatic cells. There are two special features of intine. First, during
the early growth of intine the thickening of the innermost layer of the exine (endexine)
continues, and the lameliar materials and sporopollenin precursors which are contributed
by the spore cytoplasm must pass through the developing intine. Secondly, certain
proteinaceous plates or ribbons which are incorporated in the vicinity of the germ-pores
show enzymatic activily. Intine proteins are therefore, a product of pollen cytoplasm (the
male gametophyte), but the exine proteins are contributed by tapetal cytoplasm
(sporophylic origin).

When the tapetal cells break down the enclosed proteins and lipids are released into the
sporangial cavity as pro-iibisch bodies, and eventually become deposited in the surface
depressions of the exine (Fig. 2.8). In tectate grains the protein fraction passes through
the microspores of the tectum and accumulates in the spaces between the baculae, while
the lipids remain on the surface of the tecum.

The intine and exine proteins of a pollen grain have gametophytic and sprophytic origin, ‘

respectively.
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Fig. 2.6: (e-f) A Part of transverse section throu gh microspore of Silene penduls. Development of pollen wall,
{a~c} Stages within callose wall (cw). (d-f) Developrent after release (from Shivanna and Johri, 1989).

Plasmalemma Callose wal)
BN

S Cpopasm L

I Calloss wall

Primexine

4 Cytoplasm +S 1 i

Callose wall

Primexine

o
Probaculum.

e

Plasmalemma ~

| ()

"} (b

‘yioplesm  + "+ 1o -
Crtaplesm: 230 V) -

" Fig. 2.7: Development of pollen wall. Only a portion of the mlcrospore/pollen (including poruoes of the

. plasmalemma, cytoplesm and wall has been magnified in all the diagrams. (a) Plasmalernma is directly
surrounded by the callose wall. (b)Cellulosic primexine has appearcd between the plasmalemma and the
callose wall. (c,d) Probacula have penetrated the primexine. (¢)Bacula and tectum are formed. (L,g) The
callose wall has disuppeared and cktexine is well-developed. (h} The wall is fully developed.
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The pollenkilt substanges of
some plants cause jrritation in
lung and wind pipe and other
- allergic reactions in scnsmve
PETSOns.

Pollenldtt The hpo:dal layer found on the outside of the mature pollen grains of many
insect pollinated species is known as the pollenkitt. In addition to lipids it is made up of
flavonoids, carotenoids and degeneration products of tapetal proteins. The carotenoids

- are responsible for its characteristic yellow or orange colour. The function of pollenkiit

is not clear. It is believed to act as an insect attractant, belp in pollen dispersal and in
protecting against the damaging effects of Uv rays. Deposition of flavonoids sppears
important for the normal- functioning of pollen, In maize it has been shown that the

* pollen grains that lack flavonoids are incapable of developing tubes that are effective in

fertilisation. Lipoids also help in checking water loss after’ anther dehiscence and
dlscharge of pollen

Plasmalemma

r- Endoplasmic

reticulum

Callose’
Tectum

Foot-layer
Baculum
> " Ubisch
Bodies

Primexine

Pro - Ubisch bodies

Generative - nucleps

Fig. 2.8: (a-c)} Formation of Ubbsch bodies and de\rtlc;pment of pollen wall.

Bcfore we go on o another interesting topic—pollen variants, let us take stock of what
you have learnt i in this section. :

5AQ1

I} Classify the following statements as true or false. Indicate your chmse by vmtmg
T or F in the boxes provided on the right hand side,

©} The pollen gram becomes male gametophyte when it d.mdes to form
a generative cell and a vegelative cell, . . L 1.

if) The exine is composed of sporopollenin, whereas, the munc ismade . .
-of pectocellulose. : { ]

iii} The blue print for exine and priﬁ‘iexinc is ]aid down while the .
microspore tetrads are still enclosed in l.he callose wall. [ ]

iv) The columns of convoluted lamellae ‘which are dcposned in the gaps
_of primexine are known as probaculae. [ 1



I) Match the statements given in-columns on the left side with those given in columns'

A) The intine proteins of pollen grains 1) -

on the right side.

are said to have gametophytic

are said to have a sporophyuc
ongl.n because:

they come from tapetal cells, which,
like all other sporophytic cells have

origin because a diploid number of chromosomes.
B) The exine is composed of 2) is a resistant material. Tts chemical
sporopollenin, which formula is -1, 3-glucan.
_C)_ The- exine proteins of pollen grains . 3)  is a highly resistant material

produced by oxidative polymensaﬂon ,

of carotenoid pigmenis and

e carol.enmd esters.

D) Microspore tetrads before being 4)  they are contnbutcd by the
released into anther locule ‘are * microspore cytoplasm. The
enclosed in callose, which microspore has a haploid number

' ' of chromosomes. :

" III} Fill in the blanks with appropriate words: _
i} The position of generative cell in a polien is usuﬂly fixed for & genus.and it is
often near the inner wall, and towards the ....................; of the tetrad,

- u) The unequal division of the nucrospores is because of the asymmetric form of
P : L JF: (711 8 1 phragmoplast forms a more or Iess curved
watch glass-like structure

“H\ . .
iii) As a result of mitosis in generative cell of pollen, two SEUUTUUUUUURRRTURSY ! 2

produced which usvally remain in close association, forrmng a pair, fur a,
considerable period of time. !

iv) The distribution and onenlahon of bacular columns varies accordmg to the '
pattemn of mature ............ P . ST ;

2.2.4 Pollen Vnnants

So far you havc studied lhc seqitence of events in the normal course of development of - .

male gametophyte. Let us discuss soine instances in which male gamclophyte ends up
‘forming variant structures, such as: abortive pollen; sterile pollen; pollinia and -massulae;

only. K
Devdopment of Pollen in Cypemceae. ln' a.ll members of the Cyberaccac out of Ihe
four miclei formed after meiosis, only .one functions, the others degenerate. The .
functignal nucleus remains in the centre and the three non-functional nuclei are pushed.,

to a dide. In Cypenls Kyllinga, and Scirpus the non- -functional nuclei are. .Separated from-

the functional nucleus by a wall (F:g 2.9 ab). Walls are also laid between the
nonfunctional nuclei. The functional nucleus divides to form a vegetative cell and a.

Funciional
microspore

Degenerated
mlcrospores

® - - T ey I_ : )]

Flg. 2.9: (a~c) Pollen devdopment In Cyperus. (a) The non-mnctlonn.l micrdspores have been )

‘cutol!ononeside.'l‘hefuncﬂonslsporelslargenndmnulnsa.pmﬁﬂnenl o
., nucleus, (b} Two of the non-functional spore. nuclel have d.lvided (c) The non-
l'uncﬂonal m.lcmspom have dqenenled. ' ;

pollen embryo sacs; and sporophytes In this unit we shall dmuss Lhe first three aspecls
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Some plants invariably
produce 2-3 types of
pollens, which are
morphologically different
from cach other, It appears
that they distribute functions
namely, attracting the
pollinator, providing food
for pollinator and carrying
out fertilisation of the
jemale gamete. Production
of different forms of pollen
to perform different

. functions is known as
pollen polymorphism,
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generative cell. The non-fenctional nuclei may also begin to divide but the divisions are
abortive, and they eventually degenerate (Fig. 2.9c). Thus in a tetrad, only one pollen
grain is functional. This feature is similar to the behaviour of megaspores in the
development of monosporic embryo sac as you will stdy in the next section.

Pollen Sterility: Among several causes of male sterility we will discuss only the one in
which non-viable pollen grains are produced due to malfunctioning of the spore mother
cells.

Sterility in angiosperms may arise due to several causes. Either the anther may not be
formed, or anthers are formed but meiosis may be abnormal.

A, In.situations where anthers are not formed, they may take abortive forms and appear
like petals or sepals. These conditions are referred to as petaloidy and phyiledy
1especlively, There are even cases where anther formalion may bf:'supprcssed
altogether. These cases of pollen sterility have premeiotic detérmination,

B. There are other exaﬁlples in which anthers are produced but meicsis is abnormal

resulting in the formation of non-viable pollen. We shall come back to this aspect a
little later and study it in detail.

C. "Sometimes normal pollen grains are formed but they are not released. This results
from failure of anther dehlscenoe Such a situation is also descnhed by the lerm
contabiscent anther.

D. Sometimes meiosis is normal but abortion can take place due to prematre |
dissolution of callose. This can occur at any stage during microsporogenesis.

Let us come back to cause B, i.e., aberrant meiosis. Male sterility in which nonviable
pollen are produced due to malfunctioning of meiocytes is termed gametophyte-
determined sterility (a). Alternatively, non-functional pollen may be produced because of
some causes/factors emnating from sporophytic tissue. T];us is termed sporophyte-
determined sterility (b).

() Gametophyte-determined sterility is usually due to the following two causes:

() Meiotic irregularities. In polyploid plants meiocytes divide resulting in unequal
distribution of chromosomes in the daughter cells, As a result, meiosis produces
genomically imbalanced spores. Another example is of plants heterozygous for a
gene or plants having a minor deficiency which is lethal in the haplophase.
They will produce nonviable pollen.

(ii) abberrant gametophyte is a condition exhibited in some pl;mts. which produce
norma! viable pollen but gametophyte development is incomplete,

(b) Sporophyte-determined sterility resulting in the formation of non-viable spores may
be due to several factors.

We are here concemed with only the second cause of male sterility in which uon-viable
pollen grains are produced due to malfunctioning of spore mother cells or gamelophyle,
or il may be due to some sporophytic factor. In the former case (type B-a) an anther
may contdin a mixture of fertile and sterile pollen grains whereas in the latter case (type
B-b} the entire population of pollen grains within an anther would be sterile.

Gametophyte-determined pollen sterility is usually due to meiotic pollinator and carrying
out abnormalities, such as meiosis in polyploids which often results in unequat
distribution of chromosomes in the daughter cells, Plants heterozygous for a gene or
minor deficiency which is lethal in the haplophase will also produce non-viable pollen.

Sporophyte-determined potlen sterility is due to genic, cytoplasmic, or environmental
factors. It may become operative at any stage of anther development. Genic and
cytoplasmic pollen sterility is widespread among angiosperms. The latter is of

considerable importance in plant breeding. Genic pollen sterility is due (o recessive
- genes. Maize shows genic as well as cytoplasmic pollen sterility.

Certain plant growth regulators such as auxins, maleic hydrazide, mendok (sodium salt
of 2,3-dichloro isobutyric acid) and dalapon (2, 2-dischloropropionic acid), induce male

' sterility.




In most cases the pollen sterility which manifests itself through the malfunctioning of

the tapetum. Some of these irregularities are:

1. Inhibition of normal RNA synthesis and increase in DNA content, .

2. Hypertrophy of the tapetal cells. They enlarge acquiring supranormal cytoplasmic
RNA and become mulunuc[eale The cells invade the anther locule, and crush the
meiocytes or spores,

3 Premalure_degcnerauon of the tapetum causing disruption in the nutrition of
developing spores.

Pollinla and Massulae; In most cases (he pollen grains of each tetrad become separated
from one another and they lie freely in the pollen sac. In some plants, mostly members
of Ericaceae, the pollen grains remain in tetrads even when mature. In ceriain plants,
such as Acacia, (he tetrads are stuck together as groups, which may contain as many as
64 pollen grains. In some other plants, such as members of the Asclepiadaceae, all the

" pollen grains of a sac are united in a single compact mass such a mass is termed a
pailinlum. In some members of the family Orchidaceae the anthers produce groups of
pollen grains which are loosely jointed among themselves, usually by means of viscin
threads. These groups are called as massulae.

This completes our discussion on development of male gametophyte. Let us understand
the development of the female gametophyte. But before we start, let us tumn 1o the
subsection 2.2.5 and wy the following SAQ.

SAQ 2
I. Fill in (he blanks using appropriate words.
i) In members of the family ......... eeeaneaea , out of the fou