UNIT VI
REPRODUCTION

Chapter 1 Biclogy in essence & the slory of ife on earth, Whils Individual
Sexual Reproductionin orgarisms die without foil, spacies confinue to five thiough
flowerting Flarits milliors of yeors uriess frreatened by natural orarthropogienic

axiinction. Repreduction becomes a vilal procsss without
Chapler 2 which species cannat survive for long. Eachiinciividual lsaves
Human Reproduction its progeay by asexua] or sexud means. Sexual mode of

reprocucton enables creafion of new varants, so that survival
Chapter 3 udvartage Is enbanced. This unlt explaing ha details of
Reproductive Heolth repeoticiive proceses i flolering plants dnd humans as ey

fo iei:ﬂa representaiive exomples. A related perspective on
human reproductive health and how repmductive il haalth
can be avoided i alse presented to completa our

undlssstianding of blology of reproduction.
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Bom in Novemiber 1904 in Jaipur (Rojastnon) Panchanan Mabsshwari
rose 1o ecome one of the most distingUished botaniss not only of India
LUt of the enfire wolkd, He movad fo Allchabad for higher aducation
where he obfained his B.5c. Bunng his coflege days, he was Inspired
by Dr'w. Dudgson, an Amescon missionary feacher, 1o develop inferest
it Botany and sspecially morphology. His teacher drice expressed thot
it hls student progresses anead of hirm, ihwil give him a gredt safisfoction.

Thesa words encouragad Panchanan fo enguire what he Could do for
his teacnsr In refum:

He wotked on eﬂﬂnﬂbﬂtﬂuﬁp&dsdﬂdpﬁﬁkﬁeﬂm use of
embiyological charactassin faonorly. He esiablishied fne Depariment
of Batany, University of Delhl,as an impanant cenfra of resaarch in
embyoiogy and fissue cufiure. He alsoemphasisea e nesd for inimation
of work on artificiobiculfura of Immature embryos. These days, fissue:
Bane: M cuiture has becoma a londmark In clence, His wotk on 1ast Tube

ANCHAANMINESWAR  rartiieiion and mfia-ovarian pallifiaiion won worddwide acciaim.
(Fta-1953) He was honoured with fellowship of Royal Sacisty of Landan (FRS),
incllan National Scienca Academy and several other Insfitutions of
excelisnce. He-encouraged general sducation and made asignificart
canibution to schocl education by his leadeship In bringing out e
vty fst textbooks of Hiolegy Tor Higher Secondary Schools publishag
Dy NCERT in/ 1964,
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CHAPTER 1

SEXUAL REPRODUCTION IN
FLOWERING PLANTS

1.3
l#ﬂl

Floter - A Fasvinating
Oman of Amjlospenms

Pre fertitisation : Siructures
anel Everiis

Donphiter Ferilllsaiion
Pos{-fertilisation: Studctires
mnid Events

Apornixis anid
Palyernbryony

Are we nol lucky thal plants reproduce sexudlly? The
miviiladds of Howers thal we enjoy gazing al. the scenls and
the perfumes thal we swoon over, the rich colours that
attraci us, are all there as an atd to sexual reproduction.
Flowers do not extst only [or us Lo be used [or our own
selfishness. All lowering plants show sexual ieproduction.
A lnok sl the diversity of structures of the inflorescences,
flowers and ferml parls. shows ap amazing range of
adaplations lo ensure formadon of the end products of
sexual reproduction, the foulls and seeds. In Uis chapler,
let us mmndersiand the morphology, struciuore and the
processes of sexpal reproduction in lowering planis
[anglesperms).

1.1 Frower - A Fascinarmic Orcan oF
ANCGIOSPETMS

Human betngs huve had an intmate relattonship with
flowers sinee tme Immemortal. Flowers are objects of
aesthetic, ormamental, soctal, religous and calbural value
= they have always been uscd as symbols for conveying
imporianl huwman feelings such as love, affection,
happiness, griel, mourning, ele. st al least five flowers
of ornamental value that are commonly cullivaled at
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RICLOSY

- Filiisnent

Figure 1.1 A dingrmmmutic vepresentntion of LS. of o Oowor

homes and in gardens, Find oul the names of fie more flowers thal are
wser! 1) socind and cudivral celebrations i your family. Hove you heard
of floricudiime - what does it refer to?

To a hiologist. flowers aremorphological and embryotogical marvels
and the siles ol sexual reproduction. In earlier classes, you hiave read Lhe
various parts of a Jower. Flgure |1 will help you recall the paris of a
typical flower. Can you name the two paris ina flower tn which the two
most important unlls of sexual reproduction develop?

1.2 Pre-FERTILISATION: STRUCTURES AND EVENTS

Much before the actual lower s seen on a pland, the dectston that the plent
ts going to (lower has taken place. Several hormonal and simiciural changes
are Inliaied which lead to the dilfereittaiion and etlher deselopmeril of
the floral primardinim. Infloreseences are ormed whilch bear the floral buds
and then the flowers. In the fower the male and female reproductive
sinzctures, the androectiim and the gynoectum differentiale and develop.
You would recollect that the androecium consists of a whorl of siamens
represeniing the male repioductive argan and the genoectum represents
the female reproductive orzan.
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SEXUAL REPRODUCTION IN OWERNG PLANTS

1.2.1 Stamen, Microsporangium and Pollen Grain

Figure 1.2a shows the {wo paris of a hypical stamen — the long nned slender
stalk called the filament, and Lhe terminal generally bilobed structure
called the anther, The proxdmel end ol the Rlament
ts attached (o the thalamus or the pelal of the lower.
The mamber and length of stamens are vartable n
flowers of different spectes.  If you were Lo coliect a
simmen each from ten Nowers (each rom different
speries) and amange them on a shide, vou would
be ahle to appreciate the large vanation i size seen
im pature. Carehil pbservatlon of each slamen
under a dissecting microscope ardd making neat
diagrams would clucidate the range inshape and
altachmen! of anthers m different Nowers,

A typlcal anglosperm anther is bilobed with
cach lobe having two theca. 1.e.. they are dithecous.
(Fgure 1.2h). Ollen a longitadingl groove rons
lengthwise separating the theca. Lel us
understand the vanos types of tssues and thetr
cngantsation in the ransyerse section of ananiher
(Frgwre 1.3a). The biobed nature of an anther 1s
very distiricl in the tmnsverse section of Lthe anther,
Thi= anther 1s & four-stided (etrmgonal) struclure
conststing of four mlcrosporangia located al the
corners, two in each lobe.

The microsporangla develop [urther and j ()
become pollen sacs. ‘They extend longlludinally :
all throush the length of an anther and are packed Flgure 1.2 (a)A fypicil stimen;
with polien gratns. ' () Hhrco-diniensiomal cul seciion
Structure of microsporangium: In 2 transverse of an anther
section, a ypical microsporangiim appears near
clrcular inoutline. It is generally surrounded by lourwall layers [Flgure
1. 3b}-he eptdermits. endothectom ., middle layers and the tapetom. The
outer three wall layers performs the funciien of prolection and help in
dehitscence of apther to release the pollen. The tinnermost wall ayer 1s
the tapetum. It nourishes the developing pollen gratns. Celis of the
lapetom possess dense cyloplasm and generally have more than one
nucleus, Can gou think of hote tapetal cells could become bi-nuecleate?

When the anther Is young, a group of compactly amanged homogenous _
cells called the sporogenous tissue pccuptes the centre of each -
microsporangium.

l
s TR LAY E — I
{stalka
)

Microsporogenesis : As the anther develops, the cells of the sporogencus.
issue uniergo meloilo divisions to form microspore tetrads. What woudd
be the ploddy of the ceils of the tetrad?
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Figure 1.3 (o) Transverse section of a yetng anther; (b) Enlarged view of ane microsporingium
showing wall layers: {¢) A malire dehised anther

As each cell of the sporogenous tssue 15 capahle of gvine rise to a
mitcrospare letrad. Each one s a potential pollen or mictospore mother
coll. The process of formation of micrespores [ron a pollen mothereell (PMC)
through mejosts is called mierosporogenesis. The microspinres, as (hey
are formed, are amanged in a cluster of four cells—the microspore tetrad
(Fymire 1.3a). As the smthers mature and dehydrate, the microspores
dissoriate from each other and develop inio peollen grains (Figure 1.3 b).

Inside each micresporangium several Lhousanids of mictospores or pollet
gratns are formed that are released with the dehiscence of anther
————— (Fugure 1.3¢),

Pallen grain: The pollen grains represent the male gametophyies, 1fyou
touch the opened anthers ol Hibiscus or any other Dower vou would find

deposition of yellowish powdery pollen grains on your fingers. Sprinkie
these grains on a drop ol waler faken on a glass slide and observe under
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SEXUAL REPRODUCTION IN FLOWEINNG PLAMES

Flgure 1.4 Seanning electron microgmpls ol o lew pollén’ grains

a microscope. You will really be amazed al the vanety ol arclilteciure —

stzes, shapes, colours, designs - seen on e pollen grains
lfrom different species (Figure 1.4

Pollen gralns are generally spherical meastiring abou|
2b-50 micromelers n diameler. It has a prominent two-layvered
wall. The hand ouler layer callsl Lhe exine 15 made up of
sparopolientn winch s ane of the most resistant onganle material
knowii 1l can withstand high temperaiures and sivong aclds
and alkall. No émeyme (hal degrades sporopollenlii 15 so [ar
knewn, Pollen gratn exine has promitoend sperturs called germ
pores where spormpolienin is absent. Pollen grains are well-
preserved as {osslis because ol the presence of sporopotlenin.
The extne exhibits a [ascinatinge armay of paiterns and destens.
Why do you think the exne shouwld be hard? What (s the
Junctton of germ pore? The immer wall of the pollen gramn is
called the Intine. [t 153 tun and continuons layver made up ol
cellnlose and peclin, The cytoplasm of pollen graln s
surmounded by a plasma membrmne. When the pollen grain is
mature | centatns (wo cells. the vegetative cell and generative
cell (Fleure 1.6}, The vegelative cell s bigger. lias abundant
food reserve and a large trregularly shaped nticleus. The
generative eell |5 small and Noals n the cytoplasm of 1he
vegetative cell. It is spindle shaped with dense cytoplasm-and
a nuclens, In over 60 per cenl ol anglosperis, pollen gralns
are shed at s 2-oelleid stage. [n the remalning specles, the
peneralive ool divides milofically to give rise (o the two male
gametes helore pollen gratns are shed {3-celled stage).

Asyiimetre-
spinudle

Flgure 1.5 (o) Enlirged vlew of
o pollim grain letind: [b) stopes
of # microspore mnturinmg fofo &
pollien. grain

Pollen grains of many species cause severe allergies and hronchial _

afflicllons in some people ofien leading to chronle respiratory
disordlers—asthma, bronchitis, ete. It may be mentioned that Parthentuom
or carrol grass (hat came mio [ridia as a contaninant with imported wheal,
has become ibigittons n occurmence and causes pollen alleruy
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Pallen gralns are rich in nutrienis. | has become a fashion m recent
vears (o 1se polien tableis as food supplements. In wesiern countries, a
large number of pollen products i the form of tablets and syrups are
avallable n the markel. Pollen consumption has been claimed Lo nerease
the performance of athletes and race horses [Flpure 1.6).
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Figure 1.8 hllm producis

Whien ande they are shed, pollen grains Have Lo land on the sigma
before they lose viability I they haveto bring about fertilisation. How long
do you think the pallen gratns retatn viability? The pertod for which pollen
grains remain viable is highly varable and to some exient depenids on the
prevalltng lemperature and Tumitdity. In some cereals such as pee and
wheat, pollen grains lnse viability within 30 minuies of thelr release, and
in some members of Rosaceae, Leguminosear and Solanaceae, they
mainiain viability for months. You may have heard of storing semen/
sperms ol many artmals including humans for arttficial msemmation. It
Is possible (o slore pollen gratns of 3 large number af specles [or vears in
tigquid nitrogen (- 196°C). Such stored pollen can be used as pollen banks,
stmilar (o seed banks. tn crop breeding programmes.

1.2.2 The Pistll, Megasporangium [ovule) and Embryo sac

The gymoectum epresants the [emale reproductive part of the ower. The
oviecim may consisl of a single plslil (monocarpellary) or may have
more than one pistl imulticarpellary). When there are more than one,
the pisitls may be fused (ogether (syncarpous) (Figure 1.75) or may be
[ree {apocarpous) [Fleure 1.7¢). Each pistil has (hree parts (Flsare 1.7a),
the stigma, style and ovary. The stigma serves as a landing platform
for pullen gratns. The style Is the elongaled slender pari beneath the
stigmna. The basal bulged parl of the pistilis the ovary. Instde the ovary
15 the ovarian cavity (loculs). The placentn s located inside the svarian
cavity. Recall the defintiion and tyvpeés of placentation that you studied th
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Figure 1.7 [u] A dissected flower of Fibisons showing pistil [other fom! parts ove been romoved);
) Mutticarpeliury, syneampons pistl of Papaver; (of A multicarpellary. apocarpous
gyrwecium of Michefia: () A disgrammatic view ol 4 lypiesl smatropaus svale

Class X1, Ansing from the placenta are the megasporangia, commaonly
called ovules. The mumbir of aviales tn an ovary may be one (wheat,
Ppadkdy, mangn) (o many (papaya. water melon. omhids),

The Megasporangium (Owvule) : Let us amiliarise ourselves with {he
structure of a ypical angiesperm ovile (Figure 1.7d), The ovule is s small
struciure attached to the placenta by means of a stalk called funicle.
The body ol the ovule fuses with fuiicle in the reglon called hilum., This,
hlum represents the juncion between ovile and funicle, Each ovuale has
ane or two prolective envidopes called Integuments. Integuments encirole
the nucellus except al the Upwhere a small opening called the micropyle
Is organised. Opposite the micropvlar end. 1s the chalaza, representing
the basal part of the ovuile,

Enclosed within the intemamments ts 2 mass of cells called the nucellus.
Cells of the nucelhrs have abundsnt reserve bod matertals, Located m ihe
mucellus is ihe embryo sac or female gametophyte. An ovile generally has
a sinule emibiryn sae firmed [rom a megaspore.

-Megasporogenesis : The process of formation of megaspores from the
megaspore mother eell |s called megasporogenssis. Uhviles gencrally
differentiate a single megispore mother cell (MMC) in (e mieropylar region
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Flgure 1.8 (a) Parts of the ivule showing a lange megaspore miother eell. a dyad anid o tetrad of
megeeperress ()2, 4, and B nucleate stoges of embiryo e and 4 modure embeyn sac; fol A
d:'.tﬂr;umutln‘an':mmuml ol thie mutury embryvo sac,

of the nucelfus, [b is 3 large cell contatming dense cytoplasm and a
promineni nucleus. The MMC undergoes melotic diviston. What ts the
Imiporiance of the MMC undergoing metosis? Melosis resulls in the

productton of four megaspores (Figure 1,8a).
Female gametophyte : In a majonity of Jowermng planis, one of the

megaspares & functional while the other three degenerale. Only the
functional megaspore develops mlo the female gametophyte (embryo
sac). Tids metfuxi nfanhr:.ﬁ s formadion fom a&l:@l: miegaspore s termied
monosporic development. What will be the plotdy of the eells of the nucelies,
MMC. the lunciional megaspore and Jemale gamelophyte?
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Lt us study about the formatton of the embryo sac i detal
[Fleure 1.8b). The nucleus of the functonal megaspore divides mitotically
lo form two miclel which move o the opposile poles, forming the 2-
nucleate embryo sac. Two more sequential mitotle nuclear divisions
result i the lormation of the 4-nucleate and later tic 8-nucleate slages
of the embryo sac. [ 1s of mileresi Lo nole thal these mitolc divisions are
strictly free muclear, Lhat s, nuclear divistons are not followed immedialely
by cell wall lormation. Aller the B nucleale stage. cell walls are laid down
leading (o Lhe organisation of the typleal female gametophyte
or embryo sac. Ubserve the disinbution of cells inside (he embryo sac
(Fipure 1 Bb, ¢}. Six ol the dehil nuele sre sumonanded by cell walls and
organised inlo cells; the rematning two nuclet, called polar nucle ane
stiuated below the egg apparitus in Uie large central eell.

There 1s-a charadtertstic distribution of the cells within the embiryo
sac. Three cells are grovuped together at the micropylar end and constitute
ihe egg apparatus. The egg apparntus, n tum. consisis of two synergids
ind one egg cell. The synerglds have speclal cellular thickentngs al the
micropylar up catled filtform apparatas, which play an imponant mletn
midmg the pollen tubes into the synergld. Three cells are al the chialazal
end and nre ealled the antipodals. The large central cell, as mentioned
earller, has two polar nuchel. Thus., & typical anglesperm emibinyo sac, al
maturity, though 8-nucieate |s 7-celled.

1.2.3 Polllnation

in the preceding sections you have learnt that the male and female gametes
in flowering plants are produced (nh the pollen grain and embryo sac,
respecitvely. As both types of gametes are non-motile, they have o be
broihit fogether for fertilisation (o occnr. How is this achieved?
Pollination is the mechariism to achieve Lhis objéciive. Translier
of pollen grains (shed from the anther) o the sUgma of a pisil 1s
jermed pollination Flowering planis ave evolved an amaring array
ol adaptations (o aclileve polination. They make nse of external
agents to achleve pollinatlon, Can you st the possible external
agenfs?
Kinds of Pollination : Depending on the source of pollen, pollination
can be divided Into three types.

(i} Anfogamy :in this type, poliination is achieved within the same
Nower. Trans{er of pollen gratns from the anther to the sflgma of Lhe
same lower (Flgure 1.9a). In a nermal Oower which opens and
exposes the anthers and the stigma. compleie autogamy is rather
rare. Aulogamy in sich lowers equlies synchirtony in pollen release
anid sttema yeceptivity and also. the anthers and the sttema should
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lie close to each other so that self-pollination
can occuar. Some plants such as Viola
fcommon pansy), Oxalls, and Commeling
produce Iwo fiypes of Howers —
chasmogamous {lowers which are stinllar Lo
flowers of other spectes with exposed anthers
and stlema, anid cleistogamous flowers which
do nol openal all (Flgare 1.9¢). In siich Aowers,
the anttrers and stlgma e close (o each other.
When anthers dehisce m the Nower buds,
pollen grains come tn contacl with the stgma
i effect pollination. Thus, clelstogamous
Nowers are tvartably aulegamons as here is
no chance of cross-pollen landing on the
stigma, Cleisiogamous flowers produce
assured seed-sel even in Lhe absence ol
pollipators, Do you think that clelstegamy 1s
aidvantageous or disadvantageous to the
plant? Why?

() Gettonogamy- Transfer of pollen gratns from
~ the anther (o the stigms of another lower of

 F— —}":-.. - o
L % f‘*:' <0 the same plant. Although gettonogamy 1s
= }r "-4:1 funcuonally cross-polliriation {mvolving a
{'-E.,. Al - pollinating agent, genetically 1L 1s stmtlar to
E Tj g™ ¥ t'"“'H“E::*”“"“‘ anlpgamy since the pellen grains come from
[ ht thie same plant.
f"x a‘; 3 i) Xenogamy - Tratsler ol pollen grajis ffom
M anther (o the siigma of a different plani (Figure
- 1 '; f‘:" :4h). This is the only type of poltination which
- ; Y ’r 2 % l durtng polltfiation brirgs genetically different
"‘l J‘l ‘éé -‘ﬁ types af pollen gratns to the sigma.
P
P 'L_-.u__ : Agents of Polllnation : Planis use two ablotic fwind
F .;' P %ﬁx‘ Chotitopmemis and waler) and one biote lantmals) agents to achiteve
j-._?# oy ﬁ:’%,gu x et pallination, Majority of plants use bioilc agents for
. b potlination. Only a small proporiton of plants use

m fc) abiptic agenls. Pollen srains coming in contact with
the stigma 15 a chance factor in both wing and waler

pallination, To campensate for this uncetrtainiles and

Figure 1.9 (4) Scif pollifiated flowers: associated loss of pollen grains, the flowers produce

(b Cross: pollinsiied wers: encrmicus amount of pollen when conipared o the
{e) Cloistogamous flowers

mumber of ovules avatlable for polltnation.
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Polllmation by wind 1s more common
amorgst abiotic pollinations. Wind pollination
also requitres thal Lhe pallen gratns are lisht
and non-sticky so Lhat Lhey can be
transported in wind currents, Thev oflten
possess well-exposer] stamens (so that the
podlens ane easily dispersed tnto wind currents,
Figure 1.10) and large often-leathery stigma
to easily trap air-borne polien grains. Wind-
pollinated Mowers often have a single ovule In
each ovary and numerous Nowers packe] into
i inflorescence; a famillar example s the corm
cob —the fassels you see are nothing bul the
stigiia and siyle which wave th (he wind to
trap pollen grains. Wind-pollination is quile

CYTTMO 1N frasyes,
Pollination by water 1s quilte rare in

Nowertng plants and s Lmiled Lo aboul 30
genera, mostly monocotyledons. As against
this, you would recall ihal waler s & regular
minde of transport [or the male gametes among
the lower planl groups such as algae,
hirvophytes and pleridophyies. 1 is helleved,
particularly for some hryophytes and Figure 1.10 A wind-pollinated plant shmving
pleridophivies, that thetr disiribution 1s imited compaict inflovecsnee. s well:
because of the need for waler for the transport el sites
of male gametes and ferttlisation. Some
examples of waier pollinated plants are Vallisnerio and Hydrilla which
grow L [resh waler and ssveral niarine sea-prasses sucli as Aosiora. Nol
all aquatic plants nse waler for pollinalion. In a majorty of agquatic plants
such as water hyactnth and water ltly. the flowers emerge above the leved
ol water and are pollinated by insects or wind as in most of the land
plants. In Vallisneria, the female fower reach the surface of waler by Lthe
long stalk and the male flowers or pollen grains are released on to the
surface of waler. They are carnied passively by waler currents (Figure
I.11a); some of them eventually reach the female Qowers and the stigma.
In another gmoup of water pollinated planis such as seagrasses, [Emale
lowers remain submerged m waler amd the pollen grans are released
inside the water. Pollen grains in many such species are long, ribbon ke
and they are carried passively mside Lhe water; some of them reach the
styma and achileve pollination. In maost of the waler-pollinaled species,
polien sratns are prolected from wetting by a mucllsginous covering

Bath wind and walter pollinated lowers are not very colourlul and do
nol produce nectar. What wewld be the reasdn for this?
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Majority of lowering plants use
a mnge of animals as pollinating
agenis. Bees., butterflies, flles.
beetles, wasps, ants, moths, birds
(suribireds and hnammng Beds) and
bals are the common pollinsiing
agents. (Flmoe 1.11h). Among the
anlmals, msects, partienlarly bees
are the datninant biote polltnating
agenls. Even larger amimals such
as some primates (lemirs), arboreal
(trec-dwelllng) rodetils. or &ven
repiiles (gecko Uzand And garden
Nzamd] have also bheen eporied as
Pl ators (1 Some speeies

Olfen flowers of animal-
pollinatéd planis are specillcally
adapled for a particular specles of
antmal

Majorily of insect-pollinated
Howers are laree; colourl. ragrant
and rich in nectar When e lowers
are small, a number ol {lowers amne
clustered tnio an inflorescence (o
make them conspicuons. Antmals
are-allracted Lo lowers by colour
and/or fragrance. The [lowers
pollinated hy Mles and heetles
secTrie foul cdours (o alimact these
animals. To susian animal visits,
the Nowers hiave Lo provide rewards
o the anlmals. Nectar and pollen
grains are the vsual Noral rewsards
For harvesting the reward{s| from
Lhe Niwer Lthe antmal visilor comies
in contact with the anthers and the
stigma. The body of the andmal gels
a roating of polien: grains, which are

14 generally sticky m ammal pollinated (fowers. When (the antmal carrying

pollen on s body comes tn contact with e stigima. Il brings ahoul

pallinailon

In some spectes flord rewards are tn providing safe places (o 1ay egps;
an example is thai of the lallest flower of Amorphophalius (the flower
itsell 1s aboul G feel n Iwdelit). A stmitlar relatlonshilp extsis helween a
specis ol molh and the plant Yooca where bolli spectes — moih and the
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planl — cannol complele thetr Ufe cycles without each other, The moth
deposits tis eges n the Jocule of the ovary and Lhe ower. in tum, gets
pollinated by the moth. The larvae of the moth come out of the cggs as
theseeds stari deswloplng.

Whu dan'l you observe some flowers of the following plants (or any
others avallable o you): Crcumber, Mango, Peepal, Coriander, Papayjo.
Omiton, Lobia, Cotton, Tobacco, Rose. Lemon, Bucalyptus, Banana? Ty to
Jind oul which animals visit them and whether they could be
politrsziors. You'll have (o padienily obsers the flowers oper o fein days
and at different times of the dey.  You could also tny (o see whother there
ts amy corredathon i the chamcteristics of a fiower o the antmal that
vistis il Carefully observe | amy of the visitors come In contaci with the
arithers and the stigma as only such visitors can bring abotit pollination.
Many msects may consume pollen or the néctar without bringing about
pollinatiore. Such floral vistlors are referred o as pollen/neciar robbers,
You mcny or ity ol be able (o tdentifis the pollinators, But yote will surely
eroy woir efforts!

Outbreeding Devices : Majority of lowertng plants produce hermaphwodite
llowers and pollen grains are likely Lo come tn contiact with the stlgma ol
ihe same flower. Continued self-pollination resull in tnbreeding depresaton.
Flowering: plants have developed many devices (o discourage self-
pellination and (o encourage cross-pollination. In some spectes, polien
rolease and sugma receplvily are not synichronised. Either the pollen 1s
released before the stloma becomes receplive or stisma becomes recepiive
much before the release of pollen. n soe other speaies, the anther and
stigma are placed at different posttions so that the pollen cannot come n
contact with the sticma of (he same flower, Bpth these devices prevent
autogamy. The third device to prevent inbreeding is self-tncompatibility.
This is a genetle mechantsm and prevents self-pollen [from e samie Nower
ar ather Qowers of the same plant) from fertifistng the ovales by mhibiting
pollen germination or pollen Wibe growth I the pistl. Another device Lo
prevent self-pollination is the production of unisexual flowers. If both male
and female flowers are present on the same plant such as casior and matze
[monoectons), 1L prevenls antogmy bul not geilonogamy. [n several spectes
stich as papava, male and female Nowers are present on different plants,
thal 1s each plant s elther male or female (dioecy). This condition prevenits
both autngamy and gedlonogny.

Pollen-pistil Interaction ; Polllmallon does nol guaraniee the transfer
aof the right type of pollen [compatible pallen of the same species as the
stismal, Olien, polien of the wrong type, elther from other spevies or from
the same plant {if it is self-tncompatible), also land on the stigma. The
pistil has the ability to recognise the polien, whethier itisof the right tvpe
(compatibie) or of the wrong type (Incompatible). IT it is of the rght Lype,
the pisit! accepts the pollen and promoles posi-pollinalion events thal
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) Mollen provdos geminoting on the stigmm: ) Pollen tobes growing throogh the
styles fol L5 of pistll showing path of pollen tube growih; (di enlarged view of an
vt apparmtns showhig! enfry of pollen tube mto o synemeds (e} Dhscharge of mele
mmelis mig o synergld and the puwements of the sperms, one ol the e and
Lhe oflics ntb' the cenfral ccll

leads to ferttlisation. If the pollen 1sof the wrong type. the pistil rejects the
pollen by preventing pollen geanination on the siigma or the pollen tube
growth in he style. The ability of he pistil Lo recognise the pollen followed
by Is acceplance or rejection s the resull of @ conUnuonus dialogue
hetween pollen grain and (he pisti. This dialopie is mediaied by chemdoal
componenis of the poilen interacting with those of the pistil if isonly in
recenl years Lhdl bolanistis liave besn able o 1denlily some of the pollen
and pistll components and the interactions leading (o the recognition,
{ollowed by aceeplance or rejeciion.

As mentioned earlier, following compatible pollination. the pollen gratn
germiinates on the stigma Wb produce: a pollen tube through one of the
germ pores (Flgure 1.123), The conlents of (he pollen gratn mawe inlo the
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pollen tube. Pollen tube grows through the tssues of the sttame and
stvle and reaches the ovary (Fleure 1.12b. ¢). You would recall thai tn
same planis, pollen gratns are shed al two-celled condition fa vegelattve
cell and @ generative cell), In such plants, the generative cell divides aned
[orms the two male gametes durtg the growth of pollen tibe n the stigma.
In planis which shed pollim in the thes-celled condilion, pallen'iubes
carty the two male gamedes from the begnntng, Pollen tobe, after reaching:
Lhe evary, enlers Wie ovitle through the micropyle and then eénters orie of
the synergtds through the Qitorm appsratus (Flaare 10124 ¢). Many recenl
studies have shown that Bltform apparmitos present at the micropylar pan
of the synergids guides the entry of pollen tube. All these events—{rom
pollen deposthion on the silgma until pollen tubes enter the ovule-are
togetlier referred (o as pollen-pistll iInleraction. As poinied out eariler.

pollen-pistl mteraction 1s a dynamic process ntmvalving pollen recognition
Ioliowed by promiollon or inhihition of the polien, The kmowledoe gatned

In this ares would help the plant breeder In manipuiating pollen-pistil
Interaction. ever in incompaltible pollinabtions, to get destied hivbrids.

You can ecasily study pollen srmination by dusting some pallen from
fowers suchas pea, chickpea, Crotalaria, balsam and Vinca on a glass slide
copnlaining 3 drop ol siymr soluton aboul 10 percenl). Aller abicul 1530
mitrniles, observe the slide under tie low power lens of the microscope. You
are likely io see pollen nbes coming oul of the polien grains.

A breeder Is inlesesied In crossing difficrenl speces and ofien senera
to combitne destrable characters (o prochuce commercially ‘supenor’
vareles. Artificial hybridisation 1s one of Lhe major approachies ol erop
improvement programme. In such crossing expertments 1L is impartant
{0 make sure that only the desired pollen grains are used for pollination
and the stigma is prolecled [rom contamitnalion [[rom unwanicd pollesn).
This 1s achieved by emasculation anid bagsng technigues.

If the female parend brars hisexual lowers: removal of anthers from
the flower bud before the @nther dehisces using a palr of [oeeps s
necessary, This step 1s referred (o as emasculation, Emasculaled lowers
have o e covered wiilh a bag of sattiable siee. generilly made up of buller
papeT, (o prevent contamination of Its stigma with unmwarnled pollen. This

process is called bagging. When the stigma of bagged flower attains
recepivily, mature pollen gratns collected from anthers ol the male parent

are dusted on the sttgma. and the flowers are rebagzed, and the frulls _
allowed (o develop.
o

If the female parent produces untsexual Rowers, Lhere 18 no need for
ernasoulation. The female lower buds are baszed before the flowers open.
When the stignia becomes receplive, pollination 1s carried oul using the
deslred pollen and the Nower rebagzed.

225



v/
) -

1.3 DouvsLE FERTILISATION

Afier entertng one of the synergids, the pollen tibe releases the two male
ganmieles nto the evtoplasm of the synergd. One of the male gameles moves
lowards the egg cell and hises with its mucleus thus completing the
syngamy. This resulls in the formation of a diplod cell. the zygote. The
olther male gameie moves Lwaitls (e bwo polar nucle loeated in ihe central
cell and fuses with them to prichuce 3 tiplotd primary endosperm nucleus
(FEN) [Fleure 1. 13a). As this Involves the uston of ithree haplold nucle i
ts lermed triple fuston. Sinee two types of fusions, syngamy and triple
lusion take place in an embryo sac the phenomenon 1s ermiéd double
fertilisation. an evenl unigue o Rowertng planis. The central cell after
triple fuston becomes the primary endosperm cell (PEC) and develops
into the endosperm while the zygote develops into an embryo.

Degenvrating
syt gicls

Zygote [2n) \
Prmnry endosperm s B | .-'E- ] .:-
el = = 1) l{‘!—' e E( Su.‘sprn.s-hr--j.
- . h T
Promary endasperm —El @ g ! :#-.-‘".,;..__1.. : i
nucleus [HBol | ¥ = e " e Hadicio
[PEN) / . T ﬂ
| Zygoie T8 g" 12
- = En -
e T & == =
" Heart-Shuped -‘?‘——m A Cotvleddon
» CElrl~- - . S
Degenernting .wj_‘;q Embiryo _
antipodal eclis g Phmmale
: Clolintar Embirio Miture
i) i)

Flgure 1.12 () Fertllised embryt wie showing zvgote and Primary Endosperm Nucleus (PEN):
(b} Stagen in emntayo divelopment i a dicol [shown D educed st as compared to (a))

1.4 PosT-FERTILISATION | STRUCTURES AND EVENTS

Following double fertiisation. events of endosperm and embryvo
m development, matumton of ovile{s] tnto seealis) and ovary nto frull, are
—_— collectively lermed post-fertilisation events.

1.4.1 Endosperm

Endosperm development precedes embryo development. Why? The
primary endosperm cell divides repeatedly -and lorms a Lriplold
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endosperm (1ssue. The cells of this Ussue are [lled with
reserve lood materials and are used for the nuirition of
Lhe developing embryvo. [n the most common Lype of
endosperm developmenl, the PEN undergoes successive
miclear divislons to give rise 1o free nuclel. This stage of
endosperm development 1s called free-nuclear endosperm.
Subsequently cell wall formation occurs and (he
endosperm becomes cellular, The nmusmber of [rec nuclel
formed belore cellularisation varles greally. The coconul
waler from tender coconul that vou are familiar with. s
nothing buil free-nuclear endosperm [made up of
Lhousands of nuelel) and the surrounding whilte kernel ts
the ceilular endosperm,

Endosperm may elther be completely consumed by the
developing embryo (e.g.. pea, groundnut, beans) before seed
maiuration or it may persisi-in the malure seed [e.g. eastor
and cocomul] and be used up durtng seed germination. Splil
open some seeds of castor, peas, beans, groundnnl, frll of
eoconiul and look for the endosperm in each case.  Find oul
whether the endosperm is persistent in cereals — ipheat, Hoe
anid maize.

1.4.2 Embryo

Embrvo develops al the micropyviar end of the embiryvo sac where
the sygole 1s sttnaled. Mosl zygotes divide only aller derialn
amount of endosperm 1s formed. This ts an adaptatton (o
provide assured nutntton o the developing embryo. Though
the seeds dilfer greally, the early siaces of embivo development
{embryogeny) are stmllar in both monocotyledons and
dicotviedons. Figure 1. 13 depicts the stages of embivogeny 1n
a dicotyvledonons embryo. The zygole gives rise (o the
proembryo and subseguenty Lo thie globular, heart-shaped
atil mature embryo. )

A typiteal dicolyiedonous embmyo [Floure 1. 144), consisis
of an embryonal axis and (wo cotyledons. The partion of
cmbryonal axls above the level of colvletdons 1s tie eplecotyl,
which lerminales with (e plumunle or sieim (ip. The cviindrical
portion below the kevel of colyledons ts hypocotyl that
lerminates al its lower end i the radicle or root tip. The root
lip 15 covered willi a root cap.

Embryos of monocotylelons (Flgire 114 b) possess only
one cotyledon, In the grass [amily the cotyledon s called
scutellumm thal s sitwated lowards one side (laterat) of the
cmbryonal axis. At its lower end. the embryonal axis has the
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radical and ool cap enclosed In an undifferenttated sheath called
coleorrhiza, The porilon of the embryonal -axis above the leyel of
altachment of scutellum is the epicotyl. Epicotyl has a shiool apex and a
few leal primordia enclosed in a hollow foliar siructure, the coleoptile.

Soak a few seerds mowaler (say of wheat, mate, peas, chickpeas,
groumd mul) overnight. Then splll the seeds and obgeTve the variomes
parts of the embryo and the seed.

1.4.3 Seed

In ansospermes, (he séed 1s the final product of sexual reproduction. Is
olten described as a ferilised ovole, Seeds are formed Inside fralls, A
seed lypleally conststs of seed coat(s), cotyledonis) and an 'E"Tnl:iij HEls,
The cotyledons [Figure 1.15a) of the embryo are simple strctures,
gencrally thick and swollen due Lo storage of [ood reserves [a@s In legumes).
Mature seeds may be non-albuminous or ex-albuminous. Non-
albominous sSeeds have no resldu! endosperm as it s compleiely
consumed during embryo development (e.g., pea. groundnut).
Albuminous seeds relain a part ol endospermaas 1t 1s nol completely used
up diring embryo development (e.g.. wheal, malze, barley, casior).
Occasionally, n some seeds such as hlack pepper and beel. remnants of
mucellus are also perststent.  This restdual, persistent mucellus 1s the
perisperm.

[nleguments of ovules harden as lough prolective seed coals
(Figure 1.15a). The micropyle remalns as a small pore tn the sced coat.
This factlitates entry of oxygen and water nto the seed durine sermimation.
As the seed matures: s waler content 1s reduced and seeds hecome
relattvely dry (10- 15 per cent molsture by mass). The general metabollc
aciivity of the embryo slows down. The embryo may ¢nler a stale of
mactivily called dormancey, or if lavourahle conditions are avatlable
(adequate molsture. oxveen and sultable temperature), they germinate,

As ovules malure info seeids, the ovary develops into a fruil, Le.. the
transformation ol ovales Into seeds and ovary nto frull proceeds
simultaneousty. The wall of the ovary develops inlo the wall of frall called
periecarp. The [rults may be [leshy as in guava, orange, manyo, elc., or
may be dry. asin groundnut; and wostard, ele. Many frutts have evolved
miechanisms [or dispersal ol seeds. Hecall the classilication of frolts and
thetr dispeirsal mechantsms thal vou have sfudled in an éarller class, Is
there any relatonship beluween muamber gf omiles n an ovany and he
mumber gf seeds present tn a frude?

In most plants, by the time the frait develops from the ovary. otlier
lNoral paris degenerade and [all ofl. However, ina few spectes such as apple,
strawberty, cashew, ele,, the thalamus also contributes (o frull formatfon.
Such frulls are called false frufts (Figure 1.15b). Most frulls however
develop only from the ovary and are called true frults. Alithough in mosi
ol the specles, fmilis are the resills of fertilisation, there are-a few speoles
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in which frutts develop withoul feitilisation. Such frulls are called
parthenocarpic fruits. Banana s one such example. Parthenocarpy can
be induced through the application of growth hormones and such frulls
are seedless.

Seeds offer spvenil advanlaues Lo anglosperms, Firsily, since
reproductive processes such as pollinatlon and fertthisallon are
mdependent of waler, seed formation 1s more dependable, Also seeds have
better adapiive sirategles for dispersal (o new habiials and help the specles
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to colonlse in other areas. As (hey have sufficlent food reserves, young
secdlings are nourtshed untll they are capahle of pholosynithesis on their
owrl. The hand seed coal provides protection to the young embiryo, Being
products ol sésoaal reprodudiion, they senerile new genietic comblhations
leading to vanatlons.

Seed 1s the basts of our agricullure. Dehvdration and dormancy of
mitlure seeds are cruel for storge of seeds which ean be used as food
throughout the year and also to raise crop in the next season. Can you
Imagine-agrcullure n the absence of seeds, or ln the presence of seeds
which serminale strateht away soon after fommalion snd cannol be stored?

How long do the seeds remain alive afier they are dispersed? This
pertod sgam vares greatly. In a few species the sevds lose viability within

“a few months: Seeds of a large number of speeies live for several years.

Some seeds can remain alive for hundreds of vears. There are several
records of very old yel viable seals, The dldesd is thal of a lapine, Lipinus
arcticies cxcavaled from Arctc Tundra. The seed germinated and flowered
after an estimaled record of 10,000 years of dormancy . A recent recard of
2000 years old viable seed 15 of the date palm. Phoeniy dactyitfera
discovered during the archeologieal exeavatlon at King Herod's palace
neat the Dead Sea.

Afler completing a brief accound of sexual reproduction of flewvering
plants t world be worth altempliing to comprehend the enormotis
reproductive capacty of some_flotbering plants by asking  the following
questions: How many eqgs are presend in an embigo sac? How many
emibiryo sars e present incan ovule? How many orules are present (n
an ovary? How many oparies dre presend ina iypleal flower? Howe meany

[fiwvers are presend on a tree? And so on...

Can you think of some plants n which frulls cordain veny lange
number of seeds. Onchid fruits are one such, calegony and each frutt
cartafnt thowsaneds of tiny seeds. Similar s the case in nudls of some
parusitle spevtes such as Orobanche and Striga.  Hae you seen a (iny
seed gf Funus? How large is the tree of Ficus developed from that finy
seecl Howe muny bBilllons of seeds does each Fleus free produce? Can
you tmagine any other example in which such a tiny structure can
praduce such a lame biomass over the years?

1.5 Avomixis axn PoLYEMBRYONY

Although seeds. in general are Lhe products of feritlisation, a few flowering.
planis such as some spectes of Asteraceae and grasses. have evolved a
spectal mechianism, (o produce seeds without fertilisaiion, called apomixis.
Whalt s frull preductfon withowt fertilisation called? Thits, apomixis 1s a
{form of asexusl reproduction thal mimics sexual reproduction. There are
several ways of development of apomictic seeds. [n some spectes. the
diplotd epg cell 1s [ormed withoul reduction division and develops hiilo
the embryvo withoul fertilisation. More ofien, as in many Citrus and Mango
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varietles some of the nucellar cells surmounding the embryo sac start
dividing, protrde inlo the embryo sac and develop tnlo the.embaiyos. In
such spectes cach ovule conlalns many embryos.: Occurrence of more
than one embryvo in a seed 15 reéfermed 1o as polyembryony. Tuke ol
soime seeds of arange and squeeze them, Ohserve the many embnos of
different sizes and shapes from each seexd. Count the number of embryjos:
n each seedl. What would be the genetic nature of apemictic embryos?
Can they be called clones?

Hybrid vartelles of several of our fond and vegetable crops are betng
extenstvely culttvated, Culttvation of vbrids has tremendously incressed
productivity. One of the problems of hybrids ts that hybrid seeds have
to be produced every yvear. If the seeds collecied rom hybnds are sown.
the plani= In the progeny will segregate and do nol matntain hvbrid
characters. Production af hivbrid seeds is costly and hence the cost of
hyhrid seeds become too expensive {or the [mrmers. If these hybrids are
made mnlo apomicts. there 1s no segregation ol characters in the hybnd
progeny. Then the farmers can keep on ustng thie hybrid seeds to ratse
new crop vear aller vear and he does not have Lo buy hybieid seeds every
year. Becanse of the tmportance of apomixts n hybrid seed indusiry,
active research is going on in many laboratories around the world to
understand the genctics of apomixis and Lo lransier apomiolic genes
into hybirld varieties,

SUMMARY

Flowers are the st of sexuhl repmdoction (n anglosperms. In the (lower,
androccium consisting of Slaméns represents Lhe maole feproduetive
prgnns and gynocehim consisting of plsills represenis the [emale
reprodactive orfans,

A typical anther is bllohod, ditherous and Actmsporangiaie. Pollen
grains develop inside the nierosporangin. Four wall layers, the
epklermis, epdotheciium, middle Byers and (He lapetim sacroond e
mHcrsporanginm. Cells of the spormogenous tssue iving i the eentre of
the micrmspormngiom, undorgo meiosis Imfcrosporogenesis] (o form
tetrpds of mbcrospores. Ivdividim] micnespores moture inlo pollen: grains

Pollen gralns represents the male gametophytic generations.  The
pollen graina hinve a twodayered wall, he ouler. exine and inner ntine
The exine is mude ap of sporopollinin wrid has gemm pores: Pollen grains:
iy tmve two eells fevegeintive ccll and genmmive coll) or three cells (o
vegetntive eoll and two mole gametesj at the time of shedding.

Thet pisiil s thred eerts — e stigmn, style ol e oeary. Osilils
are presend in the oviny. The ovoles tmve o stalk called fnkele, protective
Intepnmerit(s), snd an opening called micropyle. The central tssue (s
the mreelbos fowhich the orohesperiom: differsntintes: A cell of (he
nrchesporium, the megaspore mother cell divides mciotieatly amd one of
the megispores forms the amlayve sae (Lhe fenole gametophyte), The
mitture embeyo sac i 7-oelled and Snnceate. Al the micropytar end s
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e et apporatis consising? of lwo synorplds ool o ey ecll. AL the
clialivas] enid are three mmlipedals.. AL tie etntre 180 lirge eentral edll
with bwp polsr msehet.

Pollination s the mechonism (o ansior pollen grmins from the
anther to the stigma.  Polllngting agents are either abiobie fwind and
waler) or Bintle faonimnby),

Follenpistll intermeion mvolves all evenls feom Uie lemifing) of pollen
gmins on thi stimmn ol the polion b omers the mmbryn s (when
the pellon is compatibie) or pellen inhibition fwhen (he pallon s
incompatible). Following compatibie pollination, pallen gmin germinutes
o the stigmi and the wsulling pollen’ (ube groow through' the style,
enter the 'oviilés and frinlly discharges twio mnle gametes in otic of the
symaTifins.  Angosprrms exhibit diouble ferdiisation becanse fwo osion
mverts oovur o each embyrye s, namcly syngamy and iziple fusion,
The products of Hiese fusioms are e tiplodd zygote smd the trplosid
primary endosperm nocleus o the primany endosperm: cell), Zvgote
develops inlo the embryo und the primiary enispesn cell forms Lhe
endosperm (issue. Formuation ol endosperm slways procedes
dovelopment of the embryp.

The developimg embayo passes through different stoges such as
the peoembryo, globular and heart-shaped stages before maturation.
Mature dicodvledonous embrye has (wo eodyledpns and an embryonal
axis with ‘epicotyl and hypotolyl. Embryos ol monocolyledons have o
singhe caiviedon. - After fertilisation. omry develops mito froit amit ovales
dovelop into speds.

A phenomenon malled apomixis & ound in some angiosperms,
particubarly i grasses: It resalis @odhe formeation of seeds wilhooat
fertilisatlon.  Apomicts have several advantages in hortcalture wmd
npgrieuiiomme,

Some anglosporms produocs more than ape embryn in their seed.
This phensmenan s called polyembryony,

/AN

/

N/ /AN\Y

EXERCISES

1. Nime the parts of an angiosperm Oower (o which development of mule
] female gamelophyte ke place

2. Differentinte betwesn microspomgienesis and megasporngenests. Which
type of pell division ooours duringg these ovenits? Name the stroctires
fermmeed sl the end al these two evenls,

A Armumgge the following torms i e correct developmenta] segquenion:

Pollen groin, spomgenoeus tlssue, mivrospare (eted, pollen mother cell,
male Eimetes

4, With 2 neat, lbelled dingram, deseriie the parts of 3 typle) snglospenn
vule,

5. What is meani by monosporic development of fomale gnmetophyice?

6. With a neal dingrum explain (Be 7-oelled, B-pocleate noture of (e femnle
paimelophyic.
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Whal are chasmognmous flowers? Can cross pollinntion epeur in
clelstognmons [lowers? Give reasons [or your hiiswer.

Mention two stmiegies evolved to prevent splf-pollination o flowers.

Whizl is sollnvompalibiliy? Why docs sell polliniiion pol lead Lo seed
lomntion in self-tneompatible species?

Whal Is bawping lechnlgue? How s 10 useful noa o plant breeding
progE mme?

What s triphe fuslon? Where and how does §E take plince? Namee (e
peel wivelad in triple fusion.

Why do yoiz think the zygole 1s dommant for somefime nog fertifised
ovule?

[MTerentiole bolbween

fa) hypomityl aned epicotyl:

] eoleoptile and coleorrhim:

le) mbegument amd losla;

(| persperm, nnd pericaErp

Why b= apple called a Blse foit? Which partis) of the Oower fomms (Be
fruit?

Wit ts mesmit by emssenbtbon? When and why dees o plant breedir
cinploy this (echinique?

Il one can induce partheneoarpy thmogh the application of growlh

subatances, which fmils would you select o induce parthemoarpy
anil why?

Explain the e of tapetum in the formstim of pollen-gmin wadl,
Whal 5 apomisis and what = (08 nparianee?
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