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STRUCTURE OF ATYPICAL Mheits \’ghorlf
tamens arpe
ANG I OSPERM FLOWER (male reproductive parts) (female reproductive parts)
Flower is the rgproductlve organ unique to a_nglosperm Bl s Bl Bl Bt GRS
plants. It contains male and female reproductive organs, pollen sacs) (contains

one or more
ovules)

which are responsible for the production of gametes (sex
cells). In general, a flower consists of four whorls, calyx,
corolla, androecium and gynoecium. Calyx andgo&o
are called accessory whorls, while other o are
reproductive whorls. Androeciggis called male \Whorl, as
it contains stamens, male 3gs®0rgar§y Gynoeciumgs called
female whorl as it conf@ns pistils (ORgarpe e female
sex organs.
Pedicel: Pedicel is the sta
short, long or even absent.
have typicgl structure, Wi

b
Whorl 2
Corolla
(all petals
combined)

of the flower which
e pedicel
a normal

Sepal

Whorl 1

- Ovule

The cylingfer be roken Caly \ /
vascula#oundles. | » (all sepals Cecentac]
c combined) \ T ceeptacie

bornegthe pedicel expa

vascUg cylinder also finally traces Lg®@in
to diverg®jn the S|m a ise quite
independent

Floral whog
(a) Calyx:
generally_dfeen

anched syste

is trﬁst off outermost tectiv%l. i i giled a se@al which is

d paenchyma a
ally there
ifferentiation in a and trichomes
p) Corolla: Iti is called a peta
he petals also resembl , @ more or leg
pranenesmygsculal w . Venyss
epidermal @glls of 3 g ' lowers.
(c) Androe@um: . Eaclyf stamen is a

modified lealgor mlc?n yll. Each stamen co d#ectiv . Each anther
has two agif€r lobes an pbe usually cont sacs or micro-spgpangig fiffed witfMggllen grains
or micgg8pores. * *

(d) @ynoecium or Pistik It is T §Ie ‘ id i lonal u are called carg®ls (=

? el cORgjsts of ovaryJﬁer and stigng ary i swollen basal pagf of the
@/ules. dohgyLile connected tg roug pecial tisglle called
DROECI :
hmophylls ColRgctively, all the stamens are
Stamens or Micro-Spg¥Fophylls

Each stamen consists ol 3wgarts — fiment, anthefiand connectjye.

Filament: Ordinarily, each Sttgggfl is composed @f a slender gtalk-like filanYggig®ipporting a knob-like spore
case or the anther which permits exsertion of pollen out of fl@wer. It is attached to the receptacle or arise from
the petals (epipetalous). The structure of filament Issaisidestiiallc. The epidermis is cutinized and bears trichomes.
The stomata may also be found in the epidermis of both anther and filament. The vascular bundle is found
throughout the filament and culminates blindly in the connective tissue situated in between the two anther lobes.
Connective: Ordinarily, the connective is a patch of sterile tissues connecting the two parallel anther lobes .1t is
a prolongation of the filament and contains the conducting strands.

Anther: fertile portion of stamen that dehisces to release pollen grains; composed of anther sacs. Each anther
has two anther lobes (bilobed) and each lobe usually contains two pollen sacs or micro-sporangia placed

megasggrophylls). A typic
carpel tAgt contaiw®8ge or
placenta.

The androecium is the flogll organs comp
referred to as the androg@ium.
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longitudinally. There are longitudinal grooves or sutures along the ventral face of the anther demarcating the pollen
chambers. Each pollen chamber represents a microsporangium and contains innumerable fine, powdery mass
called microspores or pollen grains. The stamen, therefore, is a microsporophyll bearing four microsporangia
(quadrilocular or tetrasporangiate).
MICROSPORANGIUM
Structure and Development of Microsporangium or Mature Anther
Young anthers are more or less oblong in shape igsection agnd made up of homogeneous mass of meristematic
cells without intercellular space (Fig. 3.1 A). \llith tfurthefdevelopment, the anther becomes 4-lobed. The
microsporangia are developed iggide the corners offithe 4-lobedlanther.
The outer layer of anthe caMgd epidermisll Below the@epidermis, a{g€acig@rner, some cells become
differentiated from otfs by their 0Qase proiggism and consdguous nucki — archeSporium or archesporial
cells (Fig. 3.1 B). Each &chesporial en divides mitotically and s an outer g¥imary parietal cell and
an inner primary sporogd@nous cell.
There may be only one su8k archespori #
more of them formlng a pjfite (Ophi i Longltudlna Y, a@
The outeritagy parigtal cells ary i
layer, thf primary S§@rogeno remai@#T groups i
divide both

., endotheciu

ich re

The cglls of primary parjgtal
anth@gidial wall (3-5w§ly
The inneWggost layer heri

nutritive laygyr, call
The primary spor
number of gells
Between th€ tape

qpetum are U
During microsp rospore mothe

grent of microgp@res or poIIe
ell undergoes nw I |ng rise to . g ‘n’ number g
romosomes) nuclei. T se ..Q Ilya iljyeste wit | walls. They a
Bvsthesiaic 1OSp ﬂ'@’m epow Haome abcols
The anther@inow medqa dry strdeture, the partition walls between & 3porang culi)gare usually
destroyed aRyd the spakes (pollens) are soon liberated by dehiscence of the anthgl.
The tapetal @ells of e multinucleate an gat part in the nutritigh of ollens. Sometimes
they develggs Plasm e of thggollen. Even
a part gfgffe sporogenew.s ar ition i \wjng spores.
Primary
sporogenous cell

as in Boerhgavia, etc., or there may be
may be Ofgg to many of them.
i Belo PRrietal cell

orm multilayered
i)3.1 D).

85 tissue, f
r dlgmlt jcally into a

iddIg layers and

tions as

actual melos s occurs in the ,;mmgenous c

B Parietalcell C
Endothecium Epidermis Endothecium

1 : Stages of anther development and microsporogenesis : A-D. Developmental stages, E. 7.S. of developing
anther, F. Enlarged microsporangia with wall, and G. T.S. of mature anther showing liberation of pollen grains
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Fig. 1.2 : Cell lineage and major events that occur during anther differentiation and dehiscence along with histo-
logical observations of the L1, L2 and L3 derivatives of a tobacco stamen primordium.
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ANTHER WALL LAYERS:

Epidermis, endothecium, middle wall layers (2-3 layered), and the tapetum (outer and inner layers) constitute the
anther wall.

i. Epidermis:
The epidermis is an outermost, single layered protective sheath of the anther. It divides anticlinally and tries to
keep space with the enlarging internal tissues of the gailaeiméssgaconsequence, they undergo considerable stretching

and flattened in surface area. It provides the structffal integrity@to the anther, assists in gaseous diffusion, prevents
moisture loss, and in the dehig®8gce of the anth@r lobes. Sofnetimes the epi#f®ggal cells may be cutinized or
lignified.

ii. Endothecium:

The outer most layers of e descendants of th m Il Igcated immediately belgh the epidermis are called
for d

the endothecium. It attains $e maximu ce of the g@lither. The cells are radially
elongated gad decoratedggith fibr (Rence this layer is call er andyge hygroscopig in nature)
that run ypwarthigom 4 innertég_ al walls g emenirEees Quler wa gcellas inco@gMPTetlring. The

outer taffgential wallS remainghim. The gg#Othecium iggassociated high p ion of ®Cellulose 2d small
amouyt of lignin at matupity. The spg€ialized nature endothecium tagethe the stomium help§jn the
dehistegce of the anth
iii. Middle Wgyer:

Below the e othecaz-s Ayers o are pre nstitu ?
is dg@@eloped fromplupper al layer.

I middle layer: - Thi
11 middle I@yer: - low the I middle layer which also develops from upper mid
pari c aycl.

= 7 LA
11 middle IayerUres Kldle layer wiigh are deriveiﬂlllmr secd rietal layer.
he cells of the : b2 phemeral ecome flAftBrECT y meiosis in th
ollen mother celf”The I§ '@I?"Z‘ﬂ?’ ndothgci even dlﬁ!ﬁi In few instance
@.serves to stmsta ‘va Wplng ﬁ&\&;\‘!,’/,,
iv. Tapetuy:
The tapetunis the layer of the anther wall isusually derived from the ig dary gerietal layer.

icrosp@res are in the
. Uspally tapet onsists of

The tapetumSurrou e spRrogenous tissue and

tetrad stagg®after which ghey g into decline tha
singleg®yer of cells or 7] e sporogenOWgtissue,
f

majoNypart of it is derive A gt the sporogenous tissue. TagPetum
transpOs the nutriepts to te S Tidp mentigv’it is red brown in gbple or
A. Characteristic of Tap®gl Cells:

violet iN\nemg
a. They are distinctly enlaged or radiall M‘g‘hsal.
ribosomes, mitochondri@ Endoplasmic reticulum,

b. The cytoplasm is dengg with prominent nuclelfB
many vesicles and actiy§ organelles.
c. Cells may be multin ate or polploid and ar@ comparativ@y rich in DNA.
d. There is irregular mitotic @ s and nuclearfusion.
e. They are characterized by rapid and intense actfi¢ity with de@eneration of thelr cytoplasm.

imum development
collapse of the cg

B. Behaviour of the Nucleus in the Tapetal Cells:

Tapetal cells undergo dynamic fluxes during their short life span. The characteristic cytological feature of the
tapetal cells, irrespective of the type, is the increase in the content of their DNA, which is initiated with meiosis in
microsporocytes and extends through the meiotic division.

Since DNA increase is not followed by regular mitotic division it results in certain cytological abnormalities, like
multinucleate cells, endomitosis, polyploid nuclei, polyteny and endoreduplication.

Based on the behaviour, two kinds of tapetum were recognised.
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a) Amoeboid or Invasive or Periplasmodial tapetum:
The inner and radial walls of the tapetum break down due to the action of hydrolytic enzymes and their protoplast
containing food material penetrates between the pollen mother cells and developing pollen grains or moves into
the inner anther cavity. After intrusion, they fuse with each other and forms a mass of tapetal periplasmodium or
shows amoeboid movement around the pollen mother cells and forms the peri-plasmodium mass. This tapetal
plasmodium remains associated with the pollen grains till their maturity by providing nourishment. When the
anther gets drying up, the tapetal periplasmodium gets dehydrated and coated over the surface of pollen grains,
thereby helping in the formation of exine. Amoeboi@ tapettm I§considered as the primitive type. It is found usually
in hydrophytes Eg:- Alisma, Tragescantia, TyphafiSaggitariafPotamogeton.

b) Glandular or Secreig# tapetygn:
The cells of glandular tagetum remair§iniaes#PBlghout microspe
from their inner faces. retary tapetal cells are thin and possess almdSt all cell orgg@helles like mitochondria,
plastids, dictyosomes etc. S@me spherical stru roubisch bodies are also prggent. Just before the pollen
mother cells undergo meiggps, the wall onsiderable increase in the
number ofgRosomes ang?pro-ubi (Roubish bodigs pass into
the anthgfflocul™ggahe tape alél; A h i coate®o vt poRen grains
Eg:- Hi@her monocots and m

a .%ort ‘
wall.

The rgle of t petalfcells in the secretion of sporopollenin precursor is non-amf uonev , its role in
e synthesi por@pollenin is pot clear. P

Tapetum pla ppmation of pﬁn wall durirﬁiﬁb jotic p rioom in the formatio|
of exine. o, i -%??i};
enoi ine, %ﬁ#wite o]y taollen surface an
in

t poll fml raimsect@ttr & prolegie

S\

ngcvedpment. They@Becrete their substances

Fundagns of tapetum:;
1. TheWgrients are

the locut®s duri
2. Tapetunlfis in

o bind
from Ulifra vi
6. Tapetaljcells
play a r@e in f tio
acetolyghs resist
peg#petal memb
7. ®Ormation of UbiséModies.

Sporodgnous Tissue (also@ micra

The ceYs®T sporogdgous ti dense ¢
polygonal in outline and aRgched ¢ 0 other within a locule ary spg#®genous tissues, formed by
archesporial cells either digectly functio 1\"35 mitotically \to a number of cells which
function as spore mothergells (or microspore mo e are diploid cells. EveRja part of the sporogenous
tissue may break down ghd serve for g g.instead of developingge®Sgores.

aceagtapetal cells

we tapgfum forms an
as theéqgulture sac or
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MICROSPOROGENESIS

The process of the formation and differentiation of
microspores (pollen grains) from microspore mother
cells (MMC) by reductional division is called
microsporogenesis.

Pollen or Microspore mother cells (PMC or
MMC)
The poIIen mother ceIIs are polyonal in shape 3
d l Meiosis Il
db Tetrad

Microspore
mother cell

Meiosis |

-«

Mature
pollen
grains Intine

rane. Callos€*deposition
cells between the plasma

Exine

Generative =———j
nucleus

Generative —"]
cell

v
allose is initial any gaps

rough which t

asmic chanm be

Pollen ———
tube
nucleus

staghsynth

1ng t their

Exine
Intine
Nucleus

Fig. 3.2 : Ditterent stages of development of microspore from microspore mother cell : A. Microspore mother cell,
B. Diad stage, C. Tetrad stage, D. Clevage of protoplast and formation of polien grains, and E. Four
microspores i.e., polien grains with exine and intine

Cytokinesis:

The microsporocytes after the meiotic division undergo cytokinesis, by any of the two processes, viz., simultaneous
Or successive.
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i. Simultaneous Wall Formation:

In this case the first meiotic division is not accompanied by wall formation, as a result after meiosis I a binucleate
cell is formed. The two haploid nuclei undergo the second meiotic division synchronously by virtue of their
common cytoplasm. Later callose walls are laid down as centripetally growing furrows, which meet in the centre
of the cell to produce a tetrad.

Fig.1.8 : Simultaneous type of cytokinesis in Drimys winteri. a-Pre-mitotic microspore mother
cell without callose wall; b- Metaphase-|, c- Binucleate call; d- Metaphase-|l. a- Four nucleate
stage. {- Tetrad stage.

59.1.9 : Successive type of cytokinesis in Commelina subulata a- Pre-mitotic microspore mother cou;Qk
&- Dyad stage. c- Metaphase-Il. d- Telophase-Il. e- Tetrad stage. A

o & v O o ¥ 37 1 ’v‘_

. K ] L7 NP7 W ol a2
MicRgspore Tetrad: ore so Mm“ 0 € e
remainNgssociated time."T
group o0 micros Kinds of Microspore tetrads in angiosperms.

The four her, and each ‘ A—Tetrahedral tetrad; B—Isobilateral tetrad;

develops a characteristic s@ape or fm - C nwu.\-gmf. .u-u.nd;. D—F shaped tetrad; E—Lincar
: . tetrad; F—Pollinium of Ak or Calotropis.

different species of plant fﬁ s —

Different plants represe

1. Tetrahedral tetrad i

2. Isobilateral tetrad- A

division remain at right angle ,

3. Decussate tetrad- Out of the two lower spofgs, only o

Magnolia.

4. Inverted T shaped tetrad- In meiosis Il upper cell divides to form two cells present side by side and the lower

cell forms two cells lying one above the other; e.g., Aristolochia.

5. Linear tetrad- All the four spores are present one above the other in a linear fashion; e.g., Halophila.

6. Rhomboidal tetrad- Spores are arranged in the form of rhomboid. E.g., Anona muricata.

t
types of tetgads —
E.g., Drosera.
first and second meiotic

is visible. Both the upper ones are clear; e.g.,
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Abnormalities-Pollinia, compound pollen grains.
Occasionally there are either fewer than four spores resulting from the divisions of the microspore mother cell, or
more than four. Less spore condition originates as the result of a failure of one division, or the formation of a
"restitution nucleus™ after the first division, or an irregular wall formation giving rise to one binucleate and two
uninucleate spores. The formation of more than four spores (polyspory), usually results from the occurrence of
lagging chromosomes which organize into micronuclei.

In general, however, such abnormalities in the nur@ioer of micf@spores are found only in hybrids characterized by
a high degree of sterility and thgg#gllen grains arisfig in this wdy are nonfunctigigl Usually the microspores soon
separate from one anothelgds®t in s@e plants, th@ly adhere in @trads to forrgfthe sO%gglled "*compound' pollen
grains ex: - Anona, Df0sera, Elode, Typh d several mamalgrs of ¥ Apocynacége, Asclepiadaceae, and
Orchidaceae.

In the Mimosaceae there af® larger uni
Asclepiadgceae (Calotrgfis proc
called thgbo m. Gollinium ' N es i@l 8 pollinia.
Each pgflinium conStsts of a i two poMia carrieSgnass of
polleghrains.

The fam rchidac§ stin e ; LQas Cyprig#dium and
Vanilla, the ficros nothe I fo Is of #etrad adhere
and form a gempo tribes i i yi ied f@ther and the
compound @rains elves held t@gether i Il inafly, in Cdglogyne and

Pholidota all the inu ir dev@lopment as
,/Ii'i\\\\ eﬁ
muan
of the bers of t {

gle unit.
ithi=agg many as eleve
reflewads

nE orium odoratu

icrospores have been
al 1U wam, gia

Polinia

A. POLLINIA OF Orchid
B. B.POLLINIA OF Calotropis

-

Fig. 2.7 Polyspory in Eupatorium odoratum. A, B. Pentads. C. Decad (after Maheswari
Devi and Pullaiah, 1977).

A

Fig. 3.16 Polyspory in Hyphaene indica. A. Microspore mother cell after meiosis. The four
daughter nuclei are seen in division. B. Octad; very likely derived from the microspore mother
cell shown in A. (after Mahabale and Chennaveeraiah, 1957)
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DEVELOPMENT OF MALE GAMETOPHYTE (MICROGAMETOGENESIS):

Microspore or pollen grain is the first cell of male gametophyte (partially developed). The development of male
gametophyte from pollen grain is called microgametogenesis.

During early stage of development, it remains within the microsporangium. The nucleus of the microspore begins
to divide very soon after it is formed. Such division may begin even before the microspores dissociate from the
tetrad condition.

The cell undergoes unequal division and forms a small generative cell and a large vegetative or tube cell (Fig.
3.5B). Initially the generative cell remains lying at @he corner ofithe spore wall. A callose layer is deposited around
the generative cell.

Generative cell wall appegggsT betWigen plasma m@nbrane of g@nerative cell gfd inthgtowards the lower side and
develops completely til#fft encircles tNg wholegg@rative cell. Viligln shortgfme, it gets Ofkached from intine (The
callose layer than dissoRges) and becOW®eS ellipsoid or fusiform or V@m#iform in shafe (helps for penetration
through pollen tube) (Fig.®.5C) and remains sus iythe cytoplasm of the vegeta¥e cell (2-celled stage i.e.,
vegetative cell and generallyve cell). W mllgpp and its cytg@lasm remains enclosed by
Plasma megbrane (its oyl and ve i . 'ﬁ

Increase NAgygtheglf initiate ision i [
motile gMipsoidal orenticul

male g@metes, Fig. 3.5D) whi
ThisSgision may take i
through § pore af olli

embryo sac.
The nucleusfof th etatie cell is . 3.5W). I{ﬁally ows sign of

degeneratiq witkﬁmat ation of ge I e tube nucleus remain§witffin spore @ may enter

grative ides anMgives 4s® (Wo non-
i.e., va€lative celRgnd two

n tube which dggelops
m rarely afig@entering

N A SAARSS,

Germ pore Tube cell

Male
gametes

Tube nucleus

Fig. 3.5 : A-G. Germination of the polien grain and development of the male gametes

OR
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FORMATION OF VEGETATIVE AND GENERATIVE CELLS

vegetative nucleus

generative cell wall

vegetative nucleus
vacuoles

plasmalemma
generative cell
intine

vegetative cell

generative cell

generative cell wall

vegetative nucleus

vegetative cell

generative cell

generative cell

vegetative
nucleus

generative cell

generative
cell wall

Fig. 4.1 Diagrammatized stages in the formation of vegetative and generative cells, generative
cell wall formation and pinching-off of the generative cell into the cytoplasm of the vegetative
cell. A. Microspore soon after release from the tetrad. B. The cytoplasm of the pollen grain
has become highly vacuolated, and the nucleus has been displaced to one side. C. Pollen
mitosis; note the asymmetric spindle. D. Two-celled pollen soon after pollen mitosis.
E. Generative cell wall has appeared in between the plasma membranes of the vegetative
cell and the generative cell. F-H. Stages in the detachment of the generative cell from the
pollen wall. Immediately after detachment the generative cell appears spherical. I. The
vegetative nucleus has become lobed and the generative cell has lost its spherical shape.
J. The generative cell has become ellipsoidal.
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Structure of male gametophyte (may be Microspores i.e., Pollen grains or pollen tube)

Microspore i.e., the pollen grain, which contains only one haploid nucleus. Microspore nucleus divides mitotically
to form a smaller generative cell lying next to spore wall and a much larger vegetative cell (or tube cell). The
pollen grains are shed from the anther at this bicelled stage (rarely three celled).

Vegetative cell continues to grow with increase in the number of cell organelles. Cytoplasm becomes dense,
vacuole disappears along with increase in RNA and protein content. Nucleus highly convolutes and at maturity no
nucleolus exist.
The generative cell is contained wthin the larger p@llen tube cdll. Upon germinagion, the tube cell forms the pollen
tube through which the gengg®iveRgell migrates t@l enter the ofgary. Initially g€neMgiyve cell is spherical but later
elongates to an extent g##fthread likeNQ facilitate fine movemenf@linto pollengtibe. Cytophgsm contents are limited
with normal cell orgaRglles such d9e®8TTy developed mitoCTTOMeg@ ribosomes, géndoplasmic reticulum,
microtubules, dictyosom& and rarely plastids (if present, without starch). Generatije cell undergoes mitotic
division before or after thegelease of pollen ﬂ Ieﬁetes (microggihetogenesis).

Qbng brygSa

Pollen gfains usuall{*have t I iti - potency®Vas observ@d in the
petalQftl. Here, a male g : 3 i in some abnormaNgollen
grainsgfe number of n potency was ohgetved.
In some bers of an H that theygfsembles

embryo sac. Buch p
anthers of acini orig
nutans.
ofien embryo s NON, as Nemeen
a MY to Nemec,f0llen embry;
e produced bym vegetativ cleus w
enerative nucleus dege uul .
embryo sacQwere see showmg the following types.of orgamzatlon
(1) 8 nuclei @rming o polars, and five a

igitalis by
Occurrencefof pol
iscovered them
Bmalgry 0 smmv i ’ ’ln nuclmom 4-Tenus
They may @ may addition certain abnormal pollen-
(2) 4 nucleigfOrming
(3) 4 el forming a* Qree antlpodal
(4) 1Qnuclei forming a’5-%o 10-ceNgd egg appar»one

and a antipodal cells;

(5) mor&ghan 16490®gi withOutiein SN0

Stow has'@e#€rved eve )Ngo e pollen embr
sacs. According to StovMajt is not puisions of the veget v@‘
Generative nucleus whicjfgive rise to Aﬁ of
the microspore nucleus @6elf. Once the vegetativ e ceIIs have

been differentiated, fugsher developrg guite normal and
embryo sacs are formetngle also rgforts the exiftence of largé number o
dead pollen in association Wigg @@llen embryo $8cs. He belives that the
dead pollen secrete a necrohormone, which ini@ates abnonality in the
surviving pollen.

0.3

A. NORMALPOLLEN GRAIN
SHOWING VEGETATIVE AND
GENERATIVE CELL.

B. POLLEN EMBRYO SAC
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Fic. 105. Development of pollen-embryo sacs in Hyacinthus orienialts. A,
microspore in metaphase of first division. B, microspore showing tendency toward
formation of pollen-embryo sac; nucleus is in metaphase. C, second nuclear divi-
sion in pollen-embryo sae; on right, young pollen-embryo sac with undivided
nucleus. D, four- and two-nucleate pollen-embryo sacs, FE, division of four
nuclei; metaphase. F, same; anaphase. @, well-developed pollen-embryo sac.
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STRUCTURE OF PISTIL

Gynoecium represents the female component of a flower. It may consist of only one carpel (monocarpellary),
two carpels (bicarpellary), three carpels (tricarpellary) or many carpels (multicarpellary). Each carpel represents
a megasporophyll. The free unit of gynoecium is called pistil. A pistil has three parts— stigma, style and ovary.

—STIGMA

a. The Stigma: The stigma is the specialized part of the pistil on which the pollen grains are
trapped during pollination. Stigma is the terminal r@ceptive pagof the pistil which functions
as landing platform for the poldgg grains and aid its germinftion. It also deiggmines the

compatibility-incompatibilgg®0t th pollen graing. There is d@nsiderable vaflatiOfggn the —STNLE
nature of the stigma, angfaccordinglYRit may beJalithe wet or tHgedry type. ghese two DR

types based on the amouWyt of secretion ent during the receptive pE

b. The Style: The style is @elongated narro at connects the stigma@ivith

the ovary and is mainly of | otypes Vi ﬁ he soligstyle ’ &.‘\v OviLES
has a cegital stand gF trans s ue of elongated ce & nectedNy (£ NGV

plasmodggmata

¢. ovay it is the bial swol?part of gg@Pistil. It h i wﬂh@r more
chamygers or locules and parenchymato@shions called p

placent@y An ovary r@ ave e Wheat,Mngo) to se\ﬁral
Papaya, Wl Melo: hidgy. ‘

o X /@ 0P @&

The portion of arp@lary tis arietal

- Parts of a pistil

the ovules are attachedis the PTEREDI ¢
beir distributiop, g the @vary is g s
placentatipn. orm ﬁ m
e The arrf@ngem or§ distribution of
placentae i the c of e ovary is known
as placentgon. Free-central Basal
o The mg# common types lacentation Types of placentation.

foug®in plants are as #@flows:
1.Ma¥ginal placentation:
Q the v

« The Mhacenta formg ridge suture ot_une ovary. V
o The oViles gue#or nth| ormmg onoca and ugfoChagovag.
e This is f8Und in legu usp le: gram, peas, beans.

2.Parietal placentation g
« The placenta is situategfon the meeting ABALJ;! ent carpels whigh may be two or more in

number.

« In this type of placenj@tion, the ovy#€s deVEiemgn the inner wals®™The Oyary.

« Ovary has a single chamiggr butgbpears to bef@louble-chamibered becaus§of thegh#mation of a false septum
called replum. It occurs Dicarpellary oM multicarpallary but unilOgg#®T ovary, e.g., Papaveraceae,

Cucurbitaceae- Cucumber, Muskmelon, Crucifefeae- Mustaid and Argemone.

3.Axile placentation:

« Ovules are borne at or around the center of a multi-chambered ovary (multilocular) on an axis formed from
joined septa.

« It occurs in bi-to multilocular ovary, e.g., Malvaceae, Rutaceae- Lemon, Orange, Solanaceae. Example: lady’s
finger, tomato.

4.Basal placentation:

« The placenta is situated at the base (bottom) of the ovary and a single ovule is borne on it.
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« This is found in plants of the family Compositae. Example: sunflower, mariegold.

5.Free central placentation:

e Here, the placenta develop in the centre of the ovary as a prolongation of floral axis and the ovules are attached
on this axis. It occurs in multicarpellary but unilocular ovary, e.g., Primulaceae- Primula (Primrose).

6.Central placentation:

« The ovules develop from the central axis of the multi-locular ovary.

 The ovary looks unilocular due to the breaking of partition walls.

o Example: Dianthus (family Caryophyllaceae).

7.Superficial placentation:
o Ovules arise from the innggMall §f the septa in Fmultiloculafovary. A
o Example: Water lily, {&Tus (familyqlymphaeac8ae).

GASPORANGI %
E Y & NUCELLUS

5 . INTEGUMENTS
The ovul in glgwaf”Is an in nted mag ANTIPODAL

within @hich the melsis and
which#evelops into a s
ovuleNg typically an

CHALAZA

STRUCTURE OF
(OVULE):

RAPHE

CENTRAL CELL

EMBRYO SAC -
€ TWO POLAR

inside ovalgWwhere it e
. S ] EGG

called placeng eith S (OOSPHERE) g
consists of gihucle dfl by one orfivo integ W'chm .
stalk called¥ffunic or Mnicle. In théStypical rop STRAND
ovule the jfinctio twefn an ovule and a funicle which is HILUM
1Sed with body gft g8 beyond is called Rilum, MICROPYLE i s

hich later becoMe€s a gcar on %é'r It gives rigeyto a Structure of a typical ovule (anatropous ovule)
pngitudinal ridgejCalled@raphe 4 ;.6,. SecQntains a ular .- o o Bior to fertiization.

rand for the supply of ishiferftiedte waumeys

ﬁ '\ \\uwry
: ~Swwr”

uival@nt to mega
ve (cg@ssinucellate
ts) or@vo (bitegmic

may De surrotMged by three
.*Ium). Free S@gfaces of
passage at one ghd of

le or the place of gFigin of

The body @& the e
sporangium$Cells
ovule) or thirtenui
ovule, e.ggMonocots'an

p
integugs®nts (tritegmi*
nuceMws and integuments are cove

the ov@e. It is known as m
the integlmen i
There is geferally a sinGje emb icfopylaggfalf of the Ellus.
Integuments (endotheliufp): In m nts belongin t petalae Wi unitegmic, tenuinucellate
ovules, the nucellus degengrates at an ear [@M nd the innerrgost layer of the integument
becomes specialized to pfrform the nutyitive functi embryo sac. This specialfged tissue, present around
the embryo sac, is calleff endotheliu siferentiation of endoias®Wyer is also kfgwn in some plants with
bitegmic ovules. In thestggses it isgerived from ihe inner epigermis of theNgner integgMent. It may differentiate
even before the disorganizatiOmgi#the nucellus. Tle occurrenge of endothelilfg Jyg®Deen observed in 65 families
of dicots. In 47 families it forms a diagnostic featdlfe.
The endothelium is usually single layered. In Ast@iaceasskinilty become multilayered: ten to twelve layered Ex:
Sunflower. The cells of endothelium are radially elongated and rich in cytoplasm and store starch and fats. They
often become polyploid.

The endothelial cells are separated from the nucellus by two layers of cuticle, one of nucellus and other of
integuments. The cuticular layers later fuse. In addition to the cuticle, the cells of the endothelium also show wall
thickenings. Normally, the endothelium covers the entire embryo sac. However sometimes it may remain confined
to the lower two thirds of the chalazal half or to the micropylar end of the embryo sac. The time of differentiation

asal part of afjlovule just oppg

termed as.chel®7a.
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of endothelium and the duration of its activity are also variable. In some families the endothelium persists as a
distinct layer in the seed. It forms a pigment layer in Polemoniaceae, Plantaginaceae and Linaceae.

At the ultrastructural level the endothelial cells exhibit features characteristic of meristematic and secretory cells.
They possess high concentrations of proteins, RNA, carbohydrates, ascorbic acid and enzymes. The endothelila
cells are in communication with each other and with those of the integument through plasmodesmata.

An interesting feature of the endothelial cells is the development of adventive embryos.

Although detailed structural and physiological studies concerning endothelium are lacking, its presence around the
embryo sac and its cytological features suggest t may D@ functionally similar to the anther tapetum which
surrounds the sporogenous tissuegFor this reason ghdothelium@is also called intggumentary tapetum.

In the Begoniaceae, Drosergg#®e, Bjatinaceae and fFabaceae th@persistent nuggflaraglls form an endothelium like
tissue. Because of its digffent origir§t has been g8llled false enflgthelium.

Micropyle: Depending uf@n the presence or absence of integuments, the micropyle ma#for may not be organized.
In bitegmic ovules the micRgpyle is gener Ilm%h%ht integuments gffonly the inner integument.
Only rarely does the oute ute the mic |QQ7 oth the M§gguments are involved the
passage fg gDy theglter int that by tHed integurit is callgs®gdostome.

The exg#fome and*Sgliostom
by theghucellar cap and t
acrodgthe exostome f
synthesi2gg chemotro
micropyle.

ed witfgs®exudate Qiven out
iemof a thin sheet of Raterial
eposition of syd®rgid-
llen tube tog#Miter the

Obturator FAny
generaly referred
istiewel®Fent. originate from placenta or funiculus, or both.,Tih@\\most c

e of 'Ol
ne formed by logal8welling of the f ﬂ s (Acanthacgae, Anacardigﬁ’ﬁ,imaceae aﬁaceae). Placentg
bturator occurs we E phorbia FT1T L L\

r pro a

peEman
vollen the M- (ong e optufator. The cells g
a i on, mechanteakand chemigal g nce PR pollen

Nucellus (cr} sinuc?e a

TYPES QP OVULE:

Depegghng upon the cé*urati nd orientatio%e f
ovuleqn relation to funiculu Six types‘ofovules

1. OrtNgtropous oratrop -straight, rlhpous -

turn)
e ovule ygrect o J The hilum, chalaza and

' BALLI

the micropyle lie in a straidit line e.g"
2. Anatropous ovule (angf- backward or

ecomes completely inverted during the
icropyle licg/very™Shagggto the hilum (gg

d thegnicropyle is
atonly and extent

the obtura
tube.

The body of the ovule
development so that thg
Gamopetalae members.
3. Hemi-anatropous or hemthggous ovule
The body of the ovule is placed transversely at ri
funicle. The micropyle and chalaza lie in one strai
4. Campylotropous ovule (kampylos - curved)
The body of the ovule is curved or bent round so that the micropyle and chalaza do not lie in the same straight line.
e.g. Leguminosae.

5. Amphitropous ovule The curvature of the ovule is very much pronounced and the embryosac also becomes
curved e.g.Alismataceae, and Butamaceae.

6. Circinotropous ovule

Six different types of ovules in angiosperms
A, Onthotropous. B, Anatropous. C, Hemitropous.
D, Campylotropous, E, Amphitropous. F, Circinotropous.

t angles t@the
[ Ranunculus.
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The nucellus and the axis are in the same line in the beginning but due to rapid growth on one side, the ovule
becomes anatropous. The curvature continues further and the micropyle again points upwards (e.g.) Opuntia.

PRIMARY

MEGA-SPOROGENESIS ARCHESPORIAL CELL
(DEVELOPMENT OF AN OWLE\
ovu LE): PRIMORDIUM {iﬁ

A
Ovule develops as primordium and then AR

POLAR  gecoNDARY
NUCLE NUCLEUS /

mound of nucellus over p#Qenta. p MEGASPORES
Initials of integuments deye®p froMits =3 2:5\?

base. They grow and cgne to surrouiy O
the nucellus on all sides efcept at the tip &
or micropylar region. In th@hypodermal
region of nucellus tggvards th
micropylaggend develg@S a pri
archespg#fal CE gFows in

D FUNCTIONAL W&
MEGASPORE

Development of embryo sac.

S > -~
develogf a prominen nucleus?' ' =
The Wghesporial cel ﬁ?n / pr "N \% )

Micropylar end Micropylar end

divides Ogge int ter
primary parigtal or
and inger
sporogeno ce
paricialcallimay div
ore times. e
porogenous cel
nctions directl digloid ¢ |
egaspore mother_ ce
megaspoTogyte. m
megaspore§ mo
(MMC) enlges i
undergoes nRiosis rm Synergids

linear tey of 4 "haploi Oy Egg L\
megagglres. The proﬁof ¢\ cenrra
meio¥¢ formation of Haploj oon
megasfgres from diplé ¢ 2 polar
megaspe @il Ngell isd /) nuce

~ Megaspore tetrad

Antipodals

Polar nucle
Central cell
Egg

called 20asporogagesis. Antipodals [ Synergids

Commonly the chal@@al -7

. . ——= Filiform apparatus
megaspore remains functighal Micropyiar 6nd
while the other 3 degenejfte. ® (c)

Fig. 2.7 (a) Parts of the' ovule showing a large megaspore mother cell, a dyad and a
o tetrad of megaspore (b] 2,4 and B-nucleate stages of embryo sac and a mature embryo
It occurs inside the nuce sac (c) A diagrammatic representation of the mature embryo sac.

of developing ovule of \V 4

angiosperms. The process begins very early whenfucellus is ot completely surrounded by the integuments.
Development of Female Gametophyte (Mega-gametogenesis):

Following are the different stages of development of female gametophyte:

(i) The functional haploid megaspore is the first cell of female gametophyte of angiosperm.
(ii) It enlarges in size to form the female gametophyte, also called embryo sac.
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(iii) Its nucleus undergoes a mitotic division and the two nuclei move to the opposite poles, forming the 2-nucleate
embryo sac.

(iv) The 2-nucleate embryo sac undergo second mitotic division giving rise to the 4-nucleate stage.

(v) The third mitotic division gives rise to 8-nucleate embryo sac, which comprises of a micropylar end and a
chalazal end with four nuclei at each end.

(vi) Out of four nuclei at the micropylar pole, 3 differentiates to produce an egg apparatus consisting of 2 synergids
and a female gamete egg cell.

(vii) Similarly, at the chalazal end, 3 out of 4 nucll™a
cellular wall differentiate as antiggdal cells.

d together and are surrounded by cytoplasm and

(ix) Thus, a typical angio¢ d 7 celled.

mon In an eq js know ordinary type or normal
type,

known ; only one
end s functignal an : iMjng three
andgifally disappea‘

TYPE MEGASPOROGENESIS MEGAGAMETOGENESIS
Megaspore | Division | Division | Division | Division | Division | Mature
mother cell i I i v Vv embryo sac

==L
= 90| Q&
== 90 066

Fig. 3.8 : Development of different types of embryo sac in angiosperms (after Maheshwari)
[Micropyle above in all llustrations)

one then
divides and forms two n I undergo two successive
divisions and form usual . aspore nuclei take part in
the development of embgfo sac i.e., bisporic type, €.0., illa, Trilli Y iliaceae.

embryo sac without any wall. Out of four nuclei f@'med, one @ucleus remains tOwards the micropyle, and the rest
three at the chalazal end. The chalazal nuclei fuse form 3n nucleus. Both the cells thus undergo one
mitotic division and again form a tetrasporic stage. Out of four nuclei, two remain at each pole.

All the nuclei then undergo mitotic division and form eight nuclei. Out of four haploid nuclei at the micropyle,
one egg and two synergids are formed, those remain at the micropylar end; three triploid nuclei at the chalazal end
and one from each pole remain at the centre (one haploid and the other one triploid), e.g., Fritillaria, Tulipa and
some other members of Liliaceae.
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STRUCTURE OF MATURE EMBRYO SAC (FEMALE GAMETOPHYTE):
In angiosperms, the female gametophyte is called embryo sac. Embryo sac is an oval multicellular haploid structure
which is embedded in the nucellus towards micropylar half of the ovule. It is covered over by a thin membrane
derived from the parent megaspore wall. The typical and most common type of embryo sac, found in 80%
flowering plants is Polygonum type (Fig. 2.15).

It contains 8 nuclei but 7 cells— 3 micropylar, 3 ch aeeone central. It is formed by one meiosis (formation

MICROPYLAR END of 4 meg@spores frol@ one MMC) and three mitosis (inside functional

I e FUFORMAPPARATUS — megaspof). The thrdg micropylar celgare collectively known as egg
apparatugl(equivalent @ one archeggfium}:

ey are pyriform in outline alf®&re arranged igfa triangular fashion. The
three em-y ratus have conspicuols common walls towards
gﬁ Th ar d become @in towards the central cell.
d isc Or 00SHRere Jises 3 entral or
the cha¥ezal end. ARfiliform

|n|ng two cells ar&called

f them bears ajgform
I h halazal vag®0le and a

.POLAR
st NUCLE}

CENTRAL
CELL apparatus m

J-emeavosac  synergids

MEMBRANE @a

7 ANTIPODAL CELLS

CHALAZAL END
Fig. 2.15. Normal or Polygonum type of
embryo sac.

es atfthe time of
the second ©
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: )
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mpmEll
2y S noth‘cg(-i{i-illzentr
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nourishmerfi from nucellar ells, guide the path of pollen tube by their secrgfion

absorbers diing t ion of pollen tube into the:embryo sac.

elp i
functibn as shock

e tise cells Ofthe embryo
unding nuceNgr cells.
als possess a definige cell

antipodals cells ig#fich in

cells. They are th

The three gifalazal cells of
sac wi#€h may deger* r take part i ourishment frg
InterRglly they are conrtec eé with g central cel ean‘ plasmodes

. Antip
wall. i some embryo sa completelyﬂgsent The ¢ asm of

mitochoRdria, plas®Ofand

side Qother of the endosperm. Large
ﬁn servoir of algino acids, inorganic salts
| ization and endospern@§formation. In the middle,
arge nucleoI| The s Belei often fus@to form a single diploid

eus. Thus &l the cells offthe embryo Sgc are hag#td except the central cell
gogfecomes diplod due to fusi@in of polar nucRy

The central cell is the larg®t cell o 0 ac and is con
central vacuole is presentgh the central
and sugars) and Golgi hfdies which is used up u
the cell contains two pgar nuclei whj
secondary or fusion or O8§ggitive n

which is first bi-nucleate and

Egg Cell
The egg cell is located at the micropylar end of the embryo sac and ultimately fuses with a sperm nucleus to
produce a zygote. The egg cell lies adjacent to the two synergids, separated from them by either partial cell walls
or the plasmalemma alone. The distribution of cytoplasm within the egg cell is highly polarized, due to the presence
of a large vacuole at the micropylar end that restricts the nucleus and most of the cytoplasm to the chalazal end.

Synergids
The synergids are elongated cells which are located on either side of the egg cell at the micropylar end of the
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embryo sac. When two synergids are present they lie in contact with each other and partly embrace the egg. They
are pointed or hooked toward the micropyle.

The wall around the synergids is incomplete. There is a distinct wall around the micropylar one-third of the cell
which thins toward the chalazal end and finally disappears. As a result, the chalazal one-third of the cell lacks a
wall. In this region the protoplast of the synergid is separated from that of the central cell by double membrane;
one of the synergid and the other of the central cell.

A prominent structure, called filiform appa IS present at the micropylar end of the synergid. Its
differentiation from the synergid wall also exist.gElectron roscopic studies have revealed that the filiform
apparatus is a mass of finger lj ojections of th wall into tle cytoplasm. dghemical studies suggest that it
is made up of a number gfg#bDstance§yincluding cgllulose, hemi@ellulose, peci#n, callOSeagnd proteins. Structurally,
each projection of the fijiform apparafys Rasse™®8Te of tightly P@ekegynicy fibrils (posgibly cellulosic) enclosed
by a non-fibrillar sheatl§ They are rich in polysaccharides The form~of filiform agparatus is variable from

spherical, wedge-shaped ad may be irregul the entire length of gife synergids. The presence
of abundant starch gralns g young irt f m a fullygeveloped synergid suggest
that FA “s@egas to be fog mai stances transformed fro ins”.
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mitochondria in the synglgids, central gPhiggand antipodals suggests a b etabolic acity. By contrast, the egg
Qlatively quiggsent.
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Double fertilization — pollen germination

Pollen-Pistil Interaction:
Pollen grains are deposited on the stigma either due to closeness of the anthers to the stigma or by pollinating
agents (biotic or abiotic). This unique feature brings about pollen-pistil interaction between the male gametophyte,
the pollen grains, with the massive sporophytic tissue.
A successful pollination brings about sequential events in the pollen-pistil interaction that ultimately ends up by
the discharge of the male gametes in the embryo s

Pollination — Pollen adhesion — Pollen hydration
- Pollen germination — Pollen tube entry into
stigma — Pollen tube growth through the style —
Pollen tube entry into the ovule and embryo sac
— Double fertilization

Fig. 6.1 : Stepwise events in pollen-pistil interaction .‘
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facB-coat s m :
[ o ilit increasing wat

infihe arf ts apldltﬂ toa reatggXtent on the natu
rlnsmln dry st éﬁ % contro pvater ter@of the sti
\"I/

int@y of tjie vegetative

- Stigma Papilla 3> IF Pollen Grain —>»
| Apertural pathway

ven below:

Protoplast — Plasmalemma — Protocellulosic — Cuticl Intlne—) Protop}ast of
wall 0\1 Exine pathway 2 vegetative cell

xudates hydration is vm%r instance

In a stigma with aqueou
lipoidal exudates and a
pollen grain thus gradu .
Ultrastructural and physiolo i i Brassica sh istinct phases of hydration.
During the initial phase, putative Signals are recip caIIy exch@hged between poflen and stigma. The second phase
proceeds with an invagination of the intine in th e and formation of a ‘foot’ of pollen coating that
contact the stigma papilla.

Freeze-etch preparation show microchannels at the papilla-pollen boundary through which water moves from
stigma to pollen grain but not between grains. The area around the site of pollen tube emergence is rich in pectins,
and one of the earliest visible alterations of macromolecules upon hydration is a loss of protein and pectic material
from the length of the colpial slit.

POLLEN GERMINATION AND TUBE GROWTH:

in Petunia th§ stigma is covered with a
ient through e lipoidal exudates. The
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The stigmatic surface provides the essential prerequisites for a successful germination that are absent in the pollen.
In wet stigma, the role of the stigmatic exudates in pollen germination is highly variable.

In Amaryllis and Crinum, stigmatic exudates are essential for pollen germination, however, in Nicotiana and
Petunia the exudates play no significant role during germination, since young stigmas free from exudates support
satisfactory germination of pollen grains.

In dry stigma, the pellicle plays a vital role

The stigmatic
surface also
provides boron )
and calcium
which are
required for
germination but
are deficient in
pollen. It has

s

vinifera
that cortagn 2-5
ppm of b

ube
flowering ‘
lants is ‘

at ‘
afllces. 'Fig. 6.6 : Fine stn
vesicles, ER, Golg
ov

w len
tubes reve that of Qe

cytoplagp® is restrict*o t
apical®” region while large
vacuoWg fills the grain a e

older regon of t be (

6.6). Th estric
to the apical region the ¥
growing tube by the formagfon of

series of callose plugs a
intervals behind the ti
6.7).
The callose plugs are form
ring on the inner side of the tu
wall and gradually grow toward
the centre which finally seals off
the growing tip from rest of the
pollen tube. There IS
characteristic zonation, in which
the apical region of the tube
possesses a clear cap called “cap
block” with more granular

=

— S

———
" ot
N

oY

Mitochondria

Endoplasmic reticulum
Pollen tube wall

Golgi vesicles

Lumen sealed

Fig. 6.7 : Different stages of callose plug formation in a growing pollen tube.
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elements behind. The “cap block” disappears with the termination of the growth. These internal components
exhibit vigorous “reverse fountain” cytoplasmic streaming.

However, within the tip itself the motion is chaotic and turbulent, with vesicles appearing to move in a random,
from the base of the clear zone to the extreme apex. There is marked accumulation of secretory vesicles often in
the shape of an inverted cone at the tube apex.

These vesicles contain components for cell wall expansion, because more vesicles are secreted than are required
to support the increased area of the plasma membrane. Actin polymerization is necessary for pollen tube growth.
Actin microfilaments (MFs) are involved in the traiSPOIt Of S@retory vesicles essential for cell elongation and is
accumulated in substantial amougis in mature polldh grains. Thg cytoplasm behigd the tip is rich in cell organelles,
lipid bodies, vesicles, and aggOpIagts
Pollen tubes do not grog#®iformly, Rt rather ig
with alternating bursts offast and slo Bwih.
Many underlying physiofogical processes also osc I
relationships to growth rat& For example tm

growth peak, while the exgfecellular hibits a 10-

ursts or pulsgs, In Petunjand tobaC®g, the tube cell elongates

Wlth the same frequencygbut with varying phase

t oscillates in ghase or slightly behind the
QQ * also oSellates.
ified. HOWwever, thad®@e number

To date, g pecificgMy associ pollen germaii A

of unidegtified protets (> 23 : S ests tMajg®May be Jemature
to congfude that none of them : jon.

Someggarly gene produ@c in from tomato pef@ist in
germinatgg pollen. g ona i C tion, their pg#Sistence
during gernMgation 5 ' aithi

A pollen spegific ¢ ; anden i ' wom nize suggests
the presencgiof po 3 A gene 1§ transcribed

in mature aid ger
SO pollen indli R : /pium, O

rough the cell waIIs e.d., I|um The srhgrl with water an
ecessary mediu : glateS for its ger tion. The/@RUE s, refractive an
dhesive. These dfe‘tich i lipiés ‘.ﬁ'f,',-r.» amind¥@i

iama and Ky lebyc
contain an @abor
the stigma.
The digestiogof the
the intercell#@r subs
substanggfaccumulate
In stigma and soli
enters§he intercellular matrg

nally@row through
ough &goucilaginous

)*Ees and the polf8y, tube

the e

; TYL
In specieSp®et stifgoa an g 0 tedd ng tlMsgcrgion of the
exudates, thus there is N&yghysic ceIIuIa Ppaces of the tfansmitting

r poIIen tube entry int
tissue of the stigma. In ta ith wet s Hﬁ\ﬁt“‘e S grow on §e surface of the stigma and

enter the stylar canal.

In species with dry stiggfa and solid sjgggthe cuticle provides the phygisgl barrier for e pollen tube entry. The
cuticle is eroded at thedggint of con{gCt by the“a8livity of cutin®es release®l by the pollgh. After the digestion of
the cuticle, the tube enterSWge pegtocellulosic v@ll of the papillae and firfglly g@®s through the intercellular
substances of the stigma and the®tyle.
In Gladiolus and Crocus the pollen tube grows thrugh the mditilage accumulated between the cuticle and the cell
wall.

Pollen tube growth is a calculated directional cell migration, along the transmitting tissue of the style. In most of
the species pollen tube make their way to the ovary through the intercellular matrix of the transmitting tissue or
through the mucilaginous matrix of the hollow style. The secretion product of the glandular cells of the solid stylar
tissue is deposited in the matrix.

It is a heterogenous mixture consisting chiefly of sugars, proteins, glycoproteins, and lipids. In several dicotyledons
and monocotyledons the transmitting tissue contains arabinogalactan proteins. This glycoprotein is style-specific,
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and its presence in the cytoplasm and cell walls of compatible pollen tubes growing in the style have favoured its

role in the nutrition, growth, and guidance of pollen tubes in the stylar tract.

In the hollow styles, the canal cells secrete a mucilaginous substance that later forms an extracellular matrix and

accumulates in the stylar canal. The major component of this secretion is again an arabinogalactan protein.
PATH OF POLLEN TUBE INTO THE OVULE AND EMBRYO SAC:

After reaching the ovary, the pollen tube enters the ovule through micropylar end. It then enters one of the

synergids through the filiform apparatus present at micropylar end. The synergids direct the growth of pollen tube

by secreting some chemical substances.

The tip of the pollen tube enters goe synergid, theflithe penetraied synergid starfg degenerating. After penetration,

the tip of the pollen tube. poWken tube finally pushes thr@ugh the ovulgg@nd®gaches the embryo sac. This

guidance into the ovuleg€1n terms oRgssential siglals originatifig from the gale and féMgle tissues.

Evidences obtained frofg the analysi gevelopmental mutantS™ ofmggfabidopsis, vig., bell and sinl (where

integument and embryo Qac development

in the ovule is affected) suggests that gghes active in the female
gametophyte play a crucial§gole in the si i S at%es len tubes to th§f ovule.
In fact pollen tubes are ays at@ es with a TURActi @bryo sacqhich confirms a female
nc

gametophiftfaggntrol gffbollen t e. &
The prigicipal sig ance iStidet

a. Theghost essential require n of male gamete §gd this
is aclgeved during pol isti the
manipulag i

b. The numB i ite géne i C iti Tfar greater
than the nu pvai ili 3 bjectdl to a tough

competitio i en-@istil interacti@h.
inate early and have a faster growing pollen tube, i.e., rousfare able to
ition arffomempakien

teraction can b

rains during po
onsidered as an j [Utionary sudE&s
to bring togethe

| It has a direct fa Tgfﬂ'-'f-" lant blr!!i!!
sisalle charact dht in differntiak, throu tion. N
Thus a bett@ und ) teraction wouldAGdoubt, ghablg the plangbreeders to

manipulate $e scr

ENNTUBE DISCHARG
ins WO sperms (each is

MALE GAMETES ( R

(@) The pollg#Ptube c e gamete).

(b) Whggollen tube 8 ; it bursts to relgfSe i tents i.e., Wy§Q sperms
along®Vith certain amo . i e e discharge ing#e of thg¥S§nergid.
Q ERTILIZATION
(a) Botythe male gsgpet pr i fertilisatig@sPTocess ospergls known g double
@idac , Potesjgmfceae and

fertilisatigg S theNgharac - angie Fxcept Fa%

Trapaceae. L‘J B‘?

It involves two types of fygion —

a. Syngamy (fusion of eggfcell and one male

b. Triple fusion (fusion gf remaining ngplggarnet and two proper nuclej

c .It was first observed & Nawaschig1898 itilaria and am. It wes
(1) Syngamy:

(@) One of the two sperms goes t@fertilize the egdicell. This f@ion is called syRgamy.

(b) It results in the formation of zygote, which giv@s rise to pr@per embryo.

(2) Triple fusion:

(a) The remaining sperm now fuses with the two haploid polar nuclei (present in the centre of embryo sac).

(b) This fusion is called as triple fusion (as three nuclei i.e., one male garnet and 2 polar nuclei, are fused).

(c) It results in the formation of triploid endosperm nucleus, which on development (Repeatd mitosis) form the
endosperm.

(d) Endosperm is therefore triploid in angiosperms (It is a characteristic feature of angiosperms)

(e) Endosperm serves to provide nutrition to the developing embryo.
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ENDOSPERM

Meaning of Endosperm:

The endosperm makes the main source of food for the embryo. In gymnosperms, the endosperm is haploid (n) and
forms a continuation of the female gametophyte. On the other hand, in angiosperms it is formed mostly as the
result of a fusion of the two polar nuclei and one of the male gametes. Since all the three nuclei taking part in the
fusion are haploid, the endosperm becomes triploid (3n).

In normal cases, the endosperm is triploid but haplgidetetranloid and polyploid endosperms are also known.
Generally the endosperm nucleus divides after thefdivision offghe oospore, but in several cases the endosperm is
formed to a great extent even bej@he the first divisi@h of the oosflore. However, giglosperm formation is suppressed
in two angiospermic familig® the Ofchidaceae an@ Podostemoflaceae. Theregfe twoNgges of seeds for storage of
food:
b) Endospermic or alByminous seed®The endosperm supply food TO%he developingfembryo. Such seeds are
called endospermic seed$j In plants like corn, e ghdosperm tissue is prgbent in the time of seed
germination. So these are efidospermic &

c) Non-gpdospermic ex—al eeds In some cases, sperm completely utilized by
developigh elMBgQ. seeds ds In d peasNge endedPerg tissue is
complegly digested¥®y the d i 20

Strugitire of Endosper

The C8§g of the endosp g ic. i ALeri storage food igggPesent
in the fofMyof starch ules 4 i i S m cells dgg€lop very

thick hard wghs of cell [ i bium. This
layer produg®s on ifS¥gsidegayers of thiggwalled ith Sarch) cellsgpf outermost
layer stops @ividi @ led with aleWfone gra ."The cellsWf this layer
secrete diadfase a her@nzymes. These enzymes dlgest the food stored in endosper for géglopirg embryo.

: format@

YPES OF ENIQPE M FO
here are threemera ypes
n) Nuclear type,
mlag type
(c) Helobia@type.
FREE NUGLEA PEW Areca catechu, Cocos nugifera):
In this typey the fgSH, divigion and usually se

following g#isions afe i'nacc ppanied by wall f

nuclei gffay either re in later sta
becofge separated by w:
As di

ions progress, the

periphergy thu ange cen

nuclei are\p#PEcially ag |cropylar and

ends of the sac and form ORby a thi e sides.

Generally the endospermyghuclei in th m Fig. 46.39. Development of andosperm. A, nuclear
embryo sac have been ofserved to be larger tha type; B, cellular type and C, helobial type.

micropylar end. The nyghber of free Baugliyisions varies in
different plants.
The development of the entgpegm of Cocos ndtifera of P@imae deservesgpeg® mention. Here the primary
endosperm nucleus undergoes a mumber of free nuglear divisi@hs. When the frult is about 50 mm long the embryo
sac remains filled with a watery fluid or milk cont@igiag.fteafiuclei and fine cytoplasmic particles.

At a later stage when the fruit becomes about 100 mm in length the liquid shows in addition to free nuclei, several
cells each enclosing variable number of nuclei. Gradually these cells and free nuclei set at the periphery of the

cavity, and layers of cellular endosperm are formed, and this becomes the coconut meat.
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MICROPYLAR END On maturity of coconuts the endosperm
does not have free nuclei or cells. In Areca
nut the development of the endosperm is
like that of coconut but the embryo sac

EMBRYO o o .
EMBRYO cavity is small and it is completely filled up
SAC by the growth of the endosperm, and later
becomes very hard.
8 The nuclear type of endosperm formation is
the most gommon type and found in maize,
lower, etc.
NUCLEUS (Cucumis):

s are accompanied by
d thus the sac is divided
ers, some of which may

HI veral ch
contain aan oneglicleus. M i % i
other cag€s, the pla fdivis§'w .
On the#basis of the orientationef wal i Bion
furth@gdivided into seveé}i
HELOR LTYPE:Q
This type isNgguen i

Helobiales. Jhis ty
and the celflar t .
followed by a tr

e Zcl cha
uclear and ma
nly. N
remurus is an e e <

T .mary ;91
forming

@x—ZYGOTE

MICROPYLAR
CHAMBER

v,

Fig. 46.41. Development of halobial type of endosperm in
Eremurus.

C
b cha ylar and a s

chalazal. Fge nu ions occur in both but are A

more rapid I} micropykar c@mber. Thus, when fo re formed in the chalggal cﬁer, eight nuclei are
produced inge micm

When tf alazal ch i i ei, and wh@ythere are

30 tag8?2 nuclei in chal er of nuclei.
In old® ovules, the chala ham , ation takes placg#in the
micropWar chambgsathe ch hambeta only a organgged nuclei.
RUMINZ2 \DOSRERM?

In certain plants the surfa®g of the lular endosperm shows Y;Qree of fagularity and Unevenness,
giving a ruminated appeargfice (rumin ﬁm% d either by@the activity of the seed coat
or by the endosperm itselffy Ruminate endospée i families of AngRsperms.

On morphological basig¥ Periasamy (28 distinguishes seven typesgnnona, PassRlora, Myristica Spigelia,
Verbascum and Coccolg@a and Elygg#ria. In dif"flese types ex@®pt tlytrarwg irregularitig® occur in the growth of
integuments which bring aD8gg.theglimination of e@dosperm. IrgElytraria duriNg the gg®elopment of seed, localized
regions in the peripheral layers %cellular endosp@m show aclive growth causW® rumination.
Mosaic Endosperm

Endosperm containing tissues of two different type€ alled mosaic endosperm. It occurs in plants like corn. In
this case, endosperm lack of uniformity in the tissues. The endosperm contains patches of two different colours. It
forms a sort of irregular mosaic pattern. The part of endosperm is starchy and part is sugary.
Perisperm

In this case, a part of nucellus may persist in embryo in the form of an apical cap. It acts as a nutritive tissue and
called perisperm. It occurs in some dicots such as pepper and water-lily.
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EMBRYOLOGY OF ANGIOSPERMS 111

Embryogenesis in Dicot (Capsella bursa-pastoris)

The development of Capsella bursa-pastoris (Shepherd’s purse) embryo is taken as model organism for the study

of development of embryo of dicots. Following developmental changes take place in the embryo Capsella bursa-

pastoris.

First division of Oospore Its oospore increases in size. It divides transversely in two cells. The cell toward the
micropyle end is called suspensor
cell. The cells towards other side is
cgfegl embryonal cell. Embryonal

ell G the major portion of
embryo.

Formatiogf of suspensor and
radicle: 4/ The  suspensor  cell
undergo€s few transverse divisions.

"7 roducB®short filameat of cells

& SUSPERGOL AT TRt cell of
su or enldfges very ch. It

eco sal cell. It pusi@s the

ryo n into the deygfoping
spensor €0 acts as
the nutrients.

pen adjacent to
cell'is called @ypophysis.

_Hypophy3s di further to form
;Y@*Q{cle. gs

) )\

pRoamati octant: The
Embijonalicell Feases in size.

| FifiAtes

tH divigronsss==T0
d|V|S|on

arwertica and one
i ansvalse. These
s f ight gioups of cells
octgnt or pro-8agbryo. The
octaﬁwards the ch¥azal end
al or anterior gftant.

djacent to suspeggor are

Frg. 145, Development of embrvo in Capeelle Sursa-pastorie. (Afler Soudges,
1014, 1919.)

The offfer four oct

asa lor oct
ormatlon 0 g]s and pi@mule: The epibasal cells
A two cotyle§pns and plumule. Further
dIVISI ccur in the cotyledonary cell§and bilobed mass of cells
is formed. Thesg @@ a primary coty§edons. The plumule and
gpicotyl is p@duced in (Rg notc een two depressions.
erefore, pldinule in dicot iIgg al in origin.
1 Z=izammsaiidn of hypocotyl: The hypobasal octants divide to

form mass of cells called hypocotyl. Hypocotyl is elongated. It
carries radicle at its tip.

Fig. ‘ages of development of Capselia bursa pastoris

13. Folding of embryo: The developing embryo increase in size. Therefore, it become curved or folded in different
ways. The way of folding of embryo in seed is characteristic feature of each plant.
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14. Formation of basic layers of
meristem: Two successive divisions occur
in octants. It produces three layers. The
outer layer is called dermatogen, middle is
called periblem and central one is called
plerome. Dermatogen gives rise to
epidermis. Periblem gives rise to cortical
portion. Plerome forms the stele in the
centre.

‘.'.'-%.32*1

EmbyyogenesiSgn Monocot (Najas

¢ |aC¥rata)
typical mongCot type of the embryo

ﬁment caiybe seen in Najas lacerata.
In first dNgision o ygote is
Iting iMeE formatRyn of an
the basal cell (Fig.
ell cb does ngjgivide
itself g0 a large
forrgs a part of the
). Ths the entire

it

FEY oy
LT

i

Sk g
e
=

5
[
L1

-5 R
L1 ]

Fig. 146. Older stages in development of embryo of Capsella bursa-pastoris,
(After Sechaffner, 1900.)

apgal cell ca.
ca c q : :
m pmeft, g
cb ci e ..
ci q B\ A (ﬂ e division an
B b sty B | ¢ and d. Of thes
m =~
B o v ‘ ides transversel
e oemUf8 of four

iIsd8rmed @ ig. 11.7 B).
ms at riiht angles to
0 distalygells (c and

to formation'gf two

osed tiers (g and m) of fou¥ cells

ach (Ei %7 C, D). In the ng€antime
ce es trggBverselyeto gfve rise to
n’ (Figfl1.7 D). Whereas cell n
»divides v&tically, »’ undergoes
transverse diW§sion giving rise to two
Is (0 and p Fi§. 11.7E). During further
growgh (Figg#®./ F-1) tier q gives rise to
singleqg@tyledon, m gives rise to the
hypocotyls. The radicle is organized
from the derivatives of n while o gives

rise to root cap. Derivatives of p form
suspensor.

Fig. 11.7. Development of embryo in Najas lacerata
(ater Swamy and Lakshmanan, 1962)
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PARTHENOCARPY:
Development of fruits without fertilization is called parthenocarpy and the fruits thus produced are known as
parthenocarpic fruits or seedless fruits, e.g. Musa
(Banana), Psidium (Guava), Pyrus (Apple), Vitis
(Grapes) etc. The term parthenocarpy was coined Mechanism of parthenocarpy
by Noll (1902).

Types of Parthenocarpy: Pollination & -

Nitsch (1963) has recognizegsthree types of Brdiation ’ "‘“"“jl

parthenocarpy: V

(a) Genetic parthenog@rpy: Severd§ cultivatiag Active GA Active GA
synthesis in synthesis in

well as seel ruits.

plants have both seeded
These seedless fNits are form

ovules/seeds fruit
. ¢ lomg v v
parthenocarpically due W hybridiz 0
0 \» | Seed development == Auxin Fruit development

mutation. The famous sgflless na
(Gorguet et al., 2005)

orange wz€ 08wglopedgdfom a no
variety #f Citrus ti®Ugh mu

that ggew out into a branche

(b) nvironmeRt
Environment@ conditi Q0 i i i rmal §Mctioning of
reproductivefibrgan [ i ne h&§ps formation
of seedless gruits i ves arthenocar fruits S i a@relatively lowggemperature
(6° to 10°Q¥ at th e offlanthesis, in Pears by placing its flowers to freezing temperafire fﬁto 19hours.

) Chemically |chd
rowth regulator
b 1% Solution o

ST RS
‘ himann (1&) gave the idéa ‘ [ auxin and othg
ulatory effécts on the fe i pplication of 0.

a-NWetic 5\ etic acid, phen

|bbe
Significange of P :
1. Partheno@rpic Tigits haYg an increased proportion of.edible part than in normal fr

2. In horticulure se@s friits are suitable either tion or in the preparagon ()wls andfjuices.
* POL. ONY: Y
Meaing of Polyembryony.

The pfpomenon of the déeye ment : e?r fertilized ovum & called

polyembOgyon . sinb als as Wehmagnlo embry@Tage seengh certain

animals {9 parasitic F ere up to 2,000 embryos may gote.

In plants, this phenomeno was fir ntoni van_LeeuWentoek (1719 orange seeds. In several
? d as an impo

172
o4

gymnosperms, the polyemi@ryony is so co pnt character of this group.
In majority of the gymn@sperms showjng polyembryony, usually two gr more arche§pnia develop in a female
gametophyte. And as eg@h archegoni OMRiRS.2N €00, tWO OLLaeue ] ed and thus two or more
potential embryos may D8ggeated. #nly one emidgyo, howeveld survives ust he others perish during
the course of the development®
Polyembryony can be broadly categorized into
1. True polyembryony: Many embryos are develof gle embryo sac.

2. False polyembryony: If the ovule carries more than one embryo sac & embryos develop in each embryo sac.
Polyembryony may be of following two types:

1. Induced Polyembryony: It includes cases of experimentally induced polyembryony.

2. Spontaneous Polyembryony: It includes all cases of naturally occurring polyembryony.

Yakovler (1967) has distinguished two types of spontaneous polyembryony:

(a) Gametophytic:

ay be fertil
glly, and

0 groups
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Arising from gametic cell of embryo sac.

(b) Sporophytic:

Arising from zygote, proembryo or initial sporophytic cells of the ovule (nucellus, integuments). Embryo
development can also be made in culture medium (induced polyembryony). The embryos developed in culture
medium are known as adventitious embryos, somatic embryos, supernumerary embryos or embryoids.

True Polyembryony takes place in angiosperm due to:

1. Cleavage of proembryo:

2. Development of many embryo from synergid, a
3. Development of many embry:

, endosperm except egg.

It results from the cleavge of the zyg rlier stages of its de
e.g. Nicotiana rustica, ¥gotoma longiflora, Lobeli ﬁythronium. Cleavage polygmbryony is common in
|M
go

gymnosperms, but it is of 4 %
te Is norma. FQ'Ebryonic , many cells at distal end

In Erythronium america

ig. 2.39)"
pus, aw em re forngd from or c%'oemb

EMERAYOGEMC A
LASS

Fig- 235. A-C. Cleavage polyembryony ¢ A Embryonic mass formed by the basal cell of the zygote in EryHtontun
arericanun, B-C. Differentiation of embryos from the cells of the embryonic mass.

, additional embrytcyy ap
P .

DECENERATING
POLLENTUBS

g

ADVENTIVE

FIREMENYDS
P

NUCLEUE

Fig, 236, Pudyeémbiyony - A. Development of embeyn frms antipady) cells. BLC Adventive pro-ambnies dev vhiped from
e collv of nuocllus (they grow aloni wilh thes avgotit cmbie)
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antipodal cells (Fig. 2.36) develop less frequently (e.g. Ulmus Americana, Allium odorum). All the antipodal
embryos may not remain viable.

3. Embryos from endosperm:

Embryos developing from endosperm have been reported in Balanophora (Treu, 1898), Alnus (Woodworth, 1930).
However, Ernst (1913) found that such embryos develop from egg, got embedded in cellular endosperm.

4. Embryos arising from the cells outside embryo sac:

Cells of the nucellus and integuments have also been gbseryved to develop into embryos e.g. Citrus, Eugenia and
Mangifera. In Spiranthes, additional embryos havelbeen reporfied to be developing from inner cells of inner layer
of integument (Swamy, 1948). embryos subs@quently corfie to lie in the erglyyo sac and are nourished by the
endosperm. According to Jg#Berlafgt (1921)” Stillhulus for pdlyembryony igfprovRigd by degenerating cells of
nucellus. (Necrohormo eory)
Practical value of polydgnbryony:
Nucellar adventive polyergoryony is of great signifi in horticulture. The adventivglembryos provide uniform
seedlings of parental type. Qucellar seedli Mml ettaelones than cufings. Cuttings form lateral
roots and nucellar seedlipg® develop etter root system). F&Qﬁeedlings QoW restoration of vigour.

Moreovegynt®eglar erg yosare@ disea &
V APOMIXIS: 0

Sexu@greproduction (A

plants adgrmal kind
develop int0Qp embr:
reproductiongwher e is

Types of Apomi a
MEE AR

amly of t\ape
. Vegetative re
3 uaEman

SAGREIAS)CT M ’ KX Y \\\:‘I‘='l”l
In this casegembr inside seéd by abnorma cess. It is two fyPes™”

(a) Adventiye Emb y:
Developmegfbf emb¥yo dire

rtilisation. But ig#some
ergid, antiggtal cell)
De of sexual

> /[i’i\\\
A /8RR

(b) BEDlospory:
MegaSgore mother cell wi
withoutNertilisatig is al n as difaig Parth

hou

(c) Apospory: ' 0
Development of embryo gfc directly cﬂoBJHL‘SO& to Pancharl@ni Maheshwari; Apomixis

maybe of two types.
1. Recurrent Apomixis: 4t consists of
2. Non-Recurrent Aporiggs:

jploid egg develop gnbryo

ative propagation & agamgss

y.

It is of two types:
(a) Haploid Apogamy: Development of embryo fr@m cells ingide the embryo sac other than egg.
(b) Parthenogenesis: Development of embryo from egg without fertilisation.
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SEED - STRUCTURE OF DICOT AND MONOCOT SEED

A true seed is defined as a fertilized mature ovule that possesses embryonic plant, stored food material, and a
protective coat or coats. It serves the function of perennation, dispersal and reproduction of the parent plant. In
angiosperms, the seeds are enclosed within fruits. The structure of seeds may be studied in such common types of
pea, gram, bean almond or sunflower. They are all built on the same plan although there may be differences in the
shape or size of the seed with the relative proportiqof various parts.

There are hundreds of variationsddl the seed size, sffape, colourfgand surface. Thegseeds range in size from tiny dust
particles, as found in some gg€nidsyjo large doublg-coconuts. Bhe seed surfagf mayage smooth, wrinkled, striate,
ribbed, furrowed, reticug@e, tuberculie, alveolatalf hairy, and pllpy or havigl patterns T finger prints.

In the seed, life activiti§g are temporat spended in order to eff®iggthe plant to s@ccessfully pass through
unfavourable and injurioU§climatic conditions. On t oach of favourable conditiog, the seed resumes active
life and grows into full pRnt. In the fo ﬁ_% n lﬂarrled to lo dlstances without special
precautions. PACENTA

GenergdStructure aSee 0

A seeff is generally magde of

coat@gd embryo. é}

(a) Seed%ggat:

It is the pro®etive

derived fromfone o

the ovule. fUsual eed

layered. ThE oute ka

g==1cola, t

embranous lay cal
rface of the semoss ses a fi

hard layer is
thin inper

one end. It is ed
salso ar call ilu .
where funi@ulus alk Wf the seed

borne. Song see S0

(place of origin of sm
(part of funig®lus fu

(b) Emi#¥o:

It rep€sents the dorma ture p

remaiNg enclosed W|th|n eed C

The erfpryo cQus is or

tigellum @ ch are ttach in
monocotyledonous seedSy, or t
dicotyledonous seeds) sgffd leaves

cotyledons.

The embryo axis consggts of plum
epicotyl, cotyledonary®gde, hypocgle
and radicle. Plumule ré®wgseny’ the L. Gy % 1 : :
embryonic shoot while radicle reffresents The two disected cotyledons. D. Peeled scedcoat. Fio. 32. Lablab Bean (Dolichos lablad)

: ) B Wholo sced with prociment C. Kernel after removal of scedcoat.
embryonic root. The embryo axis has a g, _m?‘.ﬁ dpsioni o ol argsa s sl neagrt bt ;

- ie; , cofem tmtigellum; p=plumule; r=radicle;  ss.=
node called cotyledonary node that bears ey & et e L ttyls . hymocoryl; s —strophiole; ;f_m i
one or two cotyledons (= seed leaves). plumule

The part of embryo axis between plumule and cotyledonary node is called epicotyle and a similar region between
cotyledonary node and radicle is called hypocotyle. The seed contains reserve food either in cotyledons or in a
special tissue called endosperms.
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Type 1. Dicotyledonous Exalbuminous Seeds:

A typical example is common pea (Pisum sativum). On carefully opening a mature green pod along the dorsal
suture the placental tissue is seen to spread along the ventral suture and the roundish seeds are seen arranged in
two rows along the length of the pod.

Each seed is attached to the placental tissue on the fruit suture by a stalk called the funicle. The funicle is narrow
at the placental end but widens into a disc where it joins the seed. When the mature seed is detached, funicle leaves
a scar on the seed called the hilum. Next to the hilum is a pinhole opening on the seed coat which is the micropyle.
If the seed is soaked, wiped and then squeezed, waper 1S Seen (@ooze out of this micropyle. The seed is covered by
the tough seed coat (testa) of a light colour.
The tegmen, which is delicgig®andgpompletely adierent to the fnner side of thg’teStagls not distinguishable in the
mature seed. On openi e seed cO®g the kernellicontaining efabryo) is obiined. In 1T¥e two fleshy cotyledons
(stores all the nutrients r@guired by the'\gue®img seedling) are very comsmigious.
The two cotyledons are higged to an axis (tlgellum S %pen out like a book. Jhe tigellum represents the

axis of the future plant. On@end of the ti out of the copgledons.
This lies next to the micggPyle and i he protfagling radicle lies under the
pouch-likg®Rmgasion g e see IS not Neguoved.

The othgf end o igellu bud O uture Wlant and

ort erudl
ible-aven henthe

develgs into the shoot. The oint of attachmen§of the
cotylggons to the tigelluré{h sence of the first teral
buds in"tgaxils of th e .

The portion@kthe ti ju @ : icle 28d no calleqg#€ hypocotyl

and the portifh just : | m

All the dicof/ledo i y riatials in details.
In gram (Cj@er arij i er. O seedicoat, below
B, there | more prom nent scar, the strophiole, which |s/9§gq_gleft by afuni outdy ey
he brown seed is thle testa gyt HN Usqinner side a ery white mm&’u§ layé mam distinguished a
ryo loes ’ﬁimﬂ! that of p cept in shﬂ)!

e tegmen. The

here are various% 866 '.O.ﬁ'ﬁ Dol b is v (?W gk Qr in the pod as i

aSmlicy are lan ﬁ The sewwtes &1 is very hard ag
black, broviln or r . e is extended | ong raphe w |'§’seen a®ve thedilum. #'he embryo

is as usual.
onIy one cotyledoize Grain (Fig. 5.1#9): h
S _ ay be Wh|f§ 4iolet or red ing®@ our. I* a sm_ooth and Sljning
Is(l)J(r)ZaEIy Th: Sggglllnl c;g:(caey flattOggd. It is atta ﬂt cob by its g A AFUSED

The broaSeLs® 1s roigdish. PAPILLA
broader end the upper€lat sur'@ FERNSLLE O
contains a small papifla which :
represents the remains of ghe style. On
one side of the grain a gimall, opaque
whitish, deltoid area seen to B
distinctly marked out fro e regifn.
The embryo lies embedded this
area.

Internal Structure (Fig. 5.136 B):
On the outside of the grain is present a
single thin but hard covering. It is
formed by the fusion of the seed coat
or testa and the fruit wall or pericarp.
Below the grain covering are present
two structures, endosperm and

Type 2. Mgg cotyl%s w
ExternggStructure (Rl
Maizg@Qrain is a single

Fig. 5.136. Structure of Maize grain. A, external structure. B, L.S. or V.S. grain.
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embryo. The endosperm occupies most of the interior of the grain on the broader and the lower sides. It consists
of two parts, horny aleurone and mealy storage.

The aleurone region lies immediately below the grain covering. It is 1-3 celled in thickness. The cells have thick
walls and dense cytoplasm filled with aleurone or protein or protein grains. The latter produce enzymes during the
process of grain germination.

The storage region of endosperm is whitish or yellowish. It has large thin walled cells with disintegrated cytoplasm
and rich in starch grains. The cells also possess fats and proteins. The embryo occurs in the pointed part of the
grain, mostly towards the upper side.

It consists of an embryo axis cogdgining a radicle, @ plumule alld a single laterahcotyledon. The radicle (or future
first root) lies at pointed engg® th&grain. It has tWo protectiv@sheaths, innegfootegp and outer coleorhiza. The
plumule (or future shoo@les toward§the broadedkide of the gigin at the otig€r end of EMiryo axis.

It bears a few rudimentaily leaves and Q@@®ICal protective sheath KoWggtS coleoptile. $oleoptile has a terminal
pore for the emergence ofirst leaf during germlnatlo e sheath is capable of growth It assists the future shoot
in passing through the soil §uring germln M

The single cotyledon of Ngze grain

grain. Thgromggmost |ger of s
layer. It46 both seCrefOry and
The egthelial layer secretgs h
into #§g endosperm for t

enzymeSwgggquired for [
food. The sOWgbilize [
by it and thepitransf to

axis. Roughilyy in t idd|

axis arises gvasc tra

i Otellu e plgce of origi
f the vascular st frofih the e
Xis is called cotwona node.

um. It oc jer portiorf the embryo region of the
of endo embryRyis knowss®epithelial

Fio. 41 Fic. 42
MonocoryrLEDONOUS ALsumiNous Seeps. Fic. Seed (fruit) of Maize.
A. Whole grain. Note the triangular position ol' cmbryo B. Longitudinal
section. C. Embryo in Ls. Fi6. 41. Seed (fruu%_of Wheat. A. Whole grain.

B. Embryo showing a part of endosperm in Ls. Fo. 42. Seed (fruit) of Rice.
A. A grain of rice showing sectional view of a bit of endosperm and embryo.
B. Lower portion of A magnified.
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PALYNOLOGY
POLLEN MORPHOLOGY

The science concerning the study of pollen and spores is called ‘palynology”, and this term was coined by Hyde
and Williams in 1945.

“Pollen grains” or microspores are the male reproductive bodies of the flowering plants, while the term “spore” is
very loosely applied to several types of reproductive bodies in algae (e.g. zoospores, exospores, endospores,
akinetes, etc.), fungi (e.g. conidiospores, ascospguesmikea@spores, basidiospores, chlamydospores, etc.) and
pteridophytes. Pollen grains develop in the sporog@hous tissuefpf anthers or microsporangia in angiosperms.
According to Zetzsche and Vi 931) the outerfvalls of pollg&n and spores aggMggde up of a pectinous substance
called “pollenin”. Its chegfCal forMaula is CooH@lo (OH)s. T protoplasnOf polfgygrains contains proteins,
carbohydrates, lipids, vRamins, horm8ges an mes. It also ®emigins tra@ts of some ig@Brganic substances such

as Mg, K, Ca, Cu, Fe, Si, S and CI.
IT TURE
ITS:

The pollengggains are prg ced WI ther of the flower PoIIe &s origMgte from the sgorogenous

tissue of ghe arteguich late eioti
The polfen grains dd not re unlte aturity, are di into
Somgifmes rarer typew ads pollen grain i gral

grainSygge also observ

e pollen®*grain calledg§monad.
and Polyads (many¥gollen

Fig. 4.1 : Pollen units (A = Monad, B = Dyads, C = Tetrahedral tetrad, D = Tetragonal tetrad, E = Rhomboidal
tetrad, F = Decussate tetrad, G = T-Shaped tetrad, H = Linear tetrad, | = Cryptotetrad, J = Polyads, K = Pollinia)
T i ol i
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CHARACTERISTIC # 2. PO e
POLARITY:

Some Common Terms:

The orientation of polarity is
an important criterion in
identification and description
of pollen grains, as apertural
position is of primary
phylogenetic and functional
significance. All pollen graj
are in tetrad stage
development and the p
is determined in this s
prior to their separation.
The part of the pollen

Distal pole

Proximal pole

A

of the
d that towards the¥ Fig. 4.2 : Polarity (A= Showing polarity in terad stage: B8 = Showing the lerigth .{ polar axis (PA) and breadth

) a? of equatorial diameter (ED) in a monad grain)
ifpofito ) |

The plane
diameter).

A RSS
rpalar. 71 T AN
Eartnot be distifguished in indiVidBaPs (moffad) separation fro

| | Iaror%!;ﬂ ﬁpen ng the demarcatio
i 3) A\
e NS4 ﬂ
elow the equateFial plane)fook.alike.

or@tural

he pollen grain
apolar spores,

£ F

Fig. 4.3 : Polarity (A = Apolar; B = Isopolar, C&D = Heteropolar, E&F = Paraisopolar, G = Cryptopolar)

The pollen grains showing slight differences between the distal and proximal faces are also called paraisopolar or
subisopolar (Fig. 4.3). Say for example, one face (distal) is convex and the other face (proximal) is plane or concave
or vice versa. Their equatorial plane is usually more or less curved. Sometimes there are small differences in the
surface details of the two poles viz. Carya, Ulmus, etc.

In some bryophyte spores like Calobryum dentatum, Haplomitrium hookeri, the distal and proximal faces have
dissimilar sculpturing and lack tetrad mark. This type of spores is called Cryptopolar (Fig.4.3).
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CHARACTERISTIC # 3. SYMMETRY::
Pollen grains or spores are symmetric or asymmetric.
The asymmetric grains are either non- fixiform (without fixed shape) or fixiform (with fixed shape). Asymmetrical
grains have no plane of symmetry. They are rare in occurrence.
The Symmetric grains are either radiosymmetric (radially symmetrical) or bilateral (having a single plane of
symmetry) (Fig. 4.4).

In radiosymmetric grain the shape is

such that any plane including the
polgr axis that passes through will
. pgPauBy identical halves. So, the
adiosymIm@ggic grains have more
than two vegiical planes of symmetry.
A B C D

Radially synmetrical isopolar grains
have onegforizontal and two or more
'ﬁ/ertical pRges of symmetry. _Radially
L4 etricalNgeteropglg#gains have

Fig. 4.4 : Symmetry (A & B = Radially symmetric, C & D = Bilateral) ontal D@0t symmgtry.
eteropolar pollerfygrains
etry, one horizon@®l and

?Iane of sympa#try with

intigesis a h
arﬁer he

. Bilateral isopol’ains have three

-shape n there is ofly o
CTER OLL
Intine and Exine:

The protopfasm o polden grains is enclosed by a wall made of intine and exine.
ig. i of an inner homogeneous Iaxr (called ending.ge.nexine a

haveqo vertical plane
two vertiggls. In some
an opening t&wvards

do

C

aline layer.

yer (called ecti
ctine and Endiné®
ctine is the oute er i is thej r of exih® B a -:’l
bebaiaellae and . ) waamy
Ml : S\ 1 /4
The radial fbds w led columeNge The columellae @ éither
to form a la§er cal i
Exine Ornafpentat

e a!ﬁr tipsgpr are fused

Various typg#Pof orn urface. As mentiong#l ab he ecti§ge of exine is
composggPof radial rq*r ces of columellg#” are Dlight and the 'Wgervening
regiafs are dark, the pa [ ig. c i grain fused to form O¥gferent
types § patterns having de mﬂ nd the intervenig#areas een lumina (calledgnuri).

When ajpetwork_issproduc i uri itis*ealled reti .In't late paftern, if thghe is the
incompletg Jigson of Sylumel i i e circula sely pifited Tomjgal is called
foveolate, 1f there are cifglar but®di laced lumina it is call mina are elohgated it is

d?ﬁjlate, i
called fossulate, if lumina g@fe parallel ﬁnem anastomosWg it is called rugulate.
The exine ornamentationlfis called areolate ork surrounds islafgds of raised areas. If the
excrescences (outgrowt(@€) on the exingragg in the form of very minuteggsgnules the pat®rn is called granulose, if
the excrescences are ingge form of g@inules Withiipointed or bt ends it Wcalled spinudose, if the excrescences
are in the form of rounded Wgts constrictedfpase it is calfied gemmate, agd if pases are not constricted it
is called verrucate.
When the outgrowths on the exine are in the form @ tubercles
ends the pattern is called spinose, if outgrowths are TOC
it is called clavate.
LO- or OL- Pattern:
In LO or OL pattern ‘L’ (lux) stands for “light” and O (obscuritas) stands for darkness. At different foci, a varying
pattern of bright and dark islands is observed. At the uppermost focus, the depressed ends on the surface of pollen
grains appear dark, and this darkness changes into brightness when focused down.
OLO- Pattern:
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A succession of three patterns, i.e., dark (O), bright a) and dark (O) is called OLO-pattern.
CHARACTERISTIC #5. POLLEN APERTURE

Morphologically aperture is an opening or thinning of the exine where the intine is usually thick; physiologically

it is a germination zone or a harmomegathus (A mechanism accommodating changes in volume of the semirigid

pollen exine) or both.

With regard to their position the apertures are polar, global or equatorial. The polar apertures are either monopolar

(either in proximal or in distal pole) or bipolar (both in proximal and distal face). Global apertures are uniformly

distributed over the pollen/spore surface. Equatorigd apertures @re meridionally arranged.

Some taxa have ‘atreme’ (tremaga Greek word nigans apertufe) pollen/spore, ae., they seem to have no special

aperture, are termed as ‘inapg#fura®y or non-apert@irate.

Majority of the pollen ggths describ®l as ‘inapertlirate’ seem t@be ‘omniapgfturate’, tiids, the entire pollen wall

is made up of a thin exiRg and a thick \g## & 0r at least thick as the Cxmgftor example Zanna sp. of Cannaceae.
There are two types of ap@tures known as Pores (Por 1. Pori) and furrows (Colpugf p1. Colpi. or Sulcus, p1l.
Sulci). In most cases the fURgows act as h . &
Colpi and Colpate: Theg#Ongated apertures heﬂ rains areegalled colpi (sing., colpus)
and such gfmgare callfll colpa : K VR A
Pori ggd Porate The ai

- Colpate Colporate
apertus#s on the pollen graifs” are = = koiporate s
calledggori and such graié.e call (/_:.L\B (T "‘ ./‘ ) ( \ [ surtace vew and
porate (Mg, 5). N A -

.

In colpi anderi bot
of the apertuge is c

>y K o (SW &ph
? j (\/ U '. 2-colporate 4-zonocolporate

¥ Y =
tnlete monclete catacolpate anacolpate { j @ @ ag

inner face. y A 'y : \
_Colporate Wh g Q-mlpa:wmm?ézonoco'pa::n locclxpa = 3.zonocolporate 6-zonocolporate
2 aCtts | g Porate Pororate

congruent (Fi -3 C O m porcrate agenureC "o

e called colpor p \ i/ and opbical section g

n most of the%'l 1-porate 2-porate  3.zoroporate m \ l/ \. °

aa@gais the ape AN PN X N_/r
be distal wRlile in%do ytes they L ,) ) o /‘ Vpotormte: | 4zoncpororale l
are proxima 4-zonoporate pantoporale 3.zonopororate pantopororate
Zonocolpat@ an

When the cgibi or p re

positiongdfey are calle*u
ti .

Inaperturate \)
or zag®porate, respec

Pant0golpate and Panmrate: Fig. . Types of apertures found in polien and spores.
When tRg colpi orsgi are Uni ly d@Ware Mnto gagate or pangoporate,
respectiv8 '&;( 6
Inaperturate: A pollen Jhgin wit erture (Fig. 5). g
riWi mm':a‘rk e called cr@simarginate.

Crassimarginate: The apgftures (colp

Syncolpate: When ends g@f the colpi unite at are called syncolpatg.
19. Ectocolpium and Egfdocolpium:

The outer and inner fac&g0f a colpuggére callet™®@ocolpus andgEFdocolpusyespectivel
20. Tenuimarginate:

The apertures (colpi or pores) Wi thin margins age called tenflimarginate.

CHARACTERI 70. POLLEN SHAPE:
The shape of the pollen grains varies from species to species. Shape of the grains is found to be useful in
spore/pollen identification. However, the shape may vary considerably within one grain type or even within one
species.
Pollen grains and spores are often described by the shape (non-angular and angular) of their outline both in polar
and equatorial views. The shape of the pollen/spores may be circular, elliptical, triangular, rectangular,
quadrangular or in other geometrical shapes (Fig. 4.5).
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POLAR VIEW EQUATORIAL VIEW

A. NON-ANGULAR A. ANGULAR
1. Circular 1. Rectangular
O (@ acute | ( ) )

Concave Convex Emarginate

- O SE

B. ANGULAR
1. Triangular

() scots (b) obtuse \ Q Q a;n:m
Lot 555

N
2. Rhombic
Concave Straight  Convex (a) acute <>

Acuminate acute Truncate Acuminate obtu

romns T[] () oo <> OO <>

Stralght c Acuminate acute Truncate Acuminate obtuse

Concave
(b) obtuse _—_— B. NON-ANGULAR
j 1. Circular O
e/
Concave

Straight Convex

2. Elliptic

3. Quinquangular
(a) acute Q Q Q () SO <:> <:>

Concave  Straight Convex -

(b) emarginate O
(a) obtuse
OO o

Concave  Straight Convex

Fig. 4.5 :Shapes of grains in polar and equatorial views

G. Erd s (R

(ED y 100

shape

Variou§ PA/ED V

Spheroi ero

4.6): . e

In bilateral grains, pollgh are pla Table 4.1: Pollen shape classes (after Erdtman, 1952).

convex, concavo-convex#or biconvex in

lateral view. Shape classes (PA/ED) x 100
Per-oblate <50
Oblate 50-75
Sub-oblate 75-88
Oblate-spheroidal 88-99
Spheroidal 100
Prolate-Spheroidal 101-114
Sub-prolate 114-133
Prolate 133-200
Per-prolate >200
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Fig. 4.6 : Shape classes (A = Peroblate, B = Obtate, C = Sub-oblate, D = Oblate-spheroidal, E = Spheroidal, F =
Prolate-spheroidal, G = Sub-prolate, H = Prolato, | = Perprolato)

Pollen gains shoWWeafQreat v
palustgs and some members o
in Cugurbitaceae, Nyct
In takinGNggeasureme
breadth (EBre co
In radially sgmmet

EB can be mfeasurgd.i
the thicknegs of eXi

2.4 uriysoted in'Ylyosotis
in diameter) are ORserved

sometimes g#fltiatorial

ial vi@w, while the
into @nsideration

l\\
rdtman (1945) @ori d the giff llen size clg@8ses based ory _‘ !&Qress as ch of the longe
xis (Table 4.2). m Table 4.2 : Pollen size classes (aﬂer Erdtman, |

1945).
Pollen size class Length of longest axis

Very small grains (Sporae perminutae) <10pm
Small grains (Minutae) 10-25 um
Medium sized grains (Mediae) 25 - 50 um
Large grains (Magnae) 50 - 100 pm
Very large grains (Permagnae) 100 - 200 pm

O Gigantic grains (Giganteae) > 200 pm
L7 —
FKappLLs®

oW oE N~
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CHARACTERISTIC # 8. POLLEN WALL OR SPORODERM STRATIFICATION:
The pollen wall, the sporoderm is G. Erdtman K. Faegri
generally stratified i.e. layered
(Fig. 4.14). The walls of the

mature pollen, at least in r Tectum &
angiosperms, consists of two Eldosaxine
fundamentally different layers,
intine and an outer acetolysis Soxine<
resistant layer exine composed > Ektexine
sporopollenin. it Columelia > Exine
The exine covers the e
surface except germinal
where it is absent or Nexine 1 Foot layer
reduced. The exine of $ollen Nexi }
xine Nexine 2 | pEndexine
e

Structure of Pollen Wall

again consists
the outer, ectos

Fig. 4.14 : Sporoderm stratification

absent.
colume

(digitate) o pr_oximally branched (conjunctate).grsometim
8 (Fig.4.15). /1 LA

he nexine has [ [ v ers namely \nexine | andll&!e!‘“
lternative termi i uEEm
ized

property
sexine.

[T

A

the Fig. 4.15 : Nature of tectum (A=Tectum imperforatum/solidum (Tectate/eutectate), B=Tectum perforatum (Semi-
tectate), C=Tectum perfossulatum, D=Digitate columella, E=Conjunctate, F=Intectate)
contains ~more den&

= 5. A A
sporopollenin and stains WWW WW !! H !! m n n ﬂ n ﬂ n n
layered structure in which
hyaline loosely organized sporopolleninous envelope called Perine covering the exine (Fig. 4.16). The perine

more  deeply.  The
ektexine may D £ =

es form smalficolumns, cglumella, thus 8jyidi outer tectum and an inner
foot layer strata. The endexine'¥¢ often well dev@loped in di@ots, but is virt absent or have it only in the
apertural region in monocots.
maybe continuous or sometimes folded in various ways. In some gymnosperms, especially among conifers, the
ektexine enlarges to form bladdery wings (Saccus, P1.Sacci) generally two (Pinus, Cedrus, Abies, Picea etc.) or

regarded as a thr
In some pteridophyte spores (e.g. Polypodiaceae gymnosperms pollen (e.g., Taxodium) there is a
one (Tsuga) in number.
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EXINE ORNAMENTATION:

There are two different types of exine ornamentation, the structure or texture and the sculpturing. The structure
comprises of all the internal (infratectal) baculae of various form and arrangements. All the ektexine characters
belong to the structural features, while the sculpturing comprises external (supratectal) geometric features without
reference to their internal construction.
Intine and Exine:
The protoplasm of the piate  retiplate areolate reticulate foveolate scrobiculate fossulate rugulate  striate

g A % \ \ \ \ \

pollen grains is enclosed VLT il o Sy T T S T ~ TS R
by a wall made of intine NS e S G :
and exine. The intine is a
hyaline layer. The exi

(Fig. 6) consists of a
inner homogeneous
layer (called endine or
nexine and an outer
heterogengOn layg
(called gfftine or st
Ectinggand Endine: Sioiin s
Ectins the outer Iayen4 VAARERN, 5 N2 39 S8
of exincghile endine . ab o o
the inner lay®
Columellae

Tegillum: m
The radiallrods ch

g ecti are
alled columella

xine Ornamen
arious types of Care3hown ine surfacd B ﬁd ab@ve, Ectme of exme

mpased of radi WCGS of\\ are @righ the intervenis

regions are@ark, t mellae in mosmfﬁ( egrain to fgfm different
types of patferns h ina (g Ied muri).
When a netWiork is [ . , i there is the
incomplete fg8ion o i a it is called
foveola there are i ina are eI pated it is

p‘lltt. OfanL{'O’. spinuiose spinose baculate clavate verrycate leﬂll. punctate
A

.....

of exi

Fig. 6. Exfm:mmmrfaapatmmojpolkngmw

free at theigips or are fuzumm‘q lay callmeglllum
maEA

callegffossulate, if lumi is called rugula

The egine ornamentation } ds of raised areagffIf the
excrescqces (outggmths) i i i atternggcalled gragtilose, if
the excreSgege®s are Myghe fo ' i spinul@Se, ITtgeXgrescences

are in the form of rounde® d if thedfases are not constricted it
is called verrucate.

When the outgrowths on tlife exine are in the GAOBEAIL“E ed tuberculate, ifghese are long with pointed

ends the pattern is calleg#§pinose, if oujgguyths are rod shaped it is callggaculate, and When they are club shaped
it is called clavate.
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NPC SYSTEM OF CLASSIFICATION OF POLLEN GRAINS:
G. Erdtman (1969) proposed NPC-System pollen/spore classification based on the apertures, their Number (N-
whether single or two or many), Position (P- polar: distal or proximal; global; meridional) and Characters (C —
circular or elongated) with regard to microspore tetrad (Fig. 4.7). Under this system the term ‘treme’ (aperture)
has been used for preparing keys for the classification of the pollen grains/spores.

ATREME

No

0|2

B @
=

DRRLAOVBE
elololofelils

Fig. 4.7 : NPC classification of pollen (after Erdtman, 1969)

mbem gro@ps are of nine types. The grain without aperture is name
umber of apertures of pollen are Monot

and designated
W|th pne aperture,

The pollen 1
as No. Depagding

Ditreme with tWo aper@res; Tritreme (N ith apertures,
Pentatrgg€ (Ns) with f§ ) having mowgthan six
aperi@es. Irregularly irrespe@€lve of their nunT@er are

desigri@ted as ‘Anomotrem
On the Ngsis of thgsf sition w S (PogmgRs). In ‘Cgfatreme’
(P1) pollcqg@®Tture is r0x1 while in 3) Itisin e. ThegfOllen TMengleglgnated as

Anacatatreme’ (P2) wherd®gperture prOX|maI and distal
The pollen grains are refgfred to as 'xi
‘Dizonotreme’ (Ps) are lilfle zonotreme, but w1 Tt
(Ps), apertures are globaly distributed gMayer the pollen surface.
Like position groups th&gharacter (@ groups arcof seven typgs(Co to Ceylf the chagggeer of the aperture is not
known, it is designated as Cgollgh having an apgrture like thiih area or Lept@mag/®Csignated as C:. Pollen with
one leptoma is called Monolept, T may be called (Btalept if pr@sent in the proxi®ial face, or Analept if in the distal
face.
Pollen with three- slit like colpus are called Trichotomocolpate which belongs to C. category. The remaining
character classes i.e., C3, C4, Cs and Cs include Colpate (with colpa i.e. furrow), Porate (with pore i.e. circular
aperture), Colporate (both with colpa and pore/ora apertures), Pororate (aperture with pore and ora) respectively.

Based on NPC classification, each pollen type is designated by using a three digit number (Fig. 4.8). The first digit
denotes the number of apertures, for example, 100 is assigned to monotreme, 200 to ditreme, 300 for tritreme, 400
for tetratreme, 500 for pentatreme, 600 for hexatreme, 700 for polytreme, and 8 for anomotreme and 9 for atreme.

ngs are locqed on the equatorial zone.

ures on the equatofgl region. In ‘Pantotreme’
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The second digit denotes the position of the aperture, e.g. 010 to proximal aperture, 030 for distal aperture, 040
for equatorial aperture, 060 for global aperture. The third digit denotes the characters of the aperture, e.g., 002 for

trilete, 003 for colpate, 004 for porate, 005 for colporate. Therefore, the number 112 is assigned to trilete grains,
similarly 133 to monosulcate grains, 343 to tricolpate and 345 to tricolporate grains, etc. (Fig. 4.8).

OO OE®E®

- N
@ @ 20"'!5'82::% 200-248)

b W T e
O Q

WD R s
AR A -

QDO
SN % o
158 835

700
6 HEXATREME (NPC 600-668) 7 POLYTREME (NPC 700-766)
@ - O
8 ANOMOTREME 9 ATREME

Fig. 4.8 : Pollen types designated by three digit numbers
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RAN]JITH KUMAR H T, ASST. PROFESSOR IN BOTANY, B.G.S SCIENCE ACADEMY, CHIKKABALILAPURA


http://cdn.biologydiscussion.com/wp-content/uploads/2016/11/clip_image019-4.jpg

IT B.Sc IV SEMESTER BOTANY NOTES 2020 45

APPLIED PALYNOLOGY
Top Nine Branches Of Palynology

The branches are: 1. Palynotaxonomy 2. Aeropalynology 3. Melissopalynology (= melittopalynology) 4. Forensic
Palynology 5. Palaecopalynology 6. Copropalynology (Greek ‘kopros’ means dung) 7. Entomopalynology 8.
Palynodebris 9. Latropalynology.

Branch gr*Reropamnology:
Aeropalynology is the study of palynomorphs fglind in the @8tmosphere. The,term palynomorph encompasses
pollen, spores and other biop 88 that are acid gsistant.
The study also include r eventudpdisseminatin, depositiofl and impactgh humarTSygiems.
Pollen grains are dispersgd more than 2QQ«#eS away from the sOU S. They can @€ found more than two
miles above the surface. Re airborne pollen grains originate from anemophilous plantg&nd so they are small,

light, smooth walled, colo(§less, produced m&ml S, &nd ck nectar
ement in.t pora is e detect tH&airborne palynomorphs
. or i

The first and foremost reg

and sporogfesgls. A sqgfid kno round florg ential f e. The Sdy of groll flora of
a particyfar area Wikig€veal t a and _gpe®¥es present in thatTegg oweriNgge®Son.
Pollengrains from each speciésare to #Studied and V.ides of then'8 ited in herbarium
futurgeferences.

The aiffagrne pollen
(1) Simple Sgvimetri
and
(2) Suction getho
There are ngany t
i oY With

for_sampling r principleg;

@ and

avita | force g#Pslides,
ere tife atmosphe

!air is S ca&ampl
pler that can'Suck certain volume of air accortling to a kn@wn velgcity f@k a definite
ir gillen and spore are sucked in and they get stuck either on a plstic or S allo-

pe (fitted accor@ing to ggmpler pere previouslgaplaced there/}ffﬂli‘fmipose af tra pollen.
ention may be dys sampler, kard persgpal Slide Sewpler, Burk etriplate
ampler, Anders ; uamEmal

e next task is t

s identi¥
and palynognorph i

of sporomorph
s canfiot be

lturamedia.

t

identified ufider th d
Colonies aregforme th§§ they are identified.

Pollen and sglres ar ntifigg on the basis of sp ification, shape, sizgfand ural cigaracters. The
morpholg#fcal characterg of tra ared with those g#fground flora and thtgghe
airbq@ffe grains get idenifjed. The rains is also cafllated.

Trappgg, identification anm i t throughout the ye® and ghe results are recorded gt he
data heWg to preparggdbe po endar OWg articularjﬂeality. A pollgfPCalendag ral€als thaname of plght
species tRgt Lghe®Se pOlen and%’m particula Nth O reveals t &xima amOSmi0f gfains
released irTthat season.

The term ‘pollen count’ is Fequently refige t negntr gf pollen ingtmosphere. It is a measure
of how much amount of p@llen and spore is M&L in a particular afga at specific time. The
count may consist of a p@rticular type giggollen or spore, or all the pollegegrains and sp&es present in the air.
Pollen count is expressgd as the numg€r of pOMemapresent in a g MmetreNy other stang@yd volume of air over a
twenty-four hour period at¥agarticffar place. Thefgamplers colfect pollen graigs.

A sampler has a drum or rod cO8€d with silicone @rease or stigky cello-tape. Dy#ffg trapping the rod/drum is
rotated one turn only in an entire 24 hours of a daygwith the h@p of a motor fitted with the sampler. The trapped
pollen grains are then analyzed for identification aft e ation.

Anemophilous plants of local vegetation determine the frequency of airspora and so the pollen counts.
Meteorological factors also influence the pollen count. The change in climatic condition has a profound effect on
the concentration of air spora.

Pollen count increases in dry, warm and breezy days. It decreases in chilly with high humidity and rainy days.
Moreover pollen count can be changed due to pollution, industrialization, population growth, tree plantings and
cuttings, land use etc.
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Singh et al. (2004) published a detailed list of airspora of the various parts of India along with their sources in
literature. Chanda and Sarkar (1972) reported the existence of the following pollen at the atmosphere of greater
Kolkata. The grass pollen contributed 39% to the total pollen present in air.

The dominant pollen types are from Amaranthus, Argemone, Azadirachta indica, Caesalpinia, Carica papaya,
Chenopodium, Mangifera indica, Xanthium strumarium etc. In West Bengal 59 types of pollen in air were
reported. In the month of May the concentration of pollen was maximum. The maximum concentration of pollen
grains belonging to the family Asteraceae and Chenopodiaceae was found in the month of June.

Pollen grains have impact on human systems. Th@y CauSe alfergy on sensitive individuals. The term allergy is
defined as “an altered or acceleggted reaction of @ person to @ second or subsgguent exposures to a substance,
usually harmless to thegg®he population§ to which §he/she has pferrNegnsitized during the first
exposure”. Hay fever q@fllergic rhiRgis is the ba8t known alldigy of all. fever is ed by pollen grains of
Betula, Populus, Salix aRg Chrysanthe eLc. Allergy is also causeH e pollen gra#ns of Cynodon dactylon,

Amaranthus spinosa, Cheé@opodium album, Cannabls a and Ca53|a occidentalis e
M chi roat and eye,gonjunctivitis and watering
[]

The symptoms of hay fevegare sneezrng cl

eyes. Aeroalynology coyg under aeroblolo the stuBgOf bioparticles present in
the atmogPTeug in addgyfon t in collas®gtion with
cliniciagl search TM&ausativ:

Melissop
elements ( nd ‘melitta’
mean a bee. ; ifera'fpeans honey.
In addition #® Api i . i . indi ‘ orsat@ F.

FHEC equirgcta pollen, resin and water for their survival. The_bges are adofited m‘eedl g0
d pollen. Resi nfogges the r-fﬁ- yvater cools hive. Morepwer Wateh dilutds theMBhey that is fed t
arvae. In a hiveme a e the sing een bee, él‘l\!a ale”bee or drone an
0000 to 40000 or'More
amiiarker bees

toin the flowel ki
nectar is st@ed in . rgrtatlon of ne g8 Hrnrn tofihe hive the
other workég bees ge nectar. The foraging bees and other Worker bees regurg bectar
Regurgitatio§ occur i procy
complex sug (sucnﬁ

y the&§
sugary f#d is then st

comg@Sed of beeswax
i by evaporating thg#éxcess
i acrosgthe honeycgb. The
mb cgfftainTeagRe #pe honey

The sgary fluid is high in
water. Ngis happegsawhen
Honey is thick, sweet syr@py, white or yeIIoW\ﬁeBAL‘E’ colours, and viscidifluid. Honeybees from the
nectar of flowers produgit. Honey is glagumed primarily as an energygsfurce and is st§ed in the honeycomb for

reductioraga®er co

is then capped (sealed)

unfavourable situation #ge winter etg?Pollen réils are used agf®¥e primarygsource of pg@ein and other nutrients.
Honey is composed of 14-T8§g of wkter, 76-80% @f glucose, frlictose, levuloS, dexig#Se etc., pollen, mineral salts
(compounds of calcium, potassit®, sodium, magn@sium, copp@, silica, phosph®@#s, manganese, silicon, iron etc.),
acids (malic, tartaric, citric, succinic etc.), plant pidinents like garotene, xanthophyll and chlorophyll; enzymes like
invertase, diastase, catalase etc., vitamins (B1, B2, K, 10 d, biotin, pyridoxine, pantothenic acid etc.) and amino
acids (cystine, lysine, glycine, aspartic acid, glutamic acid, alanine, valine etc.).

The composition varies and it is dependent upon the flower that provided the nectar. The variation in colour is also
dependent on the plant that foraged the bee, i.e. alfalfa and clover produce white honey and Acacia produces straw
colour honey. The honeys produced from cotton, Plectranthus and Eucalyptus are also white.

Golden or light yellow coloured honeys are obtained from litchi, mustard and rubber. Honey is significantly
sweeter than table sugar. It was almost the sole sweetening agent from ancient times until cane sugar became
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commercially important. Honey being complete natural and biological product and free from any type of
impurities, it is often preferred over sugar.

It is one of the best health food consumed by man. Honey has become a common ingredient in many types of
ayurvedic medicines as it is found to contain certain types of medical benefits. Apart from food, honey has always
been held in high regard. In language, literature and culture honey is frequently used as a symbol that is supposed
to bring good luck or to keep away evil. It is the symbol of sweetness of every kind.

The honey does not spoil easily. Due to the presence of low water and high sugar concentration, it does not allow
to grow any airborne yeast or bacteria. Yeast/§aCteria gc@l plasmolyzed when they come in contact with
concentrated sugary honey. So d@ng the moisturd content refains below 18% almost no microorganisms can
multiply in honey.
Pollen grains are colle 3
Pollen analysis of honefysamples revegd#®he tollowings:
&ies foraged by honeybees.

ide the fingerpri Mc%e p
. dgeog@ﬁ 0 oney.r&d

ool to ate honeyzuad

polle of thegs® A S Acacia-

7 LA

/1 LA
man ) )\
nEamEe mnl

amey
\‘\:\‘ ™1 74

e
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EXPERIMENTAL EMBRYOLOGY-

Modern embryology seems to comprise three main disciplines. The first, or descriptive embryology, is a study of
the various developmental processes that take place in a plant from the initiation of the sex organs to the maturation
of the embryo. The second, or phylogenetic embryology, attempts to evaluate these data in determining the
interrelationships  of the different orders and families with a view to improving the
existing schemes of classification. The third, or experimental embryology, is concerned with an imitation and a
modification of the course of nature, with a vie anding the physics and chemistry of the various
processes underlying the development and differerliation of thg& embryo, so as to bring them under human control
to the furthest extent possible

It is now generally consygered that evely |\ in a plant pd gs thagfotentially ofgproducing an entire new
plant or in other words i§s totipotent. This phenomenon of capability OF such a totipg#ent cell in generating an

entire new plant is called d§ totipotency. EMY &
Explant: R

An excigftl piecengf g erentet ue or Qi@ e0al JoU oseag xplan plant Tyay Jae#t3 rom any

part of #he plant body e.g., le

Callu$ 4’
The unord@gjzed an foer [ erred to aglCallusNgene when plg#t cells are
cultured in aguitabl a mas Aous

Dedifferenfatio

mgiure cells reverting to meristematic state to produce c@llus ded| Reentiation.
n- d|V|d|ngqU|3entcellsoft When row; asunablecu

T L L\
gEEmEn

22 into a p n or a whoRRIFHA

e-differentiation:

The abIIy fthemjsc Is to -"’

Totipotencyg The hinto a whole plant is referggd to ellulagfitotipotency.
The inherent§harac tion g responsible
for the phg
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BASIC TECHNIQUE OF PLANT TISSUE CULTURE:

The general procedure adopted for isolation and culture of plant tissues is depicted in Fig. 42.4

The requisite explants (buds, stem, seeds) are trimmed and then subjected to sterilization in a detergent solution.
After washing in sterile distilled water, the explants are placed in a suitable culture medium (liquid or semisolid
form) and incubated. This results in the establishment of culture. The mother cultures can be subdivided, as
frequently as needed, to give daughter cultures.

The most important aspect of iggftro culture tech@ique is to cdiry out all the oglggtions under aseptic conditions.
Bacteria and fungi are theg#0st coynon contamgiants in plarii tissue cultugg?” ThefAggow much faster in culture
and often kill the plant §sue

Further, the contaminants§glso produce certai 'ch are toxic to the pjint tissue. Therefore, it is
absolutely essential that as@ptic co ﬁw tissue culire operations. Some of the
culture teclpiques are dgg€ribed h wa others are dISCUSS |ate preges.

& m

Explants

Surface sterilization

-

Washes in stenlized
distilled water

L q\
> il N
5 i [ | X
‘ . * Establishment of
. cullure

A A

H@HHHHHHHH -
7 URRY -

Fig. 42.4 : A diagrammatic oulline of the basic procedure In plant lssue cullure.
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CULTURE MEDIA:

The formulation or the medium on which the explant is cultured is called culture medium. It is composed of various
nutrients required for proper culturing. Different types of plants and organs need different compositions of culture
media. A number of media have been devised for specific tissues and organs.

Some important of them are:

MS (Murashige and Skoog) Medium, LS (Linsmaier and Skoog) Medium, B5 (Gamborg’s) Medium, White’s
Medium, etc.

Important constituents of a culture medium arg

Organic supplements:

(@) Vitamins like thiaminedd®7), PyRgoxin (Bs), Nlicotinic Aciol(Bs), etc.

(b) Antibiotics like Strefftomycin, KaRgmycigg

(c) Amino Acids like Ar§inine, Aspara3fie.

(ii) Inorganic Nutrients:
Micronutrients as Iron (Fe) anganese m 0), CoppegCu), Boron (B).
Macronutrgents include s majo itrogen (N), Sulphu orus 9 Potassium (K), Calcium

(Ca), Magnesttmgy(M gy’

(iii) Cagbon and rgySo
Most greferred carbon so
(iv) Ongwth Hormon

g%ose cellobiose, ®&c.
a. AuxinStgainly for i
t diff O

b. Cytokinin ainl;@ i ina i
c. Abscisic Aid (ABAY-U ionSily. “&
d. Gibbereljghs-U cca . ‘
Gelling Agénts:
ese are added edi
elling agents.
Dther Organic act
ometimes culture medi
. potato extrwtc.

1]

. Others mclu‘ctose, maltose,

ecC on solalTyTroge

0 make thepq semisolid or solid. Agar, Gelatmr/ﬂw etc.

ullll“
mnl

resu ith sov trac goonut
14
“%@L

Composition of MS,& White’s media

ilk %@range juice, tomat

Table : Stock solutions of MS basal medium s
1. White's Culture Medium
Constituents o Quantity (gmlitre) i Component Quantity
Stock Solution I | (mg/litre)
Mg S04, THXO 7.400 ' (a) Inorganic Components
KH: PO, 3.400 KNO, 80
KNO» 38,000 Ca(NO,), +H,0 260
NH4 NOy 33.000 ‘ ka 65
CaCly . 2H:0 8 800 ‘ MgsSO,. 7H,0 360
Stock Solution 11 Na_SO, 200
H; BO, 1240 L NaH,PO,. 2H,0 165
MnSO; 4HO 4460 MnSO,. 4H.O 3
78504 THO 1.720 H.BO. 0.5
Na: MoO;  2H0 0.050 z:\so:. 4H,0 0.5
CuS0; _ SH,0 0,008 Na,MoO,. 2H,0 0.05
CoCly . 6H:0 0.005 CoCl,. 6H,0 0.025
Stock Solution 111 Fe (CH,0).3H,0 7 10
FeS0s  TH:O 5.560
Na: EDTA 2H:0 7.460 (b) Organic Components
Stock Solution IV Niacin 1.25
Inosstol 20.000 Glycine 7.5
Thiamne HCI 0100 Pyridoxine HCl 0.25
Pyndoxine HCI 0,100 Thiamine 0.25
Nicotimic acid 0.100 Calcium Pentothenate 0.25
Glycme 0.400 Sucrose 20.00
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ANTHER CULTURE OR ANDROGENESIS:
The technique of production of haploids through anther or microspore culture is termed as androgenesis. It is a
method par excellence for the large

scale production of haploids through | ANTHER CULTURE | | POLLEN CULTURE |
tissue culture. m 0

Androgenesis technique for haploid flower bud B0 \

production is based on the in-vitro B0 ot

culture of male gametophyte i.e., / ¢ aacid

microspore of a plant resultingggto ol polisn

the production of complgs® pla

from it. It is achieve@ either by \
anther culture or by §nicrospore plating of anthers Salguion ol posen
(pollen) culture. \

The technique of another Qlture is J

quicker for practical purggSes and is U
an efficj acthodgffor hapmg R
productin. :

But gbmetimes durings, afotherg hepioid embos

cult the plantlets m&higin
from diTfgent other part§ of e \ :
also (along Wth fr ep ens&

On the otler h migfospore
culture is fr fro@/un ntrolled a

effects of fhe an walf or other ambryo
fes. MICrosp ultd@re is ideal
ethod for stud thelimutagem

Fig. 9. Androgenesis for Haploid Production.

e
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EMBRYO CULTURE:

The technique of embryo culture involves the isolation and growth of an embryo under in-vitro conditions to obtain
a complete viable plant. First success for embryo culture was made by Hannig in 1904 when he isolated and
cultured embryos of two crucifers namely Cochleria and Raphanus. Embryo culture is used widely in the fields of
agriculture, horticulture and forestry for production of hybrid plants.

Embryos can be used as explants to generate callus cultures or somatic embryos. Both immature and mature

embryos can be used as explants. Immature, embrygaderiedembryo genic callus is the most popular method of
monocot plant regeneration.

This technique allows the dgisled study aboull the nutritfpnal requiremegig, of embryos during different
developmental stages. Alsg®1t helfg for identifyling the regeferation potepgfal oTeggbryos. Embryo culture is
advantageous for in-vitf@micro propagation gfgplets, overcomMgegged doggfancy and fofgproduction of beneficial

haploid plants.

Source Material:
Physiologically uniform enfpryos of th Mme&vthmie should beflised for culture, which can
) the flo

be achievegif the plantsgffe raised,a

For supply oTmgterigl® nteryads®to Wbtain the
embrygffof a specl , ry and #¥hay be deSkable to
prepayf a chart showing I i ination.

Whef&ghe embryos be xcised before thgPnset
of abortiC

Surface Ster@lizati

embryo is n®t nee
Otherwise Mmatur
om the surroungh
pherical embryo?

?ﬁsteri pation of the
3 i0n is presgt.

ntire ovules or fruits are surface sterilized and the embry8 ar oveddaseptically
e. In case ghorchid seeds thfgteire seed contaih‘ﬁﬂwemorph ogﬁ undifteremntra

d coat is }/{ﬁﬂﬁh?ﬁwho seefisicultured in plac

f embryo. mun z
xcision of Embryo: ‘g‘-‘= muy
s B0-€XC a |ammmr,ww caline h theglsiese

iy 7
eedles, scaT‘pe"is, razor fade .

a bryogfare excised.
n i&de at tife micropylar

stereomicrdgcope,
If the seed d@at is the

But in case G imma?em

end and prg#8Ure is applied togolate the young ¢ :
Nutriggfal Require*in

Ther@are mainly two pHaSes of emB m&w

nutriti§gal tissue or materng'b ue, armdgger is the autoH'Bphic phase—\y

of synth&izing sei#®Mpces r for groWRiagh.e.. becoming indee®Ndent fo
The mediR@®MpositiorM§or er@ re differs Tof

When immature or heteroMgphic e cultured, the medium

to permit the expression offthe total devé 43&% 0.
This is dependent upon t#€ progressive activation I Zyme systems or biochégpical pathways concerned
with the synthesis of sufftances necesgérmiggihe growth of embryosss®@Qpecific age. Bjt the embryos of mature
stage are completely alagrophic agf grow on agimple medig@im comprisiRg of mine alts with carbohydrate
energy source.

Mineral salts are used according to MS, B5 or Whife’s media With some modifications. Among the carbohydrates,

sucrose is the main source, addition of maltose, laqigsaatatfin@se or mannitol may be required for some species of
embryo culture. The carbohydrate concentration may also vary according to the maturity of embryo.

0s where these are

from if0se of mMawg® embryos.
nt becgMies progressively complex

Presence of ammonium salt has been found essential for proper growth and differentiation of embryos. Various
amino acids or their amides are sometimes essential for embryo growth. Casein hydrolysate (CH), an amino acid
complex has been widely used as an additive to embryo culture media.
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Coconut milk helps the young excised embryos to increase in length of various species like sugarcane, barley,
tomato, carrot, or some interspecific hybrids. Among the growth regulators, GA is used at low levels which
effectively stimulate excised heart shaped embryos.
The incubation temperature for embryonic growth and germination may vary with the genotype and species. Initial
dark incubation for 4 days of embryo culture is essential, following which these can be grown to maturity under
light condition according to requirement.
The protocol of embryo culture has been depicted in Fig. 19.1.
Morphogenesis in  Partially
Differentiated Embryo:

Explant (Immature émbryos

Embryo development & d collected from surface stetilized 50eq) Organogenesss 3

rocess from zygote @g@fmation . . Callus
P Y9 ./"._‘ — Cut paint formation

to embryo germinafpn, the £ L vomaturs omting /Wﬁ—?

stages can be classified Wto five 7 Puton LA

stages: Embryo in e cuure medium

Stages: e \‘

I. Cleavggttmg diffe tlatlo

Cell diyfSion withadfttle gr / X l

differgfftiation of all majog, tissyes. iainn s \

1. Ggwth: . \

Rapid C? xpan3|on visigff b \

1. Matur ¥ { S -
Little or n®@ ceI or \  embryo medium

\ e
e J

Several embrycsds on callus

Developmental au.
. Germination
enewed cell
miisigR. cbryo
Detailed cujjtural es ve revealécfthe role of sus rin embryo devel‘b’ﬁment uspgnse@r is af ephemeral
structure wiflich is e radicular end of the pro-embryo that attains its maxim pmendl by the time

the embryo aches lar stage. In some ¢ resence of suspensor matyfe embryo is
essential foggMaturit i e substituted by thegéddit
culture gg@dium.

4 .

f GAQ ABA to the
Aftegftll development
and d8yelopment arrest of
Excisedgmmatureggi@nt em

the linear\gua@®00eniBg ode ment.

embryogenic developmeRgis call us germination. Casei
elevated temperature; highgight intensi Am b‘aQ
In many plant species fully developed seeds etd

cotyledons. In these caggs the globul ages are attained and the g
regarded as the ‘radic pole’ and #stal to THCHhicropyle is ffZdarded ase ‘plumula
the plumular pole enlargeSgforg#a spherical sgucture whigh turns greenNgnd ais
differentiates into roots and shoo¥.

expansion, gynthe
of reserve gaterialS.
ancy:

Fig. 19.1: Procedure of Embryo Culture }
n - S |

SN\ § 174

rent kinds of crop gffecies.
ancygand cease tgflindergo
seedlln on wigfout COMglet#Tg normal
ate, higPSucrose level, extension,
w/ent preco®gous germination of embryo.
ack differentiatiofyinto radicle, plumule and
yonal end pgximal to the micropyle

pole’. In case of orchid,
attainment of certain size
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PROTOPLASTS CULTURE:
What is a Protoplast?
It is known that each and every plant cell possesses a definite cellulosic cell wall and the protoplast lies within the
cell wall except some reproductive cells and the free floating cells in some fruit juices like coconut water.
Therefore, protoplast of plant cell consists of plasma-lemma and everything contained within it.
But those of importance to plant protoplast culture are produced experimentally by the removal of cell wall by
either enzymatically or mechanical means from the.agtifici plasmolysed plant cells. Experimentally produced
protoplasts are known as isolated protoplasts.
Therefore, isolated protoplast jsg@gly a naked plafit cell surro@ihded by plasmapgembrane—which is potentially
capable of cell wall regenggs#ton, c8jl division, gr@wth and plaf regeneratioghth cultlgg
Different Sources of P@gnt Tissue aRg Thel dition for Fmafgplast Lgblation:
Protoplast can be isolate@either directl™f0Om the different parts of whol®@lant or indiregtly from in vitro cultured

tissue. Convenient and suNgble materials are leaf; ! cells from liquid susg€nsion cultures. Protoplast
yield and viability are prof@ndly influ mg %iti lants ser@ihg leaf mesophyll sources.
The age ofthe plant angg®t the le revailing conditions ofdli i, humidity, temperature,
nutrition ghd Waggringgere contriuting factor ' purce for

obtainigh§ consistentquality RXimum
growfrates and utilize t
PrinCWales of Prot
Culture:

The basic prin%
protoplast ltureZ™g t
aseptic isq tionh lan
number _gf in i
ptoplasts rem@ving

ide a Mgre rel@®le
aintain W€ cells at

(EVeron gt. Pr
be isolatedfrom vagi
plant tissues Con\ﬁ
suitable maggrials
mesophyllg®hd cellS from
liquid g#lispension *
Prot&Rlast yield and viabitit
are gre@tly influenced by t

growing§, cond it Qf the'
plant as the ce

O Fig12.1

Instruments required for a plant protoplast culture. A. Compound microscope. B. Screw topped
bottle. C. Nylon mesh. D. Bacterlal filter. E. Centrifuge mechine. F. Petridishes. G. Alcohol sprayer.
H. Disposable sterlle petridishes. |. Screw capped centrifuge tube. J. Pasteur pipette. K. Hand gloves.
e L. Disposable sterlle scalpel. M & N. Jewellery fine forceps. O. Tile. P. Long forceps. Q. Counter.
R. Haemocytometer. S. Casserole. (Photograph taken by Mr. T. K. Bera)

The essential step of
isolation of protoplast igthe
removal of the cell wallfwithout damgg™emilge cell or protoplas Pgnt cell is an@smotic system. The cell
wall exerts the inward preggure uponghe enclosed @rotoplasts. Lilkewise, the ggotoplast 48 puts equal and opposite
pressure upon the cell wall. yoth the pressufles are balanged.
Now if the cell wall is removed, the balanced pr@ssures willfbe disturbed. As a result, the outward pressure of
protoplast will be greater and at the same time injghsaaca-affCe!l wall, irresistible expansion of protoplast takes
place due to huge inflow of water from the external medium. Greater outward pressure and the expansion of
protoplast cause it to burst.

So, the isolated protoplast is an osmotically fragile structure at its nascent stage. Therefore, if the cell wall is to be
removed to isolate protoplast, the cell or tissue must be placed in a hypertonic solution of a metabolically inert
sugar such as mannitol at higher concentration (13%) to plasmolysis the cell away from the cell wall (Fig 12.2).
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Mannitol, an alcoholic sugar, is

o~ AR TR, SR e e R

7 { N7 Y \7Z N easily transported across the
l 1—>K —— @ plasmodesmata, provides a
IN AR A AT Y stable osmotic environment for
/\Tf /\_’/'\

8 % the protoplasts and prevents the
usual expansion and bursting of

O Fig122
A - C. Showing the stages of plasmolysis. A. normal cell, B. Shrinking of protoplasm. C. complete protoplast even _aﬂer loss of Ce_”
plasmolysis wall. That is why, this

hypertonic solution is known as
osmotic stabilizer or plasm
Once the cells are stabilg
wall either mechanicall
compartment to liberate
protoplast. This operati
can be done carefully

L I-T™7

0O Fig123

Method of mechanical Isolation of protoplasts. A. A small plece of plant tissue. B. Plasmolysis of
celis. C - D. Cutting of cell wall by microscalpel under microscope. E - F. Subsequent stages of
liberation of protoplasts. G. Isolated protoplast and empty cell. H. Isolated protoplasts

cell wall deg*], -_—
s such as cellulase, icel e, pectina!e o:mac![ozyme etc
ble co C|aII ﬁlz 1). Ak

Table 12.1 Commercial enzymes, their commercial name nnd source

ese eves are isolated frog fungi

Enzyme Source organism

A. Cellulose degrading enzymes Aspergillus niger ‘
Cellulysin (Onozuka R10) Trichoderma reessei (formally T. viride)
Driselase Irpez lactes

B. Hemicellulose degrading enzymes

Hemicellulase Asperyillus niger
Rhozyme HP150 A. niger

C. Pectin degrading enzymes
Pectinase A. niger
Macerase (Macerozyme) Rhizopus spp.
Pectinol AC, Pectolyase Y23 A. niger
Pectic-acid acetyl transferase (PATE) A. japonicus
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Period of treatment and concentration of enzymes are the critical factors and both factors should be standardized
for particular plant tissue. Intact tissue can be incubated with a pectinase or macerozyme solution which will
dissolve the middle lamella between the cells and so separate them.

Subsequent treatment with cellulase will digest away the cellulosic layer of the cell wall. This process is known as
sequential enzyme treatment or two step method as opposed to a mixed enzyme treatment (one step method) in
which both cellulase and pectinase or macerozyme are mixed so that the entire wall is broken down in a single

operation (Fig. 12.4).
YOO OO0
The isolated protoplasts ¢ et
cultured either static ligid or °°°’° \
agarified medium. TH§ pro- P D ®®)
toplast media consist of n¥§peral : g ‘ )-‘ CICICS
salts, vitamins, carbon so§ces '
and plant 7
well as H Pectinase @ %D@@J@ L
é_ plus celluiase @@ 5
3 @ 0@
E '\"'( N luiase :8'
Se0 e
5 Qo2 e
Once the N OAOTO) 7@%)\@/(})@4
protoplast Isolated_protoplasts VD @
cells @@ @/
OXO
hich is foll ®®®
rmation of cm / 1 \ :
Itures. Such ca = >3 g 1 i — =
= = X —
" Culture of prg!oplosls

O Fig124

Methods of enzymatic Isolation of a large number of protopiasts and thelr culture. A. Hanging-droplet
method of culture. B. Co-cuiture. C. Plating of protoplasts

~n N WY S o~

Table 12.2 Species in which plant regeneration has been achieved from cultured protoplasts

~ Common name Species Family Cell origin
Tobacco Nicotiana tabacum Solanaceae Leaf, cell culture
Potato Solanum tuberosum Solanaceae Leaf
Datura Datura innozia Solanaceae Leaf
Petunia Petunia hybrida Solanaceae Leaf
Carrot Daucus carota Umbelliferae Cell culture
Rape seed Brassica napus Cruciferae Leaf
Orange Citus sinensis Rutaceae Nucellus callus
Asparagus Asparagus officinalis Liliaceae Cladodes
Bromegrass Bromus inermis Poaceae Cell culture
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EMBRYOLOGY IN RELATION TO TAXONOMY- EGS. TRAPA,
EXOCARPUS

Trapa was earlier included in Onagraceae family by Bentham and Hooker. But Engler separated it to family
Trapaceae. It was supported by Hutchinson also. It has a different type of habit, heteromorphic leaves, swollen
petiole, spiny fruit etc.

Embryological features like pyramidal pollen grains with 3 folded crests, semi inferior, bilocular ovary with

Onagraceae and Trapa
A monosporic tetranucleat

mbryo-sac i i¥al&m of the Onagr
other family of anglosper . The ge vmg an eight-ntcl 0-sac,
en rem a35|gn Trap
Earli
Tr

ully cogfirms this es (19
the Onagra and even closely rela

ferences betwee families OnagrAa an aceae.
Table I

ae and is not found in any
ich was once placed in the

{ Trapaceae ___ Onagraceae |

Ovary Semi-inferior and bilocular with a smgle | Inferior, mostly tetralocular. Usually many
pendulous, anatropous, bitegmic ovule in nnat.ropous bitegmic ovules in each
each chamber. chamber.

Megasporogenesis |The chalazal megaspore invariably |Usually the micropylar megaspore |
functions and the embryo-sac is 8-nucleate! functions. The embryo-sac is tetranucleate

Endosperm Endoserm lacking Endosperm Nuclear

Proembryo Solanad type Onagrad type

Suspensor Extremely well developed and haustorial |Short and inconspicuous haustorial

Embryo Cotyledons extremely unequal Cotyledons equal

Fruit Large, one-seeded drupe Usually a loculicidal capsule. =
- \J ~— awes o |

Exocarpus!
Gagnepain &Boure

94841947), raised doubts osition of Exocarpus hat ingtead of being

regarded aggffangiosperm it SRould be a55|gned f erms on the basis gffertic pedic@naked ovule
and preg#fice of polle*mb (1948) corMmgented as
follo@s: “At any rate, © transition betw8an the

protaRgiospermous gym ydeae”
The emi§gyologicalstidies arlysho xocarg saperf y valid
angiospeNg N floraRgharac inct eng aadvolandular

cells of shedding, an arche og unct| gy as a megaspore mother
plygonum t I lazal haust@ium, and a pericarp derived
. Its correct posmo the Santalaceae tofvhich it was assigned by

tapetum, pollen grains ha¥
cell, an embryo-sac of the B
from the wall of the ovg
previous systematists.
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