> Reproduction of Flowering Plants
31.9 The flower is the organ of sexual reproduction in angiosperms

It ha:R been said that an oak tree is merely an acorn’s way of N
making more acorns. Indeed, evolutionary fitness for any Stigma \_,
organism is measured only by its ability to produce healthy, Stanenl Il Style "
fertile offspring. Thus, from an evolutionary viewpoint, all

the structures and functions of a plant can be interpreted as Filament
mechanisms contributing to reproduction. In the remain-
ing modules, we explore the reproductive biology of angio-
sperms, beginning here with a brief overview. (This would be

a good time to review Modules 17.6-17.7, where this infor-
mation was first presented.)
Flowers, the reproductive

= shoots of angiosperms, can

o vary greatly in shape

(Figure 31.9A). Despite
such variation, nearly

all flowers contain

A Figure 31.9B  The structure of a flower

four types of modi-

fied leaves called

floral organs: sepals, In the next four modules, we examine key stages ip, 11,

petals, stamens, angiosperm life cycle in more detail. We will see that there

and carpels are a number of variations in the basic themes presenteq
(Figure 31.9B). The here.

sepals, which enclose
and protect the flower
bud, are usually green and

A Figure 31.9A ; Pollen develops withinthe _ of
Some variations in flower shape more leaflike th'an the other .| Ovulesdevelopwithinthe _ of \
floral organs (picture the green S[dIB> "+ SAIBAO * SUBWEIS s a0y

wraparound leaves at the base
of a rosebud). The petals are often colorful and fragrant, ad-
? vertising the flower to pollinators. The stamens and carpels
{ are the reproductive organs, containing the sperm and eggs,
respectively.

A stamen consists of a stalk (called the filament) tipped by
an anther. Within the anther are sacs in which pollen is pro-
duced via meiosis. Pollen grains house the cells that
develop into sperm.

A carpel has a long slender neck (called
the style) with a sticky stigma at its tip. The
stigma is a landing platform for pollen. The
base of the carpel is the ovary, which con-
tains one or more ovules, each containing a
developing egg and supporting cells. The term
pistil is sometimes used to refer to a single carpel
or a group of fused carpels.

Figure 31.9C shows the life cycle of a generalized
angiosperm. @ Fertilization occurs in an ovule within
a flower. @ As the ovary develops into a fruit, @ the
ovule develops into the seed containing the embryo and a
store of food. The fruit protects the seed and aids in dis-
persing it. Completing the life cycle, @ the seed then
germinates (begins to grow) in a suitable habitat; @ the
embryo develops into a seedling; and the seedling grows
into a mature plant. A Figure 31.9C  Life cycle of a generalized angiosperm

Ovary, containing
ovule

@ Fruit (mature ovary),
containing seed

ﬂ Mature plant with
flowers, where
fertilization occurs
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o Germinating seed
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31.10 The development of pollen and ovules culminates in fertilization

The lili“c}'clt‘ls l“_P!ifmS are L.‘hamclcri;ed by an alternation of
generations, in W hich haploid (n) and diploid (21) generations
take turns producing each other (Figure 31 10). The diploid ‘
plant bo dy is called the sporophyte. A sporophyte produces
sp‘t‘Ci“l structures, the anthers and ovules, in which cells un-
dergo meiosis to produce haploid cells called spores. Each
spore then divides via mitosis and becomes a multicellular
E,mctophyte- the plant’s haploid generation. The gameto-
wh?“ produces gametes by mitosis. At fertilization, gametes
from the male and te.male garpetophytes unite, producing a
diploid zygote. Tl\e life cycle is completed when the zygote
divides by mitosis and develops into a new sporophyte. In
angiosperms, the sporophyte is the dominant generation: It is
Jarger, more obvious, and longer-living than the gametophyte.

The cells that develop into pollen grains (the male game-
tophytes) are found within a flower’s anthers. @ Each cell
first undergoes meiosis, forming four haploid spores. ® Each
spore then divides by mitosis, forming two haploid cells,
called the tube cell and the generative cell. The generative cell
passes into the tube cell, and a thick wall forms around them.
© The resulting pollen grain is ready for release from the
anther.

In most species, the ovary of a flower contains several
ovules, but only one is shown at the top of the figure. An
ovule contains a central cell (gold) surrounded by a protective
covering of smaller cells (yellow). € The central cell enlarges
and undergoes meiosis, producing four haploid spores. Three
of the spores usually degenerate, but the surviving one en-
larges and @ divides by mitosis, producing a multicellular
structure known as the embryo sac. Housed in several layers
of protective cells (yellow) produced by the sporophyte plant,
the embryo sac is the female gametophyte. The sac contains
alarge central cell with two haploid nuclei. One of its other
cells is the haploid egg, ready to be fertilized.

@ The first step leading to fertilization is pollination, the
transfer of pollen from anther to stigma. Most angiosperms
depend on insects (mainly bees), birds, or other animals
to transfer pollen. But the pollen of some plants—such as
grasses and many trees—is windborne (causing pollen aller-
gies in some people).

After pollination, the pollen grain germinates on the
stigma. Its tube cell gives rise to the pollen tube, which grows
downward into the ovary. Meanwhile, the generative cell
divides by mitosis, forming two sperm. @ When the pollen
tube reaches the base of the ovule, it enters the ovary and
discharges its two sperm near the embryo sac. @ One sperm
fertilizes the egg, forming the diploid zygote. The other con-
tributes its haploid nucleus to the large diploid central cell of
the embryo sac. This cell, now with a triploid (3n) nucleus,
will give rise to a food-storing tissue called endosperm.

The union of two sperm cells with different nuclei of the
embryo sac is called double fertilization, and the resulting
production of endosperm is unique to angiosperms. Endo-
sperm will develop only in ovules containing a fertilized. egg,
thereby preventing angiosperms from squandering nutrients.
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31.11 The ovule develops into a seed

After fertilization, the ovule, containing the triploid central
cell and the diploid zygote, begins developing into a seed.
As the embryo develops from the zygote, the seed stockpiles
proteins, oils, and starch to varying degrees, depending on
the species. This is what makes seeds such a major source of
nutrition for many animals.

As shown in Figure 31.11A, embryonic development begins
when the zygote divides by mitosis into two cells. Repeated
division of one of the cells then produces a ball of cells that
becomes the embryo. Meanwhile, the other cell from the zy-
gote divides to form a thread of cells that anchors the embryo
to the parent plant and pushes the embryo into the endo-
sperm. The bulges you see on the embryo are the developing
cotyledons. You can tell that the plant in this drawing is a
eudicot, because it has two cotyledons.

The result of embryonic development in the ovule is a ma-
ture seed (Figure 31.11A, bottom right). Near the end of its
maturation, the seed loses most of its water and forms a hard,
resistant seed coat (brown). The embryo, surrounded by its
endosperm food supply (gold), becomes dormant; it will not
develop further until the seed germinates. Seed dormancy, a
condition in which growth and development are suspended
temporarily, is a key evolutionary adaptation. Dormancy

Triploid cell

Cotyledons

Eidopan Seed coat

A Figure31.11A Development of a eudicot plant embryo
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A Figure 31.11B  Seed structure in eudicots and monacots

allows time for a plant to disperse its seeds and increases the
chance that a new generation of plants will begin growing
only when environmental conditions, such as temperat,
and moisture, favor survival.

The dormant embryo contains a miniature root and shoot,
each equipped with an apical meristem. After the seed ger-
minates, the apical meristems will sustain primary growth
as long as the plant lives. Also present in the embryo are he
three tissues that will form the epidermis, cortex, and pri-
mary vascular tissues.

Figure 31.11B contrasts the internal structures of eudi-
cot and monocot seeds. In the eudicot (illustrated here a5 4
bean), the embryo is an elongated structure with two thick
cotyledons (tan). The embryonic root develops just below the
point at which the cotyledons are attached to the rest of the
embryo. The embryonic shoot, tipped by a pair of miniature
embryonic leaves, develops just above the point of attach-
ment. The bean seed contains no endosperm because its
cotyledons absorb the endosperm nutrients as the seed forms.
The nutrients start passing from the cotyledons to the em-
bryo when it germinates.

A kernel of corn, an example of a monocot, is actually a
fruit containing one seed. Everything you see in the draw-
ing is the seed, except the kernel’s outermost covering. The
covering is dried fruit tissue, the former wall of the ovary, and
is tightly bonded to the seed coat. Unlike the bean, the corn
seed contains a large endosperm and a single, thin cotyledon.
The cotyledon absorbs the endosperm’s nutrients during
germination. Also unlike the bean, the embryonic root and
shoot in corn each have a protective sheath.

What is the role of the endosperm in a seed?
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51.12 The ovary develops into a fruit

[n the previous two modules, we followed the angiosperm
jfe cycle from the flower on th? sporophyte plant through
he transformation of an ovule into a seed. While the seeds
m,de\-eloping from ovules, bormonal changes triggered by
fertilization cause the flower’s ovary to grow, thicken, and
are into a fruit. A fruit is a mature ovary that acts as a
vessel, housing and protecting
seeds and helping disperse them
from the parent plant. Although a
fruit typically consists of a mature
ovary, it can include other flower
parts as well. A pea pod is a fruit
that holds the peas (the seeds of
the pea plant; Figure 31.12A). Other
easily recognizable fruits include a
peach, orange, tomato, cherry, or
corn kernel.

Figure 31.12B matches the parts
of a pea flower with what they
become in the pod. The wall of
the ovary becomes the pod. The
ovules, within the ovary, develop
into the seeds. The small, thread-
like structure at the end of the pod
is what remains of the upper part
of the flower’s carpel. The sepals
of the flower often stay attached to the base of the green pod.
Peas are usually harvested at this stage of fruit development.
If the pods are allowed to develop further, they become dry
and brownish and will split open, releasing the seeds.

As shown in the examples in Figure 31.12C, mature fruits
can be either fleshy or dry. Oranges, plums, and grapes are
examples of fleshy fruits, in which the wall of the ovary be-
comes soft during ripening. Dry fruits include beans, nuts,
and grains. The dry, wind-dispersed fruits of grasses, har-
vested while on the plant, are major staple foods for people.
The cereal grains of wheat, rice, corn, and other grasses,
though easily mistaken for seeds, are each actually a fruit
with a dry outer covering (the former wall of the ovary) that
adheres to the seed coat of the seed within.

Various adaptations of fruits help disperse seeds
(Module 17.8). The seeds of some flowering plants, such
as dandelions and maples, are contained within fruits that
function like kites or propellers, adaptations that enhance
dispersal by wind. Some fruits, such as coconuts, are ada.pted
to dispersal by water. And many angiosperms rely on animals
to carry seeds. Some of these plants have fruits modified as
burrs that cling to animal fur (or the clothes of humans).
Other angiosperms produce edible fruits, which are .u‘sually
nutritious, sweet tasting, and vividly colored, adve.ertlsmg
their ripeness. When an animal eats the fruit, it digests the
fruit’s fleshy part, but the tough seeds usually pass unhar'med
through the animal’s digestive tract. Animals may deposit the
seeds, along with a supply of fertilizer, kilometers from where
the fruit was eaten.

mat

AFigure 31.12A  Apod,
the fruit of a pea plant, holds
the peas (seeds)
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A Figure 31,12B  The correspondence between flower and fruit in the

pea plant ‘
LA Explain why tomatoes and squash are more accurately called fruits rather than
vegetables.

A Figure 31.12C A collection of fleshy (top) and dry (bottom) fruits

Seed is to as is to ovary.

L VTRRRETTL YY)

Reproduction of Flowering Plants 637

—
B e e i e e




