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Chapter 27

27.1 Sexual Reproductive Strategies

A.
Life Cycle Overview

1. In contrast to animals with only one multicellular stage in their life cycle, all plants have two: a diploid and a haploid generation.

2. In flowering plants, the diploid sporophyte is dominant, and is the generation that bears flowers.

3.
A flower, the reproductive structure of an angiosperm, produces two types of spores, microspores and megaspores.

a.
A microspore is a plant spore that develops into a male gametophyte, which is a pollen grain.


b.
A megaspore is a plant spore that develops into a female gametophyte, the embryo sac which remains within a sporophyte plant.

4. At maturity, a pollen grain (which is either windblown or carried by an animal to the vicinity of the female gametophyte) travels via a pollen tube to the embryo sac and fertilizes the egg.

5. The zygote becomes an embryo, which develops into a seed.
6. A seed contains the embryo and stored food surrounded by a seed coat.

7. The ovary becomes a fruit.

8.
The sporophyte is the generation that contains vascular tissue and has other adaptations suitable to living on land, including production of flowers.

B.
Flowers

1.
Flowers are unique to angiosperms; aside from producing the spores and protecting gametophytes, flowers attract pollinators and produce fruits to enclose the seeds.

2.
The shoot apical meristem stops forming leaves to form flowers; axillary buds can become flowers directly.

3.
Monocot flower parts are in threes or their multiples; eudicot flower parts are in fours or fives or their multiples.

4.
Sepals are leaflike, usually green; this outermost whorl protects the bud as a flower develops within. Collectively, sepals are called the calyx.
5.
Petals are interior to sepals; coloration accounts for attractiveness of many flowers. Collectively, the petals are called the corolla.
a.
The size, shape, and color of a flower are attractive to a specific pollinator.

b.
Wind-pollinated flowers often have no petals at all.

6.
Grouped about a pistil are stamens, stalked structures that have two parts.

a.
The anther is a saclike container within which pollen grains develop.

b.
A filament is a slender stalk that supports the anther.

7.
The carpel is the vaselike structure located at the center of a flower; carpels usually have three parts.

a.
The stigma is an enlarged sticky knob on the end of a style; stigma serves to receive pollen grains.

b.
The style is a slender stalk that connects stigma with the ovary.
c.
The ovary is an enlarged base of a carpel that contains a number of ovules.
8.
Not all flowers have sepals, petals, stamens, and a pistil.

a.
Complete flowers have sepals, petals, stamens, and a pistil; incomplete flowers do not.

b.
Perfect (bisexual) flowers have both stamens and a pistil.

c.
Imperfect (unisexual) flowers have only stamens or carpels.

d.
Carpellate flowers have only carpels.

9.
If staminate and carpellate flowers are on the same plant, the plant is monoecious.
10.
If staminate and carpellate flowers are on different plants, the plant is dioecious.

C.
Life Cycle in Detail

1.
In all land plants, the sporophyte produces haploid spores by meiosis; in animals, meiosis produces gametes.

2.
Flowering plants are heterosporous, producing microspores and megaspores that become sperm-bearing pollen grains and egg-bearing embryo sacs, respectively.

3.
Development of Male Gametophyte

a.
Microspores are produced in the anthers of flowers.

b.
An anther has four pollen sacs; each contains many microsporocytes (microspore mother cells).

c.
Microsporocytes undergo meiotic cell division to produce four haploid microspores.
d.
The haploid nucleus then divides mitotically forming two cells enclosed in a finely sculptured wall; this is a pollen grain, which is at first an immature male gametophyte, containing a tube cell and a generative cell. 

e.
The larger tube cell will eventually form the pollen tube. 

f.
Eventually each generative cell will divide mitotically to form two sperm.

g. Once both events have occurred, the pollen grain is the mature male gametophyte.

4.
Development of Female Gametophyte

a.
The ovary contains one or more ovules.

b.
An ovule is covered by parenchymal cells except for one small opening, the micropyle.

c.
One parenchyma cell enlarges to become a megasporocyte that undergoes meiotic cell division to produce four haploid megaspores.

d.
Three megaspores are nonfunctional; one megaspore nucleus divides mitotically into eight nuclei in a female gametophyte.
e.
When cell walls form around the nuclei later, there are seven cells, one of which is binucleate.

f.
The female gametophyte (or embryo sac) consists of seven cells: 

1)
One egg cell, 

2)
Two synergid cells, 

3)
One central cell with two polar nuclei, and

4)
Three antipodal cells.

5.
Development of New Sporophyte 

a. Walls separating the pollen sacs in the anther break down when the pollen grains are to be released.

b. Pollination is the transfer of pollen from an anther to the stigma of a carpel. 

c. Self-pollination is transfer of pollen from anther to stigma of the same plant.

d. Cross pollination is transfer of pollen from anther of one plant to stigma of another plant; plants often have mechanisms that promote cross pollination such as the carpel only maturing after anthers have released their pollen.

e. When a pollen grain lands on a stigma, it germinates, forming a pollen tube.

f. A germinated pollen grain, containing a tube cell and two sperm, is the mature male gametophyte.

g. As a pollen tube grows, it passes between the cells of the stigma and the style to reach the micropyle of an ovule.

h. Double fertilization occurs after the release of both sperm cells into the ovule.

i. One sperm nucleus unites with the egg nucleus, forming a 2n zygote.

j. The other sperm nucleus migrates and unites with the polar nuclei of the central cell, forming a 3n endosperm cell.

k. The zygote divides mitotically to become the embryo; the endosperm nucleus divides mitotically to become the endosperm.
l. The endosperm is tissue that will nourish the embryo and seedling as they undergo development. 

m. A mature seed contains:

1)
The embryo

2)
Stored food

3) 
The seed coat


5.
Cross pollination



a.
Some species rely on wind pollination (grasses, grains).



b.
Much of the plant’s energy goes into making pollen to ensure that some pollen grains actually reach a stigma.




c.
The use of animal pollinators is unique to flowering plants and it helps account for why these plants are so successful on land.




d.
Coevolution means that as one species changes, the other changes too, so that in the end, the two species are suited to one another. 



27.2  Seed Development

1.
Development of the seed is the next event in the life cycle of the angiosperm.

2.
Plant growth and development involves cell division, cell elongation, and differentiation of cells into tissues and then organs.

A.
Stages of Eudicot Development

1.
Zygote and Proembryo Stages


a.
Immediately after double fertilization, the endosperm nucleus divides to produce a mass of endosperm surrounding the embryo.


b.
The single-celled zygote also divides, but asymmetrically, forming two parts: embryo and suspensor, which anchors the embryo and transfers nutrients to it from the sporophyte plant. 

3.
Globular Stage

a.
During this stage, the proembryo is a ball of cells.

b.
The root-shoot axis is established; cells near the suspensor will become a root, those at the opposite end will become a shoot.  

c.
The outermost cells become dermal tissue; by dividing with the cell plate perpendicular to the surface, they produce one outer cell layer.

d.
Dermal tissue prevents desiccation and also has stomata that regulate gas exchange.

4.
The Heart Stage and Torpedo Stage Embryos

a.
The embryo has a heart-shape when the cotyledons appear; it then grows to a torpedo shape. 

b.
With elongation, the root and shoot apical meristems are distinguishable.

c.
Ground meristem responsible for most of the interior of the embryo is also present now.

5.
The Mature Embryo

a.
After differentiation into embryo and suspensor, one or two cotyledons develop.

b.
The embryo continues to differentiate into three parts.

c.
The epicotyl is between the cotyledons and first leaves; it contributes to shoot development.

d.
The hypocotyl is below the cotyledon and contributes to stem development.

e.
The radicle is below the hypocotyl and contributes to root development.

f.
The cotyledons are quite noticeable in a eudicot embryo, and may fold over.

B.
Monocots Versus Eudicot Seeds


1.
Monocots have only one cotyledon.


a.
In monocots, the cotyledon rarely stores food.


b.
It absorbs food molecules from the endosperm and passes them to the embryo.


2.
Eudicots have two cotyledons


a.
During development of a eudicot embryo, cotyledons usually store the nutrients the embryo uses. 


b.
The endosperm seemingly disappears as the nutrients are consumed.
C.
Plants and Their Pollinators (Evolution reading)


1.
Plants and their pollinators have a mutualistic relationship in which each benefits.



a.
Plants use pollinators to ensure that cross-pollination takes place.



b.
The pollinator uses the plant as a source of food.


2.
This relationship came about through coevolution—codependency of the plant and the pollinator is the result of suitable changes in the structure and function of each.


3.
Bee-Pollinated Flowers

a.
Bees do not see red wavelengths but do see ultraviolet wavelengths.

b.
Bee-pollinated flowers are usually brightly colored and predominatly blue or yellow. They may also have ultraviolet shadings called nector guides.


c.
In addition, the bees’ mouthparts are adapted to sucking the plant’s nectar.

d.
When bees travel to one flower, the pollen attaches to their body. When they travel to the next flower, they deposit the pollen, participating in cross pollination.

e.
Bee pollinated flowers are also sturdy, often with a landing pad, able to support the weight of the bee.

4.
Moth- and Butterfly-Pollinated Flowers



a.
Moths feed at night and have a well-developed sense of smell.

b.
Moth pollinated flowers are usually light colored and have a strong, sweet perfume to attract the moths.

c.
Moth pollinated flowers have deep tubes with open margins to allow the moths to reach the nectar with their long proboscis.

d.
In contrast, butterflies feed during the day, have good vision, but weak sense of smell.

e.
Butterfly pollinated flowers have bright colors and are odorless.


5.
Bird- and Bat-Pollinated Flowers

a.
Hummingbirds have good eyesight but have a weak sense of smell, and hover when they feed.

b.
Hummingbird pollinated flowers are red, with a slender floral tube and margins that are curved back and out of the way, and have little odor.

c.
Bats are nocturnal and have an acute sense of smell.

d.
Bat pollinated flowers open only at night and are light-colored or white. They also have a similar odor that bats produce to attract each other.


6.
Coevolution

a.
The use of animal motility to achieve cross-fertilization resulted in the evolution of flowers, which have features to attract pollinators.

b.
As cross-fertilization continued, more and more flower variations likely developed, and pollinators became increasingly adapted to specific angiosperm species.

c.
The success of angiosperms has probably contributed to the success of insects, and visa versa.

27.3  Fruit Types and Seed Dispersal  

1.
A fruit is a mature ovary that encloses seeds; sometimes they retain other flower parts. 

2.
Fruits serve to protect and disperse offspring.

3.
The fruit protects the peach seed well but makes germination difficult; the peas escape easily but are lightly protected. 

A.
Kinds of Fruits 

1.
Fruits can be simple or compound.

a.
Simple fruit develops from a single carpel or several fused carpels of a compound ovary.

b. 
A compound fruit develops from several individual ovaries.

c.
An aggregate fruit develops from ovaries from a single flower (e.g., blackberry).

d.
A multiple fruit develops from ovaries from separate flowers fused together (e.g., pineapple).

2.
As fruit develops, the ovary wall thickens to become the pericarp, which can have as many as three layers:

a.
The exocarp forms the outermost skin of a fruit.

b.
The mesocarop is often the fleshy tissue between the exocarp and endocarp of the fruit.

c.
The endocarp serves as the boundary between the seed(s). It may be hard (peach pits), or papery (apples).

3.
Legumes and cereal grains are examples of dry fruits; such fruits are mistaken for seeds because a dry pericarp adheres to the seed within.

a.
Legumes are dehiscent because they split open when ripe. 

b.
Grains are indehiscent because they do not split open when ripe.

B.
Dispersal of Fruits

1.
Many dry fruits are wind dispersed.

a.
Woolly hairs, plumes, and wings are adaptations for wind dispersal.

2.
Other fruits are animal dispersed.

a.
Hooks and spines of clover, bur, and cocklebur attach to the fur of animals.

b.
Fleshy fruit attract animals and provide them with food, and they defecate the seeds at a distance.

c.
Squirrels and other animals gather seeds and fruits and bury them some distance away.

C.
Seed Germination 


1.
Seed germination occurs when growth and metabolic activity resume.

2.
Some seeds do not germinate until they have been dormant for a period of time.

a.
Seed dormancy is a time during which no growth occurs even though conditions are favorable.

b.
In temperate zones, seeds may have to be exposed to cold weather before dormancy is broken.

c.
Fleshy fruits contain inhibitors so that germination does not occur while the fruit is still on the plant.

d.
For some seeds to take up water, bacterial action and even fire is required (e.g. Pinus banksiana).

e.
Once water enters, the seed coat bursts and the seed germinates.


3.
Prior to germination, a eudicot embryo consists of the following:

a.
Two cotyledons that supply nutrients to the embryo and seedling, but soon shrivel and disappear;

b.
A plumule—a rudimentary plant that consists of an epicotyl bearing young leaves;

c.
The hypocotyl, which becomes the stem; and


d.
The radicle, which develops into roots. 


4.
In monocots, the endosperm is the food-storage tissue and the cotyledon does not have a storage role.

a.
A monocot “seed” such as a corn kernel is actually the fruit and the outer covering is the pericarp. 

b.
The plumule and radicle are enclosed in protective sheaths, the coleoptile and the coleorhiza, respectively.

c.
The plumule and radicle burst through these coverings when germination occurs.

27.4  Asexual Reproduction Strategies

A.
Asexual Reproduction from Stems, Roots, and Cuttings
1.
In asexual reproduction, offspring arise from a single parent and inherit genes of that parent only.

a.
Asexual reproduction is often advantageous when the parent is already adapted to a particular environment and the production of genetic variations is not a necessity.


2.
Types of asexual reproduction include:

a.
Plant reproduction via stolons—aboveground horizontal stems.


1) 
The asexual offspring grows from the stolons off of the parent plant.


2) 
The characteristics of the offspring are identical to those of the parent plant.



b.
Plant reproduction via rhizomes—underground stems.

1)
Irises have no aboveground stem because their main stem is a rhizome that grows horizontally underground. 

2) 
New plants grow at the nodes of a rhizome.

3)
Each eye of a potato plant tuber is a bud that produces a new plant.



c.
Many trees can be started from small “suckers.”

1)
Stem cuttings have long been used to propagate a wide array of plants (e.g., sugarcane, pineapple).

2)
In these plants, a cut stem will automatically produce roots.

3)
The discovery that auxin will cause roots to develop has expanded our ability to use stem cuttings.

B.
Tissue Culture of Plants

1.
Tissue culture is the process of growing tissue artificially in a liquid or solid culture medium.

2.
Many plant cells are totipotent; each cell has full genetic potential of the organism.

3.
Three methods of cloning plants due to the ability of plants to grow from single cells are: 

a.
Somatic embryogenesis


1)
In this method, hormones are added to the medium and they cause leaf or other tissue cells to generate small masses of cells, which can be genetically engineerd before being allowed to become many new identical plants.


2)
Tomato, rice, celery, asparagus, lilies, begonias, and African violets have been produced using somatic embryogenesis.


3)
Not all plants are genetically identical clones because mutations, called somaclonal variations, can arise spontaneously during the production process. 

b.
Meristem tissue culture 


1)
Meristem culture micropropagates many new shoots from a single shoot apex culture in a medium with correct proportions of hormones.

2)
When the shoots are removed, more shoots form.

3)
Meristem culture generates meristem that is virus-free; the plants produced are also virus-free.

c.
Anther tissue culture

1)
Haploid cells within pollen grains are cultured in order to produce haploid plantlets. 

2)
A diploid (2n) plantlet can be produced if chemical agents are added to the culture.


3)
Similarly to meristem tissue cultures, the offspring are genetically identical to the parent plant.

4.
Cell suspension culture allows scientists to extract chemicals from plant cells in high concentrations without having to overcollect wild-type plants growing in their natural environment.

a.
Single cells or small clumps form a suspension of cells; all produce the same chemicals as the entire plant.

