Sexual reproduction in plants

Structure of an insect-pollinated dicotyledonous plant
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a) Sepals cover the flower structure while the flower is developing. In some species these are modified to 'petals'. They are usually green and protect the flower in bud. The collective name for the sepals is calyx.
b) Petals surround the male and female flower parts. Function is to attract animal pollinators – they are usually brightly coloured and have a scent. They may also produce nectar.
c) The stigma is the surface on which pollen lands and the pollen tube grows down to the ovary.

d) The style connects the stigma to the ovary.

e) The ovary contains the ovules (contain single egg nuclei). The stigma, style and ovary make up the carpel.
f) Filaments support the anthers that produce the pollen grains. The filaments also contain vascular tissue which transports the food materials required for the formation of pollen grains. The anthers are usually made up of four pollen sacs arranged in two pairs. Together they are called the stamen. 

Pollination
Pollination is the transfer of pollen from anthers to stigmas. If the transfer occurs between two plants of different genetic make-up i.e. another plant of the same species the process is cross-pollination. If the transfer takes place between flowers of identical genetic constitution, the process is self-pollination. We often think of self-pollination as occurring within a single flower on a plant because the petals so enclose the stamens that the pollen has little chance of escaping, but it also occurs when pollen is transferred between different flowers on the same plant. 
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                             Cross pollination
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                Self pollination
Flowers are highly adapted for cross-pollination by either insects or wind. The table below summarises the differences between insect-pollinated flowers and wind-pollinated flowers:

	Insect-pollinated flowers
	Wind-pollinated flowers

	Conspicuous flowers with large brightly coloured petals
	Inconspicuous flowers with small drab (green or brown) petals or no petals

	Scented
	Not scented

	Nectaries present
	Nectaries absent

	Relatively low pollen production (pollen is sticky)
	Very high pollen production

	Stamens enclosed in flower so that insect brushes past them
	Stamens pendulous (hang outside the flower)

	Stigmas relatively small and sticky
	Stigmas large, feathery, and hang outside the flower

	Pollen relatively large and often spiny
	Pollen small, light and usually smooth

	Plants often single or in small groups
	Plants often in dense groups covering a large area

	Very complex structural modifications to attract insects
	Relatively simple flower
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The genetic consequences of self- and cross-pollination
While self-pollination is an advantage to a plant if there are no similar plants nearby, it results in in-breeding. This leads to a reduction in the gene pool and therefore reduces variation in the population. It also increases the chance of two undesirable recessive alleles being brought together at fertilisation.
Self-pollinated species depend on random assortment and crossing over during meiosis, and on mutation, to bring about variation in the genomes of male and female gametes. Therefore self-fertilised species display less genetic variation than cross-fertilised species.
Cross-pollination has the advantage of providing more genetic variation. Mechanisms favouring cross-pollination include:

· Having separate male and female plants (e.g. willow)

· Having separate male and female flowers on one plant (e.g. hazel)
· Anthers and stigmas maturing at different times (e.g. bluebell)

· Structural adaptations which make self-pollination unlikely e.g. in primroses the anthers and stigmas are arranged at different levels on the flower so that cross-pollination between pin-eyed and thrum-eyed flowers is favoured.
While out-breeding is of greater evolutionary significance due to the fact that some genomes are more successful than others in the struggle for survival, there are advantages to in-breeding e.g. it preserves good genomes which may be suited to a relatively stable environment.

Fertilisation
In order for fertilisation to occur diploid cells in the pollen grain undergo meiosis to form haploid cells. Each of these cells develops into a pollen grain. This has a thick outer wall, the exine, and a thin inner wall, the intine. A diploid cell in the ovule undergoes meiosis to form a haploid cell.

Pollination does not always lead to fertilisation. The fate of a pollen grain after it has been transferred to a stigma depends on whether it is compatible with the stigma. Compatible pollen grains absorb water from the stigma by osmosis and swells. A pollen tube develops out of the swelling and grows through an aperture (thin area) in the outer coat of the pollen grain. A sugar solution secreted by the stigma may provide nourishment for the germinating pollen grain.
After the pollen tube has emerged, it grows down through the style and the ovary wall, digesting its way through the tissue by secreting hydrolytic enzymes at its tip. The growth is controlled by the pollen tube nucleus in the tip of the tube. During the growth of the pollen tube the haploid generative nucleus of the pollen grain divides by mitosis to form two haploid male nuclei. These are the male gametes and they eventually move down the pollen tube and fuse with the polar body and the egg cell (ovum).
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When the pollen tube reaches the micropyle, it penetrates into the embryo sac. The tube nucleus disintegrates and the tip of the pollen tube bursts, leaving a clear passage for the two male gametes to move into the embryo sac. One male game fuses with the two polar nuclei, producing a triploid nucleus which develops into the endosperm (food store) of the seed. The other male gamete fuses with the egg cell, forming a zygote.
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Development of the seed and fruit
Soon after fertilisation the ovule develops into a seed. The outer integument of the ovule becomes the testa (seed coat). The endosperm nucleus divides rapidly by mitosis to form a food store.
While the endosperm is forming, the zygote divides by mitosis to form the embryo, which consists of a plumule (developing shoot), a radicle (developing root) and one or two seed leaves or cotyledons. Food is supplied by the parent plant through the vascular bundles of the funicle (the stalk connecting the ovule to the parent).
While the seeds are developing, the ovary wall grows to let them expand. The mature ovary becomes the fruit, the outer wall of which is known as the pericarp.
Dicotyledonous seed structure and function
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This is a diagram of a broad bean. It is classed as a dicotyledon as it has two seed leaves (cotyledons) whereas maize is classed as a monocotyledon as it only has one cotyledon. 

a) The testa protects the plant embryo and the cotyledon food stores

b) The radicle is the embryonic root 

c) The plumule is the embryonic stem or shoot
d) The cotyledons contain food store for the seed 

e) The micropyle is a hole in the testa (from pollen tube fertilisation) through which water can enter the seed prior to germination

f) The scar is where the ovule was attached to the carpel wall.

Conditions for the germination of a typical seed
After a period of dormancy, and when conditions are favourable, stored food will be mobilised and the seed will germinate. Seeds require a combination of 

· oxygen for the release of energy in the form of ATP during aerobic respiration 

· water to metabolically activate the cells (mobilisation of enzymes, vacuolation of cells, transport) 

· a suitable temperature for optimal function of enzymes 

for their successful germination. Each seed has its own particular combination of the above three factors.

It may be that in a particular species these processes need to be proceeded by other more specialised conditions such as:

· fire 

· freezing 

· passing through digestive system of a seed dispersing animal 

· washing to remove inhibitors (beans) 

· erosion of the seed coat (Poppy) 

The particular conditions required by a seed allow it to match germination to favourable conditions. 

Mobilisation of food reserves during germination of a starchy seed
Germination of the broad beans starts with a rapid intake of water, usually through the micropyle. Food sources can only be used as an energy source in the presence of water, as water is needed for the hydrolytic enzymes to convert insoluble storage polymers into soluble products. The increase in water content speeds up metabolism inside the seed. This allows the seed to start growing.

First the radicle (embryonic root) swells, bursts through the seed coat by turgor pressure and grows downwards into the soil. As it grows, it quickly develops a root system with lateral roots and root hairs. This ensures that the young seedling is safely anchored in the soil and is able to gain water and nutrients for its growth. Once the radicle is established, the plumule (embryonic shoot) emerges and grows upwards out of the soil.

During germination the cotyledons of the broad bean remain below ground. Mitotic division of the cells in the epicotyls (the area just above the cotyledons) pushes the plumule out of the soil. The plumule adopts a hooked shape to protect its delicate tip as it grows through the soil. The tip acts as the main growth region (meristem) of the shoot after the leaves have grown and started photosynthesising. Once a seedling is able to photosynthesise, germination of the seed is complete and the life of the young plant begins.
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The metabolic events of seed germination:

a) Water absorbed and the activation of cotyledon cells

b) Synthesis of gibberellin which is a plant growth substance. 

c) The gibberellin brings about the synthesis of the carbohydrase enzyme amylase.
d) Starch is hydrolysed to maltose before being absorbed by the embryonic plant

e) The maltose can be further hydrolysed to glucose for respiration or polymerised to cellulose for cell wall formation.
