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LECTURE NOTES

Modifications in reproduction were key adaptations enabling plants to spread into a variety of terrestrial habitats.

· Water has been replaced by wind and animals as a means for spreading gametes.

· Embryos are protected in seeds.

· Vegetative reproduction is an asexual mechanism for propagation in many environments.

I.
Sporophyte and gametophyte generations alternate in the life cycles of plants: an overview

The angiosperm (flowering plant) life cycle includes alternation of generations during which multicellular haploid gametophyte generations alternate with diploid sporophyte generations. (See Campbell, Figure 34.1)

· The sporophyte is the recognizable "plant" most familiar to us. It produces haploid spores by meiosis in sporangia.

· Spores will undergo mitotic division and develop into a multicellular male or female gametophyte.

· Gametophytes produce gametes (sperm and egg) by mitosis. The gametes fuse to form a zygote which develops into a multicellular sporophyte.

· The sporophyte is dominant in the angiosperm life cycle with the gametophyte stages being reduced and totally dependent on the sporophyte.

Flowers are the reproductive structure of angiosperm sporophytes.

· Evolved from compressed shoots with four whorls of modified leaves separated by very
s
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· The four sets of modified leaves are the: sepals, petals, stamens, and carpels.

· Stamens and carpels contain the sporangia and are the reproductive parts of the flower.

Female gametophytes develop in carpel sporangia as embryo sacs which contain the eggs. This occurs inside the ovules which are at the base of the carpel and surrounded by ovaries.

Male gametophytes develop in the stamen sporangia as pollen grains. These form at the stamen tips within chambers of the anthers.
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Pollination occurs when wind- or animal-born pollen released from anthers lands on the stigma at the tip of a carpel.

· A pollen tube grows from the pollen grain, down the carpel, into the embryo sac.

· Sperm are discharged resulting in fertilization of the eggs.

· The zygote will develop into an embryo; as the embryo grows, the ovule surrounding it develops into a seed.

· While seed formation is taking place, the entire ovary is developing into a fruit which will contain one or more seeds.

Seeds are dispersed from the source plant when fruits are moved about by the wind or animals.

· Seeds deposited in soil of the proper conditions (moisture, nutrients) will germinate.

· The embryo starts growing and develops into a new sporophyte.

· After flowers are produced by the sporophyte, a new generation of gametophytes develop and the life cycle continues.

A. More About Flowers

Several variations on the basic flower structure have evolved during the angiosperm evolutionary history.

Complete flower = A flower with sepals, petals, stamens and carpels.

Incomplete flower = A flower that is missing one or more of the parts listed for a complete flower (e.g. most grasses do not have petals on their flowers).

Perfect flower = A flower having both stamens and carpels (may be incomplete by lacking either sepals or petals).

Imperfect flower = A flower that is either staminate (having stamens but no carpels) or carpellate (having carpels but no stamens) - a unisex flower.

Monoecious = Plants having both staminate flowers and carpellate flowers on the same individual plant.

Dioecious = Plants having staminate flowers and carpellate flowers on separate individual plants of the species.

See Campbell, Figure 34.3, for a review of additional differences in flower structure.
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II.
Male and female gametophytes develop within anthers and ovaries, respectively A. Pollen Development

Pollen grain = The immature male gametophyte that develops within the anthers of stamens in an angiosperm.

· Extremely durable; their tough coats are resistant to biodegradation.

· Fossilized pollen has provided many important evolutionary clues.

· Formation of a pollen grain is as follows: (See Campbell, Figure 34.4a)

Within the sporangial chamber of an anther,
diploid microsporocytes undergo meiosis to
form four haploid microspores.

1

The haploid microspore nucleus undergoes
mitotic division to give rise to a generative
cell and a tube cell.

1

The wall of the microspore then thickens
and becomes sculptured into a species​
specific pattern.

1

These two cells and the thickened wall
are the pollen grain, an immature
male gametophyte.

B. Ovule Development

Ovule = Structure which forms within the chambers of the plant ovary and contains the female sporangium.

The female gametophyte is the embryo sac, and it develops as follows:

A megasporocyte in the sporangium of each ovule
grows and goes through meiosis to form 4
haploid megaspores (only one usually survives).

1

The remaining megaspore grows and its
nucleus undergoes 3 mitotic divisions,
forming 1 large cell with 8 haploid nuclei.

1

Membranes partition this into a multicellular
embryo sac.
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Within the embryo sac:

· The egg cell is located at one end and is flanked by two other cells (synergids).

· At the opposite end are 3 antipodal cells.

· The other 2 nuclei (polar nuclei) share the cytoplasm of the large central cell.

· At the end containing the egg is the micropyle (an opening through the integuments surrounding the embryo sac).

III.
Pollination brings female and male gametophytes together A.
Pollination

Pollination = The placement of pollen onto the stigma of a carpel.

· Some plants use wind to disperse pollen.

· Other plants interact with animals that transfer pollen directly between flowers.

•
Some plants self-pollinate, but most cross-pollinate.

Most monoecious angiosperms have mechanisms to prevent self-pollination. These

mechanisms thus contribute to genetic variation in the species by ensuring sperm and eggs are from different plants.

· The stamens and carpels mature at different times in some species.

· Structural arrangement of the flower in many species pollinated by animals reduces the chance that pollinators will transfer pollen from anthers to the stigma of the same flower.

· Other species are self-incompatible. If a pollen grain lands on the stigma of the same flower, a biochemical block prevents the pollen grain from developing and fertilizing the egg.

B. The Molecular Basis of Self-Incompatibility

Self-Incompatibility = The rejection of pollen from the same, or closely related, plant by the stigma.

Self-incompatibility is a single-gene-based mechanism.

· The S-locus is responsible for this reaction.

· Many alleles for the S-locus are found in a plant population's gene pool.

· A pollen grain that lands on a stigma with matching alleles at the S-locus is self​incompatible.

The pollen grain will either not adhere strongly to the stigma or the pollen tube will not develop and invade the ovary.

= This prevents self-fertilization and fertilization between plants with a common S-locus (usually closely related plants).
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The S-locus consists of multiple transcription units (codes for several proteins) that are so tightly linked that they are inherited as if they were a single gene.

· One protein produced by a unit of the S-locus is a ribonuclease (RNA digesting enzyme).

If the pollen and stigma have matching S-alleles, the stigma releases a ribonuclease that destroys RNA in the pollen tube, thus preventing growth of the pollen tube.

· Current research indicates recognition of "self' pollen and the stigma's response are based in other proteins produced by the S-locus. = A second protein produced by the S-locus is secreted into the cell walls of the

stigma cells; this protein may function as a specific receptor for molecules

secreted by pollen of matching S-type.

A third enzyme produced by the S-locus is a kinase (regulatory protein).

· The current hypothesis is that the receptor molecule signals the presence of molecules from "self"pollen.

The kinase relays this signal across the plasma membrane to the cytoplasm of the stigma cell.

= The stigma cell then triggers a rejection response to the pollen.

Studies on self-incompatibility may lead to benefits for agricultural production.

•
Many important agricultural plants are self-compatible.

Different varieties of these crop plants are hybridized to combine the best traits of the varieties and prevent loss of vigor from excessive inbreeding.

= To maximize the numbers of hybrids, plant breeders prevent self-fertilization by laboriously removing the anthers from parent plants that provide the seeds.

· If the molecular mechanism responsible for self-incompatibility can be imposed on normally self-compatible crop species, production of hybrids would be simplified.

C. Double Fertilization

When a compatible pollen grain (different S-locus alleles) lands on a stigma of an angiosperm, double fertilization occurs. (See Campbell, Figure 34.5)

Double fertilization = The union of two sperm cells with two cells of the embryo sac.

· After adhering to a stigma, the pollen grain germinates and extends a pollen tube between the cells of the style toward the ovary.

· The generative cell divides (mitosis) to form two sperm. (A pollen grain with a tube enclosing two sperm = mature male gametophyte.)

· Directed by a chemical attractant (usually calcium), the tip of the pollen tube enters through the micropyle and discharges its two sperm nuclei into the embryo sac.

· One sperm unites with the egg to form the zygote.

· The other sperm combines with the two polar nuclei to form a 3N nucleus in the large central cell of the embryo sac. = This central cell will give rise to the endosperm which is a food storing tissue.

After double fertilization is completed, each ovule will develop into a seed and the ovary will develop into a fruit surrounding the seed(s).
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IV.
The ovule develops into a seed containing a sporophyte embryo and a supply of nutrients

A. Endosperm Development

Endosperm development begins before embryo development.

· The triploid nucleus divides to form a milky, multinucleate "supercell" after double fertilization.

· This endosperm undergoes cytokinesis to form membranes and cell walls between the nuclei, thus, becoming multicellular.

Endosperm is rich in nutrients, which it provides to the developing embryo.

The endosperm in most monocots stocks nutrients which are available to the seedling after germination.

In many dicots, food reserves of the endosperm are exported to the cotyledons, thus mature seeds have no endosperm.

B. Embryo Development (Embryogenesis)

During embryogenesis: (See Campbell, Figure 34.6)

· The zygote's first mitotic division is transverse, creating a larger basal cell and a smaller terminal cell.

· The basal cell divides transversely to form the suspensor, which anchors the embryo and transfers nutrients to it from the parent plant.

· The terminal cell divides several time to form a spherical proembryo attached to the suspensor.

· Cotyledons appear as bumps on the proembryo and the embryo elongates. = The apical meristem of the embryonic shoot is located between the cotyledons.

· Where the suspensor (the opposite end of the axis) attaches is the apex of the embryonic root with its meristem.

= The basal cell gives rise to part of the root meristem in some species.

· After germination, the apical meristems at the root and shoot tips will sustain primary growth.

= The embryo also contains protoderm, ground meristem and procambium.

· Two features of plant form are established during embryogenesis. = The root-shoot axis with meristems at opposite ends.

A radial pattern of protoderm, ground meristem, and procambrium ready to produce the dermal, ground, and vascular tissue systems.
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C. Structure of the Mature Seed

In mature seeds, the embryo is quiescent until germination.

· The seed dehydrates until its water content is only 5-15% by weight.

· The embryo is surrounded by endosperm, enlarged cotyledons, or both.

· The seed coat is formed from the integuments of the ovule.

The arrangement within the seed of a dicot is shown in Figure 34.7a.

· Below the cotyledon attachment point, the embryonic axis is termed the hypocotyl, which terminates in the radicle, or embryonic root.

· Above the cotyledons, the embryonic axis is termed the epicotyl, which terminates in the plumule (shoot tip with a pair of tiny leaves).

· Fleshy cotyledons are present in some dicots before germination due to their absorption of nutrients from the endosperm.

· In other dicots, thin cotyledons are found and nutrient absorption and transfer occurs only after germination.

A monocot seed has a single cotyledon called the scutellum.

· The scutellum has a large surface area and absorbs nutrients from the endosperm during germination.

· The embryo is enclosed in a sheath comprised of the coleorhiza (covers the root) and the coleoptile (covers the shoot).

V.
The ovary develops into a fruit adapted for seed dispersal

A fruit develops from the ovary of the flower while seeds are developing from the ovules.

· A fruit protects the seeds and aids in their dispersal by wind or animals.

· In some angiosperms, other floral parts also contribute to formation of what we call fruit:

The core of an apple is the true fruit.

The fleshy part of the apple is mainly derived from the fusion of flower parts located at the base of the flower.

A true fruit is a ripened ovary.

· Pollination triggers hormonal changes that cause the ovary to grow.

· The wall of the ovary thickens to become the pericarp.

· Transformation of a flower into a fruit parallels seed development and is called fruit set.

· In most plants, fruit does not develop without fertilization of ovules. (In parthenocarpic plants, fruit does develop without fertilization.)
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Depending upon their origin, fruits can be classified as:

I. Simple fruits.

•
Fruit derived from a single ovary. For example, cherry (fleshy) or soybean (dry). 2. Aggregate fruits.

· Fruit derived from a single flower with several separate carpels. For example, a strawberry.

3. Multiple fruits.

· Fruit derived from an inflorescence or separate tightly clustered flowers. For example, pineapple.

Fruits ripen about the time seeds are becoming fully developed.

· In dry fruits, such as soybean pods, the fruit tissues age and the fruit (pod) opens and releases the seeds.

•
Fleshy fruits ripen through a series of steps guided by hormonal interactions.

The fruit becomes softer as a result of enzymes digesting the cell wall components.

Colors usually change and the fruit becomes sweeter as organic acids or starch are converted to sugar.

These changes produce an edible fruit which entices animals to feed, thus dispersing the seeds.

VI.
Evolutionary adaptations in the process of germination increase the probability that seedlings will survive

Seed germination represents the continuation of growth and development which was interrupted when the embryo became quiescent at seed maturation.

· Some seeds germinate as soon as they reach a suitable environment.

•
Other seeds require a specific environmental cue before they will break dormancy. A. Seed Dormancy

The evolution of the seed was an important adaptation by plants to living in terrestrial habitats.

· The environmental conditions in terrestrial habitats fluctuate more often than conditions in aquatic habitats.

Seed dormancy prevents germination when conditions for seedling growth are unfavorable.

· It increases the chance that germination will occur at a time and place most advantageous to the success of the seedling.
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Conditions for breaking dormancy vary depending on the type of environment the plant inhabits.

· Seeds of desert plants may not germinate unless there has been heavy rainfall (not after a light shower).

· In chaparral regions where brushfires are common, seeds may not germinate unless exposed to intense heat, after a fire has cleared away older, competing vegetation.

· Other seeds may require exposure to cold, sunlight or passage through an animal's digestive system before germination will occur.

A dormant seed may remain viable for a few days to a few decades (most are viable for at

least a year or two). This provides a pool of ungerminated seeds in the soil which is one reason vegetation appears so rapidly after environmental disruptions.

B. From Seed to Seedling

The first step in seed germination in many plants is imbibition (absorption of water).

· Hydration causes the seed to swell and rupture the seed coat.

· Hydration also triggers metabolic changes in the embryo that cause it to resume growth.

· Storage materials of the endosperm or cotyledons are digested by enzymes and the nutrients transferred to the growing regions of the embryo.

For example, the embryo of a cereal grain releases a hormone (a gibberellin) as a

messenger to the aleurone (outer layer of endosperm) to initiate production of (X​amylase and other enzymes that digest starch stored in the endosperm.

•
The radicle (embryonic root) then emerges from the seed.

The next step in the change from a seed to a seedling is the shoot tip breaking through the

soil surface.

· In many dicots, a hook forms in the hypocotyl.

=> Growth pushes the hypocotyl above ground.

· Light stimulates the hypocotyl to straighten, raising the cotyledons and epicotyl.

· The epicotyl then spreads the first leaves which become green and begin photosynthesis.

Germination may follow different methods depending on the plant species.

· In peas, a hook forms in the epicotyl and the shoot tip is lifted by elongation of the epicotyl and straightening of the hook.

= The cotyledons remain in the ground.

· In monocots, the coleoptile pushes through the soil and the shoot tip grows up through the tunnel of the tubular coleoptile.

Only a small fraction of the seedlings will survive to the adult plant stage.

· Large numbers of seeds and fruits are produced to compensate for this loss.

· This utilizes a large proportion of the plant's available energy.
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VII. Many plants can clone themselves by asexual reproduction

Asexual reproduction (or vegetative reproduction) = The production of offspring from a single parent; occurs without genetic recombination, resulting in a clone.

· Meristematic tissues composed of dividing, undifferentiated cells can sustain or renew

growth indefinitely.

· Parenchyma cells can also divide and differentiate into various types of specialized cells.

There are two major natural mechanisms of vegetative reproduction:

Fragmentation = Separation of a parent plant into parts that reform whole plants.

· The most common form of vegetative reproduction.

· Some species of dicots exhibit a variation of fragmentation during which the parental

root system develops adventitious shoots that become separate shoot systems.

Apomixis = The production of seeds without meiosis and fertilization.

· A diploid cell in the ovule gives rise to an embryo.

· The ovules mature into seeds which are dispersed.

· An example would be a dandelion.

VIII. Vegetative reproduction of plants is common in agriculture

There are several methods of vegetative propagation in agriculture:

· Most are based on the ability of plants to form adventitious roots or shoots.

· The objective being to improve crops, orchards, and ornamental plants.

A. Cones from Cuttings

Clones may be obtained from either shoot or stem cuttings (plant fragments).

· At the cut end of the shoot, a mass of dividing, undifferentiated cells form (called a callus).

· Adventitious roots then form from the callus.

· Cuttings may come from stems, leaves (African violets), or specialized storage stems (potatoes).

It is possible to combine the best qualities of different varieties or species by grafting a twig of one plant onto a closely related species or different variety of the same species.

· The plant providing the root system is the stock.

· The twig grafted onto the stock is the scion.

· The quality of a fruit is usually determined by the scion, although sometimes the stock can alter the characteristics of the shoot system that develops from the scion.
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B. Test-Tube Cloning and Related Techniques

Test-tube cloning makes it possible to culture small explants (pieces of parental tissue) or single parenchyma cells on an artificial medium containing nutrients and hormones. (See Campbell, Figure 34.12)

· The cultured cells divide to form an undifferentiated callus.

· The callus sprouts fully differentiated roots and shoots when the hormone balance of the culture media is manipulated.

•
A single plant can be cloned into thousands by subdividing calluses as they grow. Cultured explants may also be used to produce "artificial seeds."

· Composed of somatic embryos, nutrients, and small amounts of fertilizer in an artificial seed coat made of polysaccharide gel.

· The somatic embryos are derived asexually from somatic cells.

· Has the advantage that all plants growing from the same set will mature at the same time.

Tissue culture is often used to regenerate genetically engineered plants.

· Foreign genes are typically introduced into small pieces of plant tissue or into single plant cells.

· The use of test-tube culture techniques permits the regeneration of genetically altered plants from a single plant cell that received foreign DNA.

The protein quality of sunflower seeds has been improved in transgenic plants which received a gene for bean protein as cultured cells.

Protoplast fusion, coupled with tissue culture methods, can produce new plant varieties that can be cloned.

· Protoplasts are plant cells which have had their cell walls removed.

· Protoplasts may be fused to form hybrid protoplasts.

· Protoplast can be screened for mutations that will improve the agricultural value of the plant.

· Protoplasts regenerate cell walls and become hybrid plantlets.

C. Benefits and Risks of Monoculture

Monoculture = The cultivation of large areas of land with a single plant variety.

Genetic variability in many crops has been purposefully reduced by plant breeders who have elected self-pollinating varieties or used vegetative reproduction to clone exceptional plants.

· Benefits of such genetic unity are: plant growth is uniform; fruits ripen in unison; crop yields are dependable.

· A great disadvantage is that little genetic variability means little adaptability. One disease could destroy a whole plant variety.

· "Gene banks", where seeds of many plant varieties are stored, are maintained to retain diverse varieties of crop plants.
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IX.
Sexual and asexual reproduction are complementary in the life histories of many plants: a review

Both sexual and asexual reproduction have had featured roles in the adaptation of plant populations to their environments.

Benefits of sexual reproduction:

· Generates variation, an asset when the environment (biotic and abiotic) changes.

· Production of the seed, which can disperse to new locations and wait until hostile environments become favorable.

Benefits of asexual reproduction:

· In a stable environment, plants can clone many copies of themselves in a short period.

· Progeny are mature fragments of the parent plant, and not as fragile as seedlings produced by sexual reproduction.

X.
Growth, morphogenesis, and differentiation produce the plant body: an overview of developmental mechanisms in plants

Regardless of whether a plant is sexually produced or results from vegetative reproduction, the initial individual will go through a series of changes that will produce a whole plant.

Development = The sum of all changes that progressively elaborate an organism's body.

· These changes will include a number of mechanisms that shape the leaves, roots, and other organs into functional structures.

The change from a fertilized egg to a plant involves growth, morphogenesis, and cellular differentiation.

Growth is an irreversible increase in size resulting from cell division and cell enlargement.

· The zygote divides mitotically to produce a multicellular embryo in the seed.

· Mitosis resumes in the root and shoot apical meristems after germination.

· Enlargement of the newly produced cells results in most of the actual size increase.

Morphogenesis is the development of body shape and organization.

· Begins in the early divisions of the embryo to produce the cotyledons and rudimentary roots and shoots.

· Continues to shape the root and shoot systems as the plant grows.

= The meristems, which remain embryonic, continue growth and morphogenesis throughout the life of the plant.

Cellular differentiation is the divergence in structure and function of cells as they become specialized during the plant's development.

· Every organ of the plant body has a diversity of cells within its total structure.

· Each cell of each organ is fixed in a certain location and performs a specific function (e.g. guard cells, xylem).
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XI.
The cytoskeleton guides the geometry of cell division and expansion: a closer look

Plant shape depends on the spatial orientations of cell divisions and cell expansions.

· Plant cells cannot move about as individuals within a developing organ due to their cell

walls being cemented to those of neighboring cells.

· Since movement is eliminated, when the cell elongates, its growth is perpendicular to the

plane of division.

A. Orienting the Plane of Cell Division

During late interphase (G2), the cytoskeleton of the cell becomes rearranged with the microtubules of the cortex becoming concentrated into the preprophase band.

· The microtubules of the preprophase band disperse leaving behind an array of actin

microfilaments.

· These microfilaments hold the nucleus in a fixed orientation until the spindle forms

and then direct movement of the vesicles that produce the cell plate.

· The walls that develop at the end of cell division form along the plane established by

the preprophase band.

B. Orienting the Direction of Cell Expansion

Plant cells expand (elongate) when the cell wall yields to the turgor pressure of the cell.

· Cross-links between cellulose microfibrils in the cell wall are weakened by an acid secreted by the cell.

· The loosened wall permits uptake of water by the hypertonic cell; water uptake causes the cell to expand.

· Growth continues until the cross links become re-established firmly enough to offset the turgor pressure.

· About 90% of the cell's expansion is due to water uptake, although some cytoplasm is also produced by the cell.

· Most of the water entering the cell is stored in the large central vacuole which forms due to coalescence of small vacuoles as the cell grows.

Plant cells show very little increase in width as they elongate.

· Cellulose microfibrils in the innermost cell wall layers stretch very little; consequently, the cell expands in the direction perpendicular to the orientation of the microfibrils.

· Alignment of microfibrils in the wall mirrors the microtubule orientation found in the cortex. This is believed to result from microtubular control of the flow of cellulose-producing enzymes in a specific direction along the membrane.
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XII. Cellular differentiation depends on the control of gene expression: a closer look

The progressive development of specialized structures and functions in plant cells reflects the different types of proteins synthesized by different types of cells.

Xylem cells function in both transport within the plant and structural support.

· Cell walls are hardened by lignin which is produced by enzymes made by the cell.

· The final stage of differentiation includes the production of hydrolytic enzymes which destroy the protoplast.

This leaves only the cell walls intact and permits the movement of xylem sap through the cells.

Guard cells regulate the size of the stomatal opening.

· Must have flexible walls, thus the enzymes that produce lignin are not produced.

· The protoplast remains intact and regulates ion exchange necessary to increase and decrease turgor.

All cells in a plant possess a common genome. This has been proven by cloning whole plants from single somatic cells.

· All the genes necessary are present since these cells dedifferentiate in tissue cultures and then redifferentiate to produce the diversity of cells found in the plant.

· This ability indicates that cellular differentiation is controlled by gene expression leading to the production of specific proteins.

· Different cell types (like xylem and guard cells) selectively express certain genes at different times during their differentiation; this results in the different developmental pathways that gives rise to the diverse cell types.

XIII. Mechanisms of pattern formation determine the location and tissue organization of plant organs: a closer look

The organization in a plant can be seen in the characteristic pattern of cells in each tissue, the pattern of tissues in each organ, and the spatial organization of the organs on the plant.

Pattern formation = The development of specific structures in specific locations. A. Positional Information

Pattern formation depends on positional information.

Positional information = Signals indicating a cell's location relative to other cells in an embryonic mass.

· Genes respond to these signals and their response affects the localized rates and planes of cell division and expansion.

· This signal detection continues in each cell as the organs develop and cells respond by differentiating into particular cell types.
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Several hypotheses have been proposed as to how embryonic cells detect their positions. One hypothesis about positional information transmission is that it relies on gradients of proteins called chemical signals.

· A chemical signal might diffuse from a shoot's apical meristem and the decreasing gradient farther from the source would indicate to cells their relative position from the tip.

· A second chemical signal released from the outermost lateral cells would diffuse

inward indicating the radial position to each cell.

· Each cell could thus determine its relative longitudinal and radial position from the

gradients of these two chemical signals.

B. Clonal Analysis of the Shoot Apex

Positional information is the basis for the processes involved in plant development: growth, morphogenesis, and differentiation. Plant developmental biologists have developed the technique of clonal analysis to study the relationships of these processes.

· Clonal analysis involves mapping the cell lineages derived from each cell of the apical meristem, noting their position as the plant organs develop.

· Mapping is possible due to induced somatic mutations in each cell which can be used to distinguish that cell and its derived cells from neighboring cells.

This technique has been used to determine that the developmental fates of cells in the apex are somewhat predictable.

· For example, almost all cells developing from the outermost meristematic cells become part of the dermal tissues of leaves and stems.

It is not currently possible to predict what meristematic cells will develop into specific tissues and organs.

· The outermost cells usually divide on a plane perpendicular to the shoot surfaces, thus adding cells to the surface layer.

· Random changes can result in one of these cells dividing on a plane parallel to the surface; this indicates meristematic cells are not dedicated early in their development to forming specific tissues and organs.

· Consequently, it is the cell's final position in a developing organ which determines what type of cell it becomes, not the particular cell lineage to which it belongs.

C.
The Genetic Basis of Pattern Formation in Flower Development

The shoot tip in flowering plants shifts from indeterminate growth to determinate growth when the flower is produced.

· The meristem is consumed during the formation of primordia for sepals, petals, stamens, and carpels.
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Positional information commits each primordium to develop into an organ of specific structure and function.

· Some organ-identity genes that function in development of the floral pattern and are regulated by positional information have been identified.

· Mutations in these organ-identity genes can cause abnormal floral patterns. ' For example, an extra whorl of sepals may develop instead of petals.

Such abnormal patterns indicate wild-type alleles are responsible for normal floral pattern development.

Arabidopsis thaliana is the experimental organism many plant biologists are now using to study plant development.

· It is a small plant with a relatively rapid life cycle.

· It also has a small genome that simplifies the search for specific genes.

· Several organ-identity genes affecting floral pattern development have been identified and a few have been cloned.

· Similar organ-identity genes have been found in a distantly related plant, the snapdragon.

=> This finding suggests a conservative evolution of the genes controlling basic angiosperm body plan development.

One hypothesis about how positional information influences a particular floral-organ primordium is based on the overall genetic basis of pattern formation.

· Organ-identity genes code for transcription factors that are regulatory proteins which help control expression of other genes.

· This control involves binding of the transcription factor to specific sites on the DNA, which affects transcription.

· It is believed that positional information determines which organ-identity gene is expressed, and the resulting transcription factor induces expression of these genes controlling development of specific organs.
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