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Embryo Development
· The first mitotic division of the zygote is transverse, splitting the fertilized egg into a basal cell, and a terminal cell which gives rise to most of the embryo.

· The basal cell continues to divide transversely, producing a thread of cells, the suspensor, which anchors the embryo to its parent.

· This passes nutrients to the embryo from the parent.

· The terminal cell divides several times and forms a spherical proembryo attached to the suspensor.

· Cotyledons begin to form as bumps on the proembryo.

· A dicot, with its two cotyledons, is heart-shaped at this stage.

· Only one cotyledon develops in monocots.

· After the cotyledons appear, the embryo elongates.

· Cradled between cotyledons is the apical meristem of the embryonic shoot.

· At the opposite end of the embryo axis, is the apex of the embryonic root, also with a meristem.

· After the seed germinates, the apical meristems at the tips of the shoot and root will sustain growth as long as the plant lives.

· The three primary meristems - protoderm, ground meristem, and procambrium - are also present in the embryo.

· During the last stages of maturation, a seed dehydrates until its water content is only about
5-15% of its weight.

· The embryo stops growing until the seed germinates.

· The embryo and its food supply are enclosed by a protective seed coat formed by the integuments of the ovule.

· In the seed of a common bean, the embryo consists of an elongate structure, the embryonic axis, attached to fleshy cotyledons.

· Below the point at which the fleshy cotyledons are attached, the embryonic axis is called the hypocotyl and above it is the epicotyl.

· At the tip of the epicotyl is the plumule, consisting of the shoot tip with a pair of miniature leaves.

· The hypocotyl terminates in the radicle, or embryonic root.

· While the cotyledons of the common bean supply food to the developing embryo, the seeds of some dicots, such as castor beans, retain their food supply in the endosperm and have cotyledons that are very thin.

· The seed of a monocot has a single cotyledon.

· Members of the grass family, including maize and wheat, have a specialized cotyledon, a scutellum.

· The embryo of a grass seed is enclosed by two sheaths, a coleorhiza, which covers the young root, and a coleoptile, which cover the young shoot.
The ovary develops into a fruit adapted for seed dispersal
· As the seeds are developing from ovules, the ovary of the flower is developing into a fruit, which protects the enclosed seeds and aids in their dispersal by wind or animals.

· Pollination triggers hormonal changes that cause the ovary to begin its transformation into a fruit.

· If a flower has not been pollinated, fruit usually does not develop, and the entire flower withers and falls away.

· The wall of the ovary becomes the pericarp, the thickened wall of the fruit, while other parts of the flower wither and are shed.

· However, in some angiosperms, other floral parts contribute to what we call a fruit.

· In apples, the fleshy part of the fruit is derived mainly from the swollen receptacle, while the core of the apple fruit develops from the ovary.

· The fruit usually ripens about the same time as its seeds are completing their development.
Evolutionary adaptations of seed germination contribute to seedling survival
· As a seed matures, it dehydrates and enters a dormancy phase, a condition of extremely low metabolic rate and a suspension of growth and development.

· Conditions required to break dormancy and resume growth and development vary between species.

· Some seeds germinate as soon as they are in a suitable environment.

· Others remains dormant until some specific environmental cue causes them to break dormancy.

· Germination of seeds depends on imbibition, the uptake of water due to the low water potential of the dry seed.

· This causes the expanding seed to rupture its seed coat and triggers metabolic changes in the embryo that enable it to resume growth.

· Enzymes begin digesting the storage materials of endosperm or cotyledons, and the nutrients are 
transferred to the growing regions of the embryo.

· The first organ to emerge from the germinating seed is the radicle, the embryonic root.

· Next, the shoot tip must break through the soil surface.

· As it rises into the air, the epicotyl spreads its first foliage leaves (true leaves).

· These foliage leaves expand, become green, and begin making food for photosynthesis.

· After the cotyledons have 
transferred all their nutrients 
to the developing plant, they 
shrivel and fall off the seedling.

· Light seems to be main cue that tells the seedling that it has broken ground.
Asexual Reproduction in Plants
· Many plants clone themselves by asexual reproduction, also called vegetative reproduction.

· This occurs when a part separates from the overall plant and eventually develops into a whole plant.

· This clone would be identical to the parent.

· Asexual reproduction is an extension of the capacity of plants for indeterminate growth.

· In fragmentation, a parent plant separates into parts that reform whole plants.
Sexual and asexual reproduction are complementary in the life histories of many plants
· Many plants are capable of both sexual and asexual reproduction, and each offers advantages in certain situations.

· Sex generates variation in a population, an asset in an environment where evolving pathogens and other variables affect survival and reproductive success.

· Seeds produced by sexual reproduction can disperse to new locations and wait for favorable growing conditions.

· One advantage of asexual reproduction is that a plant well suited to a particular environment can clone many copies of itself rapidly.

· Moreover, the offspring of vegetative reproduction are not as fragile as seedlings produced by sexual reproduction.
Plant Biotechnology
· Plant biotechnology has two meanings.

· One is innovation in the use of plants, or of substances obtained from plants, to make products of use to humans.

· In a more specific sense, biotechnology refers to the use of genetically modified (GM) organisms in agriculture and industry.  

· The term transgenic is used to describe organisms that have been genetically engineered to express a foreign gene from another species (a genetic modification).
Biotechnology is transforming agriculture
· Whatever the social and demographic causes of human starvation around the world, increasing food production seems like a humane objective.

· Because land and water are the most limiting resources for food production, the best option will be to increase yields on available lands.

· Based on conservative estimates of population growth, the world’s farmers will have to produce 40% more grain per hectare to feed the human population in 2020.

· The commercial adoption by farmers of transgenic crops has been one of the most rapid cases of technology transfer in the history of agriculture.

· Between 1996 and 1999, the areas planted commercially with transgenic crops increased from 1.7 to 39.9 million hectares.

· These crops include cotton, maize, and potatoes that contain genes from a bacterium Bacillus thuringiensis.

· These “transgenes” encode for a protein (Bt toxin) that effectively controls several insect pests.

· This has reduced the need for application of chemical insecticides.

· Considerable progress has been made in the development of transgenic plants of cotton, maize, soybeans, sugar beat, and wheat that are tolerant of a number of herbicides.

· Researchers have also engineered transgenic plants with enhanced resistance to disease.

· Transgenic papaya, resistant to ringspot virus, was introduced to Hawaii, thereby 
saving the papaya industry.
Plant biotechnology has incited much public debate
· Many people, including some scientists, are concerned about the unknown risks associated with the release of GM organisms into the environment.

· One specific concern is that genetic engineering could potentially transfer allergens, molecules to which some humans are allergic, from a gene source to a plant used for food.

· There are concerns that growing GM crops might have unforeseen effects of non target organisms.

· One recent study indicated that the caterpillars of monarch butterflies responded adversely and even died after consuming milkweed leaves heavily dusted with pollen from transgenic maize that produced Bt toxin.

· The Bt toxin normally is toxic to pests closely related to monarch butterflies.

· In the field, the transgenic pollen appears to be abundant primarily in or very close to the fields.

· Also, the alternative to transgenic maize, spraying chemical insecticides, may be even more harmful to nearby monarch populations.

· Probably the most serious concern that some scientists raise is the possibility that introduced genes may escape from a transgenic crop into related weeds through crop-to-weed hybridization.

· This spontaneous hybridization may lead to a “superweed” which may be more difficult to control.

· Strategies to minimize risk include planting a border of unrelated plants with which the transgenic plants would not hybridize through the spread of transgenic pollen.

· Another possibility is breeding male sterility in transgenic plants.

· Alternatively, the transgenes can be engineered into choloroplasts, which are inherited maternally only.

· The continuing debate about GM organisms in agriculture exemplifies the relationship of science and technology to society.

· Technological advances almost always involve some risk that some unintended outcomes could occur.

· In the case of plant biotechnology, zero risk is unrealistic and probably unattainable.

· Scientists and the public need to assess the possible benefits of transgenic products versus the risks society is willing to take on a case-by-case basis.

· These discussions and decisions should be based on sound scientific information and testing rather than on reflexive fear or blind optimism.
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