Bryophytes and Ferns
Materials

1. Live mosses with sporophytes attached
2. Prepared slide of moss protonema
3. Live Marchantia with archegoniophores and antheridiophores
4. Petri dish with live protonemata (demonstration)
5. Prepared slides of longitudinal sections of archegonial heads of Mnium (or similar moss)
6. Live hornworts (demonstration)
7. Variety of live fern plants, one with expendable fronds that have mature sori
8. Live prothalli (demonstration)
9. Prepared slides (whole mounts) of bisexual prothalli
Some Suggested Learning Goals
1. Understand how the development of gametangia (structures in which sex cells are produced) and zygotes of members of the Plant Kingdom differs from the development of gametangia and zygotes in members of other kingdoms.
2. Understand how the form and structure of bryophytes differs from that of more complex plants.
3. Know what develops or takes place in each phase of the life cycle of a moss.
4. Know what develops or takes place in each phase of the life cycle of a liverwort.
5. Learn how asexual and sexual reproduction of both thalloid and "leafy" liverworts differs from that of mosses.
6. Be able to explain basic differences between the sporophytes of ferns and mosses.
7. Know the life cycle of a typical fern.
8. Understand the nature of a prothallus and a sorus, and the roles they play in a fern life cycle.
Introduction

In algae, fungi, and other relatively primitive organisms that in the past were regarded as plants, the gametes (sex cells) are produced in single-celled gametangia, and the zygote often undergoes meiosis directly. Beginning with the bryophytes (e.g., mosses), however, the gametes are pro​duced in gametangia that are composed of many cells; the zygote, through mitosis, develops into an embryo that, in turn, develops into a diploid sporophyte. Spores are pro​duced by meiosis within a specialized part of the sporophyte.
Alternation of Generations in bryophytes and ferns is marked by the development of distinct, separate gameto​phyte and sporophyte bodies. In bryophytes, the sporo​phyte, while a distinct body in itself, is dependent on the gametophyte for most of its nutrition. In ferns, however, both the gametophyte and the sporophyte are photosyn​thetic and independent of each other.
A. Bryophytes (Phyla Bryophyta, Hepaticophyta, and Anthocerophyta)
Mosses, liverworts, and hornworts are included in these three phyla. Bryophytes differ from higher plants in Jacking xylem and phloem, although some do have specialized cells that can conduct a little water and food in solution. Some species may form extensive low mats consisting of dozens or even hundreds of plants. Because true xylem and phloem are lacking, however, none of the individual plants become very large. They cannot grow or function very long without external moisture; hence their usual association with damp habitats.
Examine the clump of moss provided. The clump con​sists of small green "leafy" gametophyte plants. ("Leafy" is in quotation marks because unlike true leaves, which are diploid (2n), those of mosses consist of a single layer of haploid (n) cells; moss and liverwort "leaves" also have no internal struc​ture or stomata.) The "leaves" do, however, carry on photo​synthesis like the true leaves of more complex plants.
Some of the moss plants may have a thin stalk or seta emerging from the tip. A capsule (sporangium) develops at the free end of each seta. The seta and capsule are diploid (2n) and constitute the sporophyte. Sporocytes (not visible here) within each sporangium undergo meiosis, producing spores. The sporangium is usually partially to completely covered with a "pixie cap" called a calyptra. The calyptra develops from archegonial tissues and is therefore n (hap​loid). When the calyptra is removed, a second, smaller (2n) cap may be seen covering the free end of the capsule. This smaller cap, the operculum, develops with the sporophyte and eventually pops off, allowing the spores to disperse. Release of the spores is partially controlled by tiny peri​stome teeth at the rim of the capsule; the peristome teeth, which resemble tiny, cross-ribbed shark's teeth, move in re​sponse to changes in humidity.
Turn now to a prepared slide labeled "Moss pro​tonema." A protonema is an algalike body that develops when a moss spore germinates. Notice the chloroplasts present in each cell, and that the transverse walls of the cells usually are not strictly at right angles to the other walls. Note, also, the "buds" that are developing along some of the threads. These buds become new "leafy" game​tophyte plants. Some may already have rootlike rhizoids at their bases. Rhizoids are only one cell thick; they may an​chor bryophyte plants in the same way true roots do, but like the remainder of a moss gametophyte, they have no xylem or phloem and can absorb water slowly only in very limited amounts. The word rhizoid should not be confused with rhizome, which is a term applied to the horizontal stems of ferns and higher plants.
Next turn to a slide of moss archegonia. Archegonia are female reproductive structures of mosses produced at the tips of female gametophyte plants. Occasionally both male and female reproductive structures are produced on the same plant. Each archegonium loosely resembles a tiny vase with a narrow neck, the enlarged base itself being ele​vated on a short, relatively wide stalk. Although there are usually several to many archegonia produced at the tip of each plant, the archegonia are not always strictly upright, and they are interspersed among sterile, multicellular hairs, called paraphyses. When microscope slides of moss archegonia are made, very thin longitudinal sections are cut and stained. Parts of the archegonia and paraphyses are often sliced off; because of this you may not have a com​plete archegonium on your slide. You should, however, be able to see at least one archegonium with its base intact. The cavity within the archegonium base contains an egg.
Turn now to a slide of moss antheridia. These struc​tures, before they are sliced, are shaped like miniature clubs; they contain numerous sperms. Paraphyses usually are present among the antheridia. In nature, a sperm swims down the neck of an archegonium and unites with the egg, forming a zygote. As the zygote divides, it forms an embryo, which is dependent on the gametophyte for its nu​trition. The embryo then develops into a sporophyte, con​sisting of a seta and capsule. Even the mature sporophyte is still largely dependent on the gametophyte for its energy.
Liverworts have nearly all of the reproductive struc​tures found in mosses. Although there are many species of "leafy" liverworts, some of the most common and best​known forms are thalloid. Thalloid liverworts have flat​tened bodies that look a little like bright-green foliose lichens. Examine the thalloid liverworts provided. Some, such as Marchantia, have their archegonia and antheridia elevated above the thallus on umbrellalike archegonio​phores and disc-shaped antheridiophores. Many thalloid liverworts also reproduce asexually by means of gemmae, which are tiny lens-shaped pieces of vegetation produced within gemmae cups. The gemmae cups are scattered over the surface of the thallus. Each gemma is potentially capa​ble of developing into a new thallus.
Examine the demonstration of hornworts provided. How do the sporophytes of hornworts differ in appearance
from those of liverworts and mosses? Are there any other apparent features that distinguish hornworts from other bryophytes?
B. Ferns (Phylum Pterophyta)
Unlike the bryophytes, the ferns do possess true conducting tissues (xylem and phloem), and the sporophyte is the more conspicuous phase of the life cycle.
Examine the fern plants on display. The leaves or fronds arise from a horizontal stem (rhizome). Notice the small brownish patches on the backs of mature fronds. Re​move a small part of a frond that has these patches and ex​amine them with the aid of your dissecting microscope. Each discrete patch is called a sorus and consists of a clus​ter of sporangia. The sporangia are often partially or wholly covered by a transparent, umbrellalike indusium. Sporocytes within the sporangia undergo meiosis, produc​ing spores. The spores are released through the springlike action of the annulus, which is composed of heavy-walled cells around most of the edge of the sporangium.
Now examine the green heart-shaped prothalli that constitute the gametophytes of ferns. Both living and pre​served prothalli may be provided. Some prothalli produce only archegonia, others only antheridia. The prothallus on the microscope slide produces both. Find an antheridium, often located among the rootlike rhizoids. It is circular in outline and contains sperms. Then find an archegonium, which is roughly the same size as an antheridium but has a short neck. Archegonia each contain a single egg; they often tend to be close to the notch of the prothallus at the top. In nature, a sperm unites with the egg in an archego​nium, and the zygote develops into a new sporophyte, with which our study of ferns began.
Drawings to Be Submitted

1. Label the following on the drawings of the moss life cycle provided: MALE GAMETOPHYTE, FEMALE GAMETOPHYTE, ANTHERIDIUM, ARCHEGONIUM, SPERM, EGG, ZYGOTE, EMBRYO, DEVELOPING SPOROPHYTE, MATURE SPOROPHYTE, CALYPTRA, CAPSULE, SPOROCYTE, OPERCULUM, PERISTOME, SPORES, PROTONEMA, BUD, and RHIZOIDS. Also indicate where MEIOSIS occurs.
2. Draw portions of sections through the tips of moss gametophytes from prepared microscope slides, using the low power of your compound microscope. Show at least one good ARCHEGONIUM and several PARAPHYSES in the FEMALE GAMETOPHYTE, and at least one or two ANTHERIDIA and several PARAPHYSES in the MALE GAMETOPHYTE. Also label EGG and SPERM(S). Be sure to reread the comments in section A about how parts of structures may be cut off during the manufacture of the slides.
3. Draw HABIT SKETCHES (i.e., how the organisms appear in nature) of a thalloid liverwort and a hornwort.
4. Draw a fern SORUS, with the aid of the highest power of your dissecting microscope. Label SPORANGIA
(and INDUSIUM, if present).
5. Label the following on the drawings of the fern life cycle provided: SPOROPHYTE, FROND, RHIZOME,
ROOTS, SORUS, SPORANGIUM, SPOROCYTES, SPORES, DEVELOPING GAMETOPHYTE, (IMMATURE PROTHALLUS), PROTHALLUS, RHIZOIDS, ANTHERIDIUM, ARCHEGONIUM, EGG, SPERM, ZYGOTE, EMBRYO, DEVELOPING
SPOROPHYTE, and YOUNG SPOROPHYTE. Also indicate where MEIOSIS occurs.
6. Draw a fern prothallus from the prepared slide provided. Label ARCHEGONIUM, ANTHERIDIUM, and
RHIZOIDS. (Use the lowest power of your compound  microscope.)
7. Draw a fern frond, showing the position of the SORI.
The Lower Vascular Plant Divisions
The Fern Allies
Introduction
The vascular plants are divided artificially into two major groups, the seedless (or spore-dispersing) vascular plants and the seed plants. There are four major divisions of seedless vascular plants: Psilophyta, Lycophyta, Sphenophyta, and Pterophyta. The first three divisions, often referred to as the "fern allies" , have few living representatives although they are well represented in the fossil record. All of the vascular plants have a dominant sporophyte generation, and a reduced, often, dependent gametophyte stage.
Exercise A
Psilophyta: The Whisk Ferns
The Psilophyta are represented by two living genera, Psilotum and Tmesipteris, both of which have very simple sporophytes.
Examine the living specimens and herbarium specimens of Psilotum . Psilotum is unique among living vascular plants because it lacks both vascular roots and leaves. Only the stem is vascular. The scalelike structures along the stem are called enations.
Note the dichotomous (forking) branching pattern of the aerial portion of the plant body. The below-ground portion of the plant axis is a rhizome (an underground stem) bearing rhizoids for the absorption of water.
Note the three-parted sporangia, which are borne on short side branches. Psilotum is homosporous; that is, it produces only one type of spore. Although Psilotum is homosporous, the gametophytes are bisexual; both archegonia and antheridia are produced on the same gametophyte. The non-photosynthetic gametophytes develop in association with mycorrhizae.
Tmesipteris is an epiphyte that grows on tree ferns and other plants.
Lower Vascular Plants Lab - 2
Exercise B
Lycophyta: The Lycophytes
The living representatives of the Lycophyta are all relatively small plants, with true roots, true stems, and true leaves. The leaves are microphylls, having just one vascular connection or vein. The fossil members of this division, however, include many woody, treelike forms (the Lepidodendrids), which numbered among the dominant plants of the coalforming forests of the Carboniferous period.
Examine the living specimens and herbarium specimens of Lycopodium and Selaginella. Identify the roots, stems, and leaves (microphylls) of these genera. Selaginella species are common in both temperate and tropical rain forests, although it is frequently confused with mosses. Some species of Selaginella, including the "Resurrection plant", are found in very dry habitats. Lycopodium species grow in many wooded areas throughout temperate ecosystems.
Examine the preserved, or herbarium specimens of Isoetes. Although the leaves of Isoetes are much larger than those of Lycopodium and Selaginella, they are still microphylls. In Isoetes, the leaves are attached to a cormlike structure (a fleshy stem). Isoetes is aquatic.
The sporangia of the Lycophyta are borne on leaves which are very similar to the sterile (non sporangia-bearing) leaves of the plant. The sporangium-bearing leaf is called a sporophyll. In Selaginella and in most species of Lycopodium, the sporophylls occur in compact aggregates called cones, or strobili. Examine the strobili on the specimens provided. In Isoetes , sporangia arise at the bases of the leaves, with a single sporangium per leaf.
Lycopodium is homosporous, producing one type of sporangium. Observe the prepared slide of Lycopodium strobilus and locate the sporangia. The gametophytes produce both archegonia and antheridia.
Selaginella and Isoetes are heterosporous. They produce two types of sporangia: megasporangia (female) and microsporangia (male). Spores develop into either female gametophytes (which produce archegonia) or male gametophytes (which produce antheridia). Observe the prepared slide of the Selaginella strobilus. Locate the larger megasporangia and the smaller microsporangia. Compare the strobilus of Selaginella with the strobilus of Lycopodium.
It is exceedingly rare to find gametophytes of the Lycophyta. Most are subterranean and very tiny. However, sporophyte plants develop from the gametophyte structure so that whenever you find a sporophyte plant, you can be assured that a gametophyte was once there. (Once a sporophyte plant becomes established, the gametophyte degenerates.)
Lower Vascular Plants Lab - 3
Exercise C
Sphenophyta: The Horsetails
Although once a very abundant and diverse group of plants, the Sphenophyta today are represented by a single herbaceous genus, Equisetum.
Examine the living and herbarium specimens of Equisetum. The sporophyte of
Equisetum differs from that of the other fern allies in having jointed and ribbed stems with the leaves (microphylls) arranged in whorls at nodes.
Feel the coarse texture of the stems. The stems of Equisetum contain silica. Note that the stems, rather than the leaves of Equisetum are photosynthetic.
Examine the cones or strobili on the specimens provided. The sporangia are borne on umbrella-like structures called sporangiophores, rather than on sporophylls.
Examine the prepared slide of the Equisetum strobilus. Is Equisetum homosporous or heterosporous?
Examine the prepared slide of Equisetum spores. Note that four threadlike structures, called elaters, surround each spore. The elaters, which are sensitive to humidity changes, are used to disperse the spores. When the sporangium breaks open, the sudden change in humidity causes the elaters to uncoil which "whips" the spore out of the sporangium to be carried by air current to a new location. The gametophytes of Equisetum are green, freeliving, and bisexual.
Questions

1. How do moss "leaves" differ from the leaves of more complex plants?
2. What is the difference between a calyptra and an operculum?
3. How is the release of spores controlled in mosses?
4. Where does meiosis take place in mosses?
5. Where, in mosses, are zygotes and embryos formed?______________________________________________ 
6. In Marchantia, what is the function of archegoniophores and antheridiophores?___________________________ 
7. What are all the parts of a complete sorus?
8. Where, specifically, are fern antheridia located?_______________________________________________ 
9. What parts of a fern are 2n?_____________________________________________________________ 
Where, in a fern, does the switch from 2n to n take place?_________________________________________ 
Where, in a fern, does the switch from n to 2n take place?_________________________________________ 
 
10. In addition to seeds, what do higher plants have that bryophytes lack?________________________________ 
11. Which phase in the life cycle of a moss consists of a "leafy" plant?
12. In which specific structure of a moss are sperms produced?
13. What is the toothed structure in a moss sporophyte that controls the release of spores from a sporangium?
14. How does a thalloid liverwort differ in appearance from a moss?
15. What is a cluster of fern sporangia called?___________________________________________________ 
16. Where does meiosis take place in ferns?_____________________________________________________ 
17. What name is applied to the gametophyte of ferns?______________________________________________ 
18. Where are fern antheridia produced (i.e., among what structures on the gametophyte)?_____________________ 
19. What are the differences among rhizoids, roots, and rhizomes?
Gymnosperm Lab

Materials
1. Fresh pine branch with cluster of pollen cones (demonstration)
2. Fresh pine, fir, and other conifer branches for examination of leaves
3. Pine seed cones with seeds on the scales 4. Conifer pollen
5. Prepared slides of longitudinal sections through a pine ovule
6. Demonstrations of specimens of cycads, Gnetum, Ginkgo, Ephedra, and Welwitschia, if available
Some Suggested Learning Goals
1. Understand the difference between the two types of leaves produced by pines, and how pine leaves differ from those of other conifers.
2. Know the life cycle of a pine tree, and be able to indicate within the life cycle where events such as meiosis, fusion of gametes, development of an embryo, and production of sperms take place.
3. Understand the differences between male (pollen) and female (seed) pine cones.
4. Know the locations and functions of a pine micropyle, integument, pollen chamber, and nucellus.
5. Know the function of the bladders or wings on pine pollen grains.
6. Be able to distinguish a pine, a cycad, Ginkgo, Gnetum, Ephedra, and Welwitschia from one another (if they are available for examination).
Introduction
Although there are some exceptions among the algae and certain relatives of ferns, most of the plants studied thus far each produce just one kind of asexual spore. Beginning with the gymnosperms, however, the higher plants produce two distinct kinds, each within its own distinctive structure. Also, in Kingdoms Archaea, Bacteria, and Protista, and the bryophytes' of Kingdom Plantae, the primary means of dis​persal is a spore. In gymnosperms and angiosperms (flow​erng plants), however, dispersal is primarily by means of seeds, which are considerably more complex and larger than spores. The word gymnosperm comes from two Greek words that mean "naked-seeded," in reference to the fact that gymnosperm seeds are produced out in the open on cone scales, while the seeds of flowering plants are pro​duced completely enclosed within fruits.
In contrast to the branching patterns of most broadleaf trees, the growth of most conifers is excurrent (i.e., the trunk of the tree does not divide unless the terminal bud is removed). Also, with the exception of Ginkgo, larch (Larix), and dawn redwood (Metasequoia), most gym​nosperms have evergreen leaves. Unlike deciduous trees that seasonally lose all their leaves, most conifers lose a few leaves at a time. Nearly all conifers do have a complete change of leaves every two to five years. Bristlecone pines are an exception; they retain their leaves for about 30 years.
A. Conifers-Phylum Pinophyta
Carefully examine the youngest part of a stem of a pine branch. Note that two kinds of leaves are present. The most conspicuous leaves are needlelike and in fascicles (clusters) of 2, 3, or 5. With a sharp razor blade, cut one of the leaves and examine the cut surface with your dissecting micro​scope. How many vascular bundles (veins) can you see? If you cut all the leaves in one fascicle and hold the cut rem​nants tightly together, do they form a complete cylinder? Are there small, inconspicuous, brownish scale leaves also present on the stem? How do pine leaves differ from those of the other conifer leaves provided? Are any of the other conifer leaves scalelike? Are the other conifer leaves arranged opposite one another or in a spiral on the stem?
Examine an open woody seed cone of a pine tree. No​tice the paired, winged seeds at the base of each cone scale. The seeds in your particular cone may be missing; if so, the slight depressions in which the seeds were produced should be discernible. The seeds develop from ovules, in which a megasporocyte has undergone meiosis, producing mega​spores. One megaspore develops into a female gametophyte that contains two or more archegonia, each with a large egg cell and a little nutritive tissue; the nucellus, above the archegonia; and other gametophyte tissue surrounding and below the archegonia. The female gametophyte is itself sur​rounded by a massive integument that later develops into the seed coat of a seed. Above the nucellus is a space called the pollen chamber. A somewhat tubular micropyle is lo​cated in the integument directly above the pollen chamber. A sticky fluid oozes through the micropyle to the outside, where it forms a pollination drop. A pollen grain may catch in the pollination drop and be slowly drawn into the pollen chamber as the fluid evaporates. Note that unless your slide happens to be a specially selected median section, parts of one or both archegonia and/or the micropyle may have been cut off during manufacture. Once a pollen grain
163 comes to rest above the archegonia, it may produce a pollen tube and two sperms. By the process of fertilization, one sperm unites with the egg, forming a zygote, which then de​velops into the embryo of a seed.
Pollen grains are developed from microspores pro​duced when diploid microsporocytes in the microsporangia (sacs) at the base of the pollen cone scales undergo meiosis. Pollen cones are much smaller than their woody seed cone counterparts; they are usually produced in clusters at the tips of the lower branches of a tree. Mount a small amount of conifer pollen in a drop of water on a slide, and examine it with the aid of your compound microscope. Note the wings or bladders on each pollen grain. These give the pollen greater buoyancy in the wind.
When a seed germinates, the embryo within it develops into a new tree that constitutes the sporophyte.
B. Other Gymnosperms (Phyla Ginkgophyta, Cycadophyta, and Gnetophyta)
Examine the other representative gymnosperms on display. Note that Ginkgo has distinctive fan-shaped leaves with di​chotomously forking veins. Ginkgo trees are dioecious; the male strobili (pollen cones) are produced only on male trees. The female trees, whose seeds have a fleshy covering with a nauseating odor, are produced singly instead of in cones. Unlike the sperms of pines, those of Ginkgo have flagella.
Cycads are slow-growing plants that have a trunk and large, palmlike leaves. Like Ginkgo, the species are dioe​cious; the sperms have thousands of spirally arranged fla​gella. Both the pollen and the seed cones of cycads can be very large, with some seed cones being more than a meter long and weighing over 200 kilograms at maturity.
There are about 70 known species of gnetophytes dis​tributed among three genera. Gnetum species have broad leaves and are mostly vines and trees of the tropics. Half the species of gnetophytes are in the genus Ephedra, native to drier regions of southwestern North America. Most pho​tosynthesis takes place in the stems of the shrubby Ephedra  plants, which have tiny scalelike leaves. There is only one species of Welwitschia, a bizarre-looking plant confined to temperate desert regions of Namibia (southwest Africa). Welwitschia produces two large straplike leaves from a somewhat cup​shaped "trunk." The leaves, which grow continuously from the base, flap in the wind and become split. Most of a Wel​witschia plant's water supply comes from condensate of fog that rolls in from the ocean at night.
Drawings to Be Submitted
1. Draw a small branch of a pine, showing the needlelike leaves. Also draw the cone(s) present. Label FASCICLE, SCALE LEAVES, SEED CONE, and POLLEN CONE.
2. Draw a short part of a branchlet of one of the other conifers provided. Show not only the shapes of the leaves but how they are arranged on the stem.
3. Diagram a section through a pine OVULE with the aid of the prepared slide provided. Label ARCHEGONIUM, NUCELLUS, POLLEN CHAMBER, MICROPYLE, and INTEGUMENT.
4. Label the following on the drawings of the life cycle of a pine tree provided: SPOROPHYTES, CLUSTER OF POLLEN CONES, MICROSPORANGIUM, MICROSPOROCYTES, MICROSPORES, POLLEN GRAINS, SEED CONE, CONE SCALE, MEGASPOROCYTE, MEGASPORE, DEVELOPING FEMALE GAMETOPHYTE, ARCHEGONIA, INTEGUMENT, NUCELLUS, POLLEN CHAMBER, POLLEN TUBE(S), SEED, EMBRYO SPOROPHYTE, and SEEDLING SPOROPHYTE.
5. Draw a pine POLLEN GRAIN, showing the WINGS or BLADDERS.
6. Draw a habit sketch of any one of the other gymnosperms available.
Questions 1. What does the term gymnosperm mean, and in what sense does it apply to pine trees?
2. Apart from size differences, how can you distinguish a cone scale of a pine seed cone from that of a pine pollen cone?
3. Of what does the female gametophyte of a pine consist? What other tissues surround it?_______________ 
4. What is the function of a nucellus?
5. What constitutes the sporophyte in a pine?_________________________________________________ 
6. Where, specifically, are pine pollen grains produced?_________________________________________ 
7. What structure of a pine ovule develops into a seed coat?______________________________________ 
8. What do the pollen grains of pine trees have that aid in their dispersal by the wind?__________________ 
9. Could all the representatives of gymnosperms mentioned in this exercise be differentiated by their leaves alone? If not, why not and if so why?
1. What is the difference between a gymnosperm and an angiosperm?
2. How many seeds are produced at the base of each pine seed cone scale?
3. What specific cells of pine undergo meiosis?
What do these cells then become?
4. Through what passage is a pollen grain of pine drawn prior to its full development into a mature male gametophyte?
5. What is the space above the nucellus in a pine ovule called?
6. From what specific cell does the embryo of a seed develop?
7. Where on a pine tree are pollen cones usually produced.
8. From what structure does the seed coat of a pine seed develop?
9. Specifically, where are pine sperms produced?
10. Which of the gymnosperms discussed has two straplike leaves?
Kingdom Plantae: Angiosperms (Flowering Plants )
Materials
1. Large fresh flowers with superior ovaries
2. Prepared slides of Lilium-cross sections of ovary showing embryo sacs; Lilium-cross sections of mature anthers
3. Set of live flowers on display, including a composite, a grass, a primitive flower (e.g., buttercup), an advanced flower with an inferior ovary (e.g., orchid), and an inflorescence
4. Model of a flower
Some Suggested Learning Goals
1. Know the parts of a complete flower, and know the function of each part.
2. Understand the basic variations in ovary position and general structure of flowers.
3. Understand the difference between a compound ovary and a simple ovary.
4. Learn the life cycle of a flowering plant, and understand how an immature ovule becomes a seed.
Introduction
The life cycle of flowering plants exhibits the same alterna​tion of diploid (2n) and haploid (n) generations seen in the lower plants. However, the gametophyte phase is propor​tionately greatly reduced and is confined within certain tis​sues of the sporophyte, where it is entirely dependent on it. As in gymnosperms, two kinds of spores and gametophytes are produced, the larger megaspores giving rise to the fe​male gametophytes, and the smaller microspores giving rise to the male gametophytes.
A. Structure of a Flower

With the aid of your dissecting microscope, examine one of the flowers provided. Note the small leaflike sepals compris​ing the calyx, and the usually colored or white petals, compris​ing the corolla. In some flowers, the sepals or petals may be united into an undivided calyx or corolla. How many sepals and petals d6es your flower have? Monocot flowers generally have their parts (sepals, petals, stamens, stigma divisions) in threes or multiples of three. Dicot flowers usually have their parts in fours or fives. Is your flower a monocot or a dicot?
Both the calyx and the corolla are attached to the recep​tacle, the slightly to distinctly expanded tip of the flower stalk (peduncle or pedicel). The male reproductive struc​tures or stamens each consist of a slender stalk, the filament, and a pollen-bearing anther. In some flowers, the filaments may be fused together or to the petals; they usually surround the female reproductive structure, the pistil. The pistil con​sists of a stigma that may be knoblike, forked, feathery, or pointed; a necklike style that can be long and slender to short and stubby; and an ovary, which is usually swollen.
There are many variations of flower stucture. In lilies, for example, the sepals may be of the same size and color as the petals. In the sunflower family, the "flower" is actually an inflorescence composed of many tiny flowers arranged so that they resemble a single larger flower. Most of the tiny flowers have very small fused corollas and stamens, but those around the margin each may have a large flattened, petal-like extension of their corolla. In several families (e.g., the pumpkin family), the stamens and the pistil usually are in separate flowers; in other families, such as the buttercup family, there may be more than one pistil to a flower.
Remove the pistil from your flower, and note the swollen ovary at the base, the pollen-receiving stigma at the top, and the style connecting the two parts. Is your stigma divided in any way, or is it instead knoblike, or inconspicu​ous enough to be difficult to distinguish from the style? Now cut the ovary longitudinally with a razor blade. Ob​serve the small whitish ovules. These eventually become seeds as the ovary matures into a fruit. Is your ovary di​vided into two or more segments known as carpels? Carpels represent individual pistils that have become united, and a pistil with two or more carpels is said to be compound. A simple pistil has only one carpel.
B. Development of the Male Gametophyte

Before young anthers mature, they usually contain four chambers in which microsporocytes undergo meiosis, pro​ducing quartets (sometimes called tetrads) of microspores. After the nucleus of each microspore has divided once by mitosis, the cells of each quartet separate, and their walls often become sculptured or ornamented. These bodies are now called pollen grains. As the anther matures, the wall between adjacent chambers usually breaks down, leaving just two pollen sacs, from which the pollen grains are re​leased through slits or pores.
After pollination (which is nothing more than the transfer of pollen from an anther to a stigma and should not be confused with fertilization), a pollen tube may emerge  from a pollen grain on the stigma, and by following a gradi​ent of chemicals diffusing from the embryo sac, the pollen tube may grow down the style to the ovary and enter the ovule through an opening or passage called the micropyle. As the pollen tube grows, one of the two nuclei in the pollen grain, the tube nucleus, remains near the tip, while the other nucleus (generative nucleus) lags behind. Some​times the generative nucleus divides in the pollen grain, forming two male gametes or sperms, but this particular mitotic division often takes place right in the pollen tube while it is growing. The germinated pollen grain, with its pollen tube containing two sperm nuclei, constitutes the mature male gametophyte.
C. Development of the Female Gametophyte

A megasporocyte in each ovule undergoes meiosis, produc​ing four haploid megaspores. In most flowering plants, three of the megaspores degenerate. The remaining mega​spore becomes larger as its nucleus undergoes three succes​sive mitotic divisions. The three successive divisions result in eight nuclei. This large, eight-nucleate cell within the ovule constitutes the female gametophyte.
One of the eight nuclei, normally located toward the bottom of the female gametophyte, functions as the female gamete or egg; the egg is flanked by two synergid nuclei. If the egg is damaged, either of the synergids can substitute as the egg. At the other end of the female gametophyte are three nonfunctional antipodal nuclei; the other two nuclei, called central cell nuclei, usually remain in the center of the female gametophyte where they sometimes fuse together.
Unless you have been provided with a specially se​lected slide, you probably will not see all eight of the female gametophyte nuclei. Most laboratories for introductory courses use Lilium (lily) ovary cross sections to show fe​male gametophytes. Such a prepared slide usually contains several cross sections, and each section has parts of up to six gametophytes present. However, because of the way in which the sections are cut, complete gametophytes with all eight nuclei visible are seldom present. You should first lo​cate the most complete gametophyte sections with the low power of your compound microscope, and then turn to high power to see details. Note that in a lily female gametophyte, four of the nuclei are considerably larger than the other four nuclei. This is because the lily gametophyte develops in a manner slightly different from that of most other flowers.
By the time it is mature, the diploid cells of the ovule surrounding it have developed into two layers, the integu​ments, which will later become the seed coat of a seed. There/is normally a gap or passageway, the micropyle, formed between the integuments in the vicinity of the egg. This micropyle will later allow access to the female game​tophyte by a tube from a pollen grain.
Study the slide labeled "Lilium: mature anthers." Ex​amine one of the sections of the anthers. Locate a pollen
grain in which two nuclei are visible. Note the relatively thick, sculptured outer wall. The generative nucleus is more dense than the tube nucleus. How can you account for some of the pollen grains on your slide apparently having only one nucleus? (Hint: remember that you are looking at very thin slices of tissue.)
D. Development of Seeds and Fruits

After pollination and growth of the pollen tube has occurred, the contents of the pollen tube are discharged into the embryo sac. The double fertilization that follows involves the union of one sperm with the egg, foiii~ing a zygote, and the union of the other sperm with the polar nuclei, forming the endosperm nucleus. Since the endosperm nucleus is the product of three haploid (n) cells all fusing together, it ends up triploid (i.e., it has 3n chromosomes)-a situation unique to the flowering plants. The endosperm nucleus usually divides repeatedly, producing 3n endosperm tissue, which functions in food stor​age. The endosperm may become an extensive part of the seed, or it may disappear soon after it is formed. When the endosperm disappears early, part of the embryo, which devel​ops by repeated divisions of the zygote, may take over the food storage function. The outer layers of the ovule (integu​ments) harden into a seed coat, which forms the outer cover​ing of a seed. While the seeds are maturing, the ovary under​goes transformation into a fruit.
Drawings to Be Submitted
1. Label all the parts of a complete flower. Include PETALS (COROLLA), SEPALS (CALYX), PEDUNCLE (or PEDICEL), RECEPTACLE, STIGMA, STYLE, OVARY, OVULE, PISTIL, and STAMEN(S)-with ANTHER(S) and FILAMENT(S).
2. Draw a section through an OVULE, using the prepared slide provided. Show the EMBRYO SAC, with its ANTIPODALS, SYNERGIDS, and EGG, and the surrounding tissues.
3. Draw a portion of a cross section of a MATURE ANTHER from the prepared slide provided. Label POLLEN GRAIN(S), TUBE NUCLEUS, and GENERATIVE NUCLEUS.
4. Label the following on the drawings of the life cycle of a flowering plant provided: SPOROPHYTE, FLOWER, FILAMENT, ANTHER, STAMEN, OVULE, MEGASPOROCYTE, MEGASPORE, MITOTIC DIVISIONS OF MEGASPORE NUCLEUS, FEMALE GAMETOPHYTE, ANTIPODALS, SYNERGIDS, EGG, INTEGUMENTS, PISTIL, OVARY, STYLE, STIGMA, MICROSPOROCYI'E, MICROSPORES, POLLEN GRAINS, POLLEN TUBE, ZYGOTE, EMBRYO, SEED, and FRUIT. Also indicate where MEIOSIS occurs and where FERTILIZATION takes place.
Questions 
1. What is the part of the flower to which petals, sepals, and stamens are attached?
2. What is the part of the stamen to which an anther usually is attached?________________________________ 
3. Which part of a flower receives pollen?______________________________________________________ 
4. How many functional cells are usually produced when a microsporocyte undergoes meiosis? What are these cells called and what happens to them?_________________________________________________________________________________ 
5. How many nuclei does a typical mature pollen grain have before pollination?
How many nuclei does a mature male gametophyte have just before fertilization?
6. How does a pollen tube enter an embryo sac?
7. What is the difference between pollination and fertilization?
8. What happens to antipodals after fertilization has occurred?_______________________________________ 
9. How is an endosperm nucleus formed?
What becomes of an endosperm nucleus after it is formed?_________________________________________ 
10. What structures become a seed coat?_______________________________________________________ 
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