EXERCISE 8 – Sexual Reproduction in Flowering Plants

INTRODUCTION tc "INTRODUCTION " \l 2
Flowers, the characteristics of which were studied in Exercise 7, function as the basic reproductive organs of angiosperms and represent the precursors of fruits and seeds.  Sexual reproduction in flowering plants involves a special type of reduction nuclear division (meiosis) and cell differentiation that leads to formation of spores (sporogenesis), which in turn produce the male and female gametes (gametogenesis – the formation of sperm and eggs).  These gametes subsequently fuse (fertilization) to form the fertilized egg (zygote), which ultimately develops into an embryo within a seed.  In this exercise we will examine the mechanism of sexual reproduction as it occurs in flower buds and the eventual production of the seed encased by the ovarian vessel that is commonly called fruit.
For additional information refer to the figures and text given in the photographic atlas (i.e., Figure 9.124 on page 143 through Figure 9.167 on page 153).
Pollen Development and Pollination
As you may recall from an earlier exercise, mitosis is a type of nuclear division associated with cell division in which there is one duplication and one division of nuclear material in such a way that the daughter nuclei each receive the same complement of chromosomes as that contained in the mother cell’s nucleus.  Therefore, in reference to chromosome number, mitosis is an equational division since all cells retain the 2N (diploid) number.  Meiosis, on the other hand, is a reductional type of cell division consisting of one duplication of chromosomes followed by two divisions, resulting in the reduction from 2N (diploid) number to the 1N (haploid) number.  In organisms which reproduce sexually, meiosis is necessary at some point along the process to correct the doubling effect in chromosome number which would otherwise occur at the time of fertilization.  In this exercise, you will see meiosis as an integral part of the overall process of microsporogenesis in the anthers and megasporogenesis in the ovules of the flower.

Examine the demonstration microscopes showing stages of microsporogenesis in a lily beginning with an immature stage and ending with a mature anther.  Locate an anther and notice that it has four lobes, each consisting of a microsporangium which contains diploid microspore mother cells (also called pollen mother cells or microsporocytes).  The microspore mother cells undergo meiosis to form four haploid microspores or tetrad which each differentiates to form pollen grains. 
After a period of time, the microspores in each tetrad separate, enlarge, and then develop thick, and often sculpted, outer walls.  Each cell, which is now called a pollen grain, undergoes a mitotic division to form a tube nucleus (large) and a generative nucleus (smaller).  After the pollen grain is transferred to the stigma (pollination) it begins to germinate and forms a pollen tube.  The pollen tube grows through the tissues of the pistil until it reaches an ovule by passing though the micropyle.  Usually shortly after germination, the generative nucleus in the pollen tube divides by mitosis to form two male gametes (sperm).  A germinating pollen grain including the pollen tube, tube nucleus, and two sperm represents the mature male gametophyte.

Embryo Sac Formation
The process of meiosis during megasporogenesis is basically the same as meiosis during microsporogenesis.  However, the formation of the mature female gametophyte (embryo sac) differs considerably from male gametophyte development. 

A megaspore mother cell (2N) in each ovule undergoes meiosis to form four haploid megaspores.  In most angiosperms, three of these megaspores disintegrate and the remaining one divides by mitosis to form eight haploid nuclei.  These eight nuclei (three antipodals, two polar nuclei, two synergids, and on egg) assume a typical arrangement and form what is called a mature embryo sac (female gametophyte).

Study the stages of megasporogenesis and the development of the female gametophyte by observing the models available in the laboratory.  

Fertilization, Embryo Development, & Seed Formation
As you may recall, the male gametes (sperm) are carried to the mature embryo sac as a result of growth of the pollen tube until it enters the embryo sac though the micropyle.  At this point the contents of the pollen tube are discharged into the cytoplasm of the embryo sac.  The tube nucleus disintegrates shortly thereafter and of the two sperm, one fertilizes the egg, forming the zygote, while the second sperm unites with the two polar nuclei forming a triple fusion nucleus that is 3N or triploid.  This process, whereby both sperm are involved in fertilization, is called double fertilization and is characteristic of the angiosperms.  Since the fertilized egg or zygote results from the fusion of two haploid gametes, the normal diploid number of the species is re-established at fertilization.  

After fertilization, the zygote begins to divide by simple cell division (i.e., mitosis and cytokinesis) and through cellular differentiation, ultimately forms a multicellular embryo within a seed.  The triple fusion nucleus (now called the primary endosperm nucleus, also begins to divide and the subsequent cells form a region of tissue known as the endosperm (a nutritive tissue which may be partially or entirely used by the developing embryo).

Seeds
Reflect back on the lab that dealt with the flower and its parts.  You will recall that the pistil has as one of its parts, the ovary.  Generally speaking, flowers of a given species have ovaries with a constant number of ovules. The latter point is significant in the discussion to follow.

Ordinarily, a seed is formed by fertilization of an egg in the ovule.  During early development, the outside layer(s) of the ovule is termed the integument.  After fertilization, the integument becomes the seed coat.  Seed coats of various species vary from very thin to thick and tough.  At an early sage of development, the ovule contains an egg.  After fertilization the egg develops into the embryo.  

Examine the soaked beans and the preserved specimens of corn, bean, and pea plant seedlings in various of development.  Note the seed coat, cotyledons, embryo, and markings on the outside of the bean (the hilum and micropyle).  Where do the cotyledons end up after seed germination?   What is the fate of the cotyledons in peas and corn?   

Most mature seeds require a rest period.  This is called dormancy.  Dormancy can occur in the embryo or be caused by the seed coat.  Certain species (winter wheat) require near-freezing temperatures during early germination to insure proper flowering in the mature plant.  This process is called vernalization.  

Fruits
A fruit can be defined as a ripened ovary (sometimes with associated parts) with a seed or seeds inside.  Obviously all fruits do not contain seeds.  Seedless grapes serve as a good example.  The ripened ovary wall is termed the pericarp.  Depending on the species, a pericarp may be papery, leathery, thick and very hard, or thick and fleshy.  

CLASSIFICATION OF FRUITS

Botanists classify fruits based on the characteristics these possess.  An attempt has been made to make the following key as simple and practical as possible.  The key includes both cultivated and uncultivated plants of Aransas.  Supermarkets offer fruit types which are important but grown in other areas.  

I. Simple – formed from a single pistil.

A. Dry – pericarp dry, tough, thin, or thick.

1. Indehiscent – not opening a maturity.

a. Achene – seed attached at one point inside the pericarp.  Ex. = sunflower fruit, strawberry – those little “seeds” that get between your teeth are really achene fruits.  The red, juicy portion is the receptacle.

b. Caryopsis or Grain – seed fused completely to pericarp.  Ex. = wheat, corn, rice, etc.  The so-called “seed” is a complete fruit. 

c. Samara - actually a winged-pericarp. Ex. = ash, elm, and maple.

d. Nut – very hard “stony” pericarp. Ex. – acorn (oak), chestnut, Houston, Dickey, etc.
e. Schizocarp – “split fruit” ovaries in pairs. Ex. - carrot, dill, and parsley.

2. Dehiscent – fruit splitting open at maturity.

a. Follicle – splitting open along one suture.  Ex. = magnolia and milkweed.

b. Legume – splitting open along two sutures.  Ex. = bean, pea, and redbud tree.

c. Capsule – splitting open along more than two sutures. Ex. = tulip, iris, okra, and poppy.

d. Silique – seeds formed on a partition between halves of an ovary. Ex. = mustard and radish.

B. Fleshy – pericarp usually thick and juicy.

a. Berry – one to many seeds formed in a superior ovary that is fleshy throughout.  Ex. – grape, tomato, avocado, kiwi fruit, and eggplant. 

b. Hesperidium – outer layer covered with leather skin containing oils; inside of fleshy fruit contain juice sacs.  Ex. – orange, lime, and grapefruit.

c.  Pepo – many seeds formed in an inferior ovary.  Outer layer covered with a thick rind and oils are absent. Ex. – cucumber, squash, watermelon, and pumpkin.

d. Drupe – one-seeded. With outer portions of the pericarp fleshy (exocarp and mesocarp) and inner most layer of the ovary hard (stony endocarp).  Ex. = cherry, peach, walnut, pecan, and coconut.

e. Pome – ovary is inferior and fleshy part of fruit derived from the receptacle. Ex. = quince, apple, and pear.

II. Aggregate – derived from several pistils on the same flower.  Ex. – the strawberry will also fit in this category.  Recall the presences of achenes (each from a pistil) present on the receptacle.  Raspberries and blackberries are included here too.  However, a group of drupes (druplets) are present instead of the achenes in the latter case.  

III.  
Multiple – derived from a structure containing many flowers.  The fruits fuse into a structure known as a multiple fruit. Ex. = hedge apples (AKA Osage Oranges), pineapple, and mulberries.

Some botanists include a category (IV), accessory fruits.  Included therein are fruits with a pericarp along with a receptacle or hypanthium.  Place in this classification are apples, pears, quinces, strawberries, figs (also called a syconium), etc.  

Seed Dispersal 
Like pollen dispersal, seed dispersal relies on various mechanisms to move the progeny to new locations.  The most common forces that plants depend upon to disperse seeds are wind (dandelion and maple), water (coconut), forcible discharge (Touch-me-not and squirting cucumber) and animals (blueberry, mistletoe, and cocklebur). 

Viewing of a film of David Attenborourgh's The Private Life of Plants: BRANCHING OUT. 

