Chapter 7: Meiosis and Cellular Reproduction

Key Concepts:

1. Meiosis

· Meiosis reduces the number of chromosomes by half to form reproductive cells. When the reproductive cells unite in fertilization, the normal diploid number is restored. 

· During meiosis I, homologous chromosomes separate. Crossing-over during prophase I results in the exchange of genetic material between homologous chromosomes. 

· During meiosis II, the two chromatids of each chromosome separate. As a result of meiosis, four haploid cells are produced from one diploid cell.

· Independent assortment, crossing-over, and random fertilization contribute to produce genetic variation in sexually reproducing organisms. 

· In sexually reproducing eukaryotic organisms, gametes form through the process of spermatogenesis in males and oogenesis in females.

2. Sexual Reproduction

· Asexual reproduction is the formation of offspring from one parent. The offspring are genetically identical to the parent. 

· Sexual reproduction is the formation of offspring through the union of gametes. The offspring are genetically different form their parents.

· A disadvantage to asexual reproduction in a changing environment is the lack of genetic diversity among the offspring.

· Sexual reproduction increases variation in the population by making possible genetic recombination. 

· Sexual reproduction may have begun as a mechanism to repair damaged DNA. 

· Eukaryotic organisms can have one of three kinds of sexual life cycles, depending on the type of cell that undergoes meiosis and on when meiosis occurs. 

Key Terms:

1) Meiosis – A form of cell division that halves the number of chromosomes when forming specialized reproductive cells, such as gametes or spores.
2) Crossing-Over – Occurs when portions of a chromatid on one homologous chromosome are broken and exchanged with the corresponding chromatid portions of the other homologous chromosome. 
3) Independent Assortment – The random distribution of the pairs of genes on different chromosomes to the gametes. 
4) Spermatogenesis – The process by which male gametes form in animal cells. 
5) Sperm – The male gamete (sex cell)
6) Oogenesis – The production, growth, and maturation of an egg, or ovum.
7) Ovum – A mature egg cell. 
8) Asexual Reproduction – Reproduction that does not involve the union of gametes and in which a single parent produces offspring that are genetically identical to the parent. 
9) Clone – An organism that is produced by asexual reproduction and that is genetically identically to its parent; to make a genetic duplicate. 
10) Sexual Reproduction – Reproduction in which gametes from two parents unite.
11) Life Cycle – All of the events in the growth and development of an organism until the organism reaches sexual maturity. 
12) Fertilization – The union of a male and female gamete to form a zygote.
13) Sporophyte – In plants and algae that have alternation of generations, the diploid individual or generation that produces haploid spores. 
14) Spore – A reproductive cell or multicellular structure that is resistant to environmental conditions and that can develop into an adult without fusion with another cell. 
15) Gametophyte – In alternation of generations, the phase in which gametes are formed; a haploid individual that produces gametes. 
Formation of Haploid Cells
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Step 1: Prophase I. The chromosomes condense, and the nuclear envelope breaks down. Homologous chromosomes pair along their length. Crossing-over occurs when portions of a chromatid on one homologous chromosome are broken and exchanged with the corresponding chromatid portions of the other homologous chromosome. 

Step 2: Metaphase I. The pairs of homologous chromosomes are moved by the spindle to the equator of the cell. The homologous chromosomes remain together. 

Step 3: Anaphase I. The homologous chromosomes separate. As in mitosis, the chromosomes of each pair are pulled to apposite poles of the cell by the spindle fibers. But the chromatids do not separate at their centromeres- each chromosome is still composed of two chromatids. The genetic material, however, has recombined. 

Step 4: Telophase I. Individual chromosomes gather at each of the poles. In most organisms, the cytoplasm divides (cytokinesis), forming two new cells. Both cells or poles contain one chromosomes from each pair of homologous chromosomes. Chromosomes do not replicate between meiosis I and meiosis II. 
Part II on Next Page
Step 5: Prophase II. A new spindle forms around the chromosomes. 

Step 6: Metaphase II. The chromosomes line up along the equator and are attached at their centromeres to spindle fibers. 

Step 7: Anaphase II. The centromeres divide, and the chromatids (now called chromosomes) move to opposite poles of the cell. 

Step 8: Telophase II. A nuclear envelope forms around each set of chromosomes. The spindle breaks down, and the cell undergoes cytokinesis. The result of meiosis is four haploid cells. 
[image: image2.png]6 Prophase I

Anew spindle forms
around the
chromosomes.

@ Metaphase Il

Chromosomes line up
at the equator.

e Anaphase II

Centromeres divide.
Chromatids move to

opposite poles of
the cell.

Telophase I
and cytokinesis

A nuclear envelope forms around
each set of chromosomes.
The cytoplasm divides.





Meiosis and Genetic Variation
Independent Assortment & Crossing- Over & Random Fertilization
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Because of independent assortment, the crossing-over during DNA exchange, adds even more combinations. Generally, during independent assortment, each cell is different by different possible combinations. In Figure 2, there are two possible combinations visualized. Because of fertilization of an egg by a sperm cell is random, the number of possible outcomes is squared (2²³ ∙ 2²³ = 64 trillion). 
Importance of Genetic Variation

Meiosis and the joining of gametes are essential to evolution. No genetic process generates variation more quickly. In many cases, the pace of evolution appears to increase as the level of genetic variation increases. For example, when domesticated animals such as cattle and sheep are bred for large size, many large animals are produced at first. But as the existing genetic combinations become used up, the ability to obtain larger and larger animals slows down. Further progress must then wait for the formation of new gene combinations. 


Racehorse breeding provides another example. Thoroughbred racehorses are all descendants of a small number of individuals, and selection for speed accomplished all it can with this limited amount of genetic variation. The winning times in major races stopped dramatically improving decades ago. 


The pace of evolution is sped up by genetic recombination. The combination of genes from two organisms results in a third type, not identical to either parent. But bear in mind that natural selection does not always favor genetic change. Indeed, many modern organisms are little changed from their ancestors of the distant past. Natural selection may favor existing combinations of genes, slowing the pace of evolution. 

Meiosis and Gamete Formation
Meiosis in Males. The process by which sperm are produced in male animals is called spermatogenesis. Spermatogenesis occurs in the testes (male reproductive organs). As illustrated in Figure 3, a diploid cell first increases in size and becomes a large immature cell (germ cell). The large cell then undergoes meiosis II to form a total of four haploid cells. The four cells change in form and develop a tail to become male gametes called sperm.

Meiosis in Females. The process by which gametes are produced in female animals is called oogenesis. Oogenesis, summarized in Figure 3, occurs in the ovaries (female reproductive system). Notice that during cytokinesis following meiosis I, the cytoplasm divides unequally. One of the resulting cells gets nearly all of the cytoplasm. It is this cell that will ultimately give rise to an egg cell. The other cell is very small and is called a polar body. The polar body may divide again, but its offspring cells will not survive. 
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Sexual and Asexual Reproduction
Reproduction, the process of producing offspring, can be asexual or sexual. In asexual reproduction a single parent passes copies of all of its genes to each of its offspring; there is no fusion of haploid cells such as gametes. An individual produced in asexual reproduction is a clone, an organism that is genetically identical to its parent. 
In sexual reproduction two parents each from reproductive cells that have one-half the number of chromosomes. A diploid mother and father would give rise to haploid gametes, which join to form diploid offspring. Because both parents contribute genetic material, the offspring have traits of both parents but are not exactly like either parent. Sexual reproduction, with the formation of haploid cells, occurs in eukaryotic organisms, including humans. 
Types of Asexual Reproduction
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Asexual reproduction creates clones. This hydra is in the process of reproducing asexually. The smaller hydra budding from the parent is genetically identical to the parent. However, there are more types of asexual reproduction such as, amoebas reproducing by fission, the separation of a parent into two or more individuals of about equal size, and some multicellular eukaryotes undergo fermentation; a type of reproduction in which the body breaks into several pieces. 
Genetic Diversity

Asexual reproduction is the simplest and most primitive method of reproduction. It allows organisms to produce many offspring in a short period of time. However, the DNA of these organisms varies little between individuals. This may be a problem since many of these organisms won’t be able to survive in a changing environment. On the other hand, sexual reproduction means quickly making different combinations of genes among individuals. Such genetic diversity is the raw material for evolution. 

Sexual Life Cycles in Eukaryotes

The entire span in the life of an organism from one generation to the other is called a life cycle. The life cycles of all sexually reproducing organisms follow a basic pattern of alternation between the diploid and haploid chromosome numbers. The type of sexual life cycle that a eukaryotic organism has depends on the type of cell that undergoes meiosis and on when meiosis occurs. Eukaryotes that undergo sexual reproduction can have one of three types of sexual life cycles: haploid, diploid, or alternation of generations. 
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Haploid Life Cycle

This is the simplest sexual life cycles. Haploid cells occupy major portion of this cycle. The zygote however is the only diploid cell, and goes into meiosis immediately after it is formed, creating new haploid cells. The haploid cells give rise to haploid multicellular individuals that produce games by mitosis; in a process called fusion. The gametes then fuse to produce a diploid zygote, and the cycle continues. 

While the diploid zygote undergoes meiosis, any damage is repaired (during meiosis) when the two homologous chromosomes are lined up side-by-side in preparation for crossing over. Special repair enzymes remove any damaged sections of double stranded DNA, and fill in any gaps. 
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Diploid Life Cycle

In most animals, including humans, a diploid reproductive cell undergoes meiosis to produce gametes. The gametes (sperm and egg cell) fuse together in a process called fertilization, which results in a diploid zygote. This zygote then begins to divide by mitosis, and becomes into an adult who is diploid since they are produced by mitosis. In Figure 7, you can see that the diploid individual that develops from the zygote occupies the major portion of the diploid life cycle. The gametes are the only haploid cells in the diploid life cycle; all of the other cells are diploid. 
Alternation of Generations

Plants, algae, and some protests have a life cycle that regularly alternates between a haploid phase and a diploid phase. As shown in Figure 8, in plants, the diploid phase in the life cycle that produces spores is called Sporophyte. Spore- forming cells in the Sporophyte undergo meiosis to produce spores. A spore is a haploid reproductive cell produced by meiosis that is capable of developing into an adult without fusing with another cell. Thus, unlike a gamete, a spore gives rise to a multicellular individual called a gametophyte without joining with another cell. 


In the life cycle of a plant, the gametophyte is the haploid phase that produces gametes by mitosis. The gametophyte produces gametes that fuse and give rise to the diploid phase. Thus, the Sporophyte and gametophyte generations take turns, or alternate, in the life cycle. 
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In moss, for example, haploid spores develop in a capsule at the top of the Sporophyte “stalk.” When the lid of the capsule pops off, the spores scatter. The spores germinate by mitosis and eventually form sexually mature gametophytes. The male gametophytes release sperm which swim through a film of moisture to the eggs in the female gametophyte. The diploid zygote develops as a Sporophyte within the gametophyte and the life cycle continues. 


It is important not to lose sight of the basic similarity of all three types of sexual life cycles. All three involve an alternation of haploid and diploid phases. The three types of sexual life cycles differ from each other only in which phases become multicellular. 
