Chapter 9: Meiosis and Sexual life cycles
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· Sexual life cycles produce genetic variation among offspring
Like begets like. Offspring resemble their parents more than they do less closely related individuals of the same species. The continuity of traits from one generation to the next is called heredity. Offspring also exhibit individuality, i.e. they differ from their parents and their siblings. Genetics is the scientific study of heredity and variation. This chapter deals with how sexual reproduction passes chromosomes from parents to offspring.
Offspring acquire genes from parents by inheriting chromosomes
· Gene = basic unit of heredity. Consists of segments of DNA encoding a function. Genes program the emergence of specific traits in the development from fertilized egg to adult.
· Genome = An organism's total genetic endowment (i.e. all the DNA in the nucleus).
· Most genes encode proteins. Cumulative action of these proteins produces an organism's inherited traits.
· Inheritance has a chemical basis in the precise replication of DNA, resulting in copies of genes that can be passed along from parents to offspring.
· DNA in eukaryotes divided into chromosomes.
· Chromosome number is unique to each species. 
· Each chromosome consists of a single DNA molecule, along with various proteins complexed to it.
· DNA in chromosomes is elaborately folded and coiled (along with associated proteins) and makes up the structure of chromosomes.
· Each DNA molecule (i.e. chromosome) contains 1000's of genes. 

· Locus (loci) = specific location of a gene along the length of DNA sequence. 

· Offspring inherit chromosomes from their parents, along with whatever genes are encoded in it. 

Comparison between asexual and sexual reproduction
· Asexual reproduction
· Single individual is sole parent and passes copies of all its genes to offspring (mitosis). Therefore the genome of parent is identical to offspring ( i.e. a clone). No genetic variation produced.
· Common in many unicellular organisms.
· Also found in some multicellular organisms
· hydra
· aphids and many other insects
· many plants (clonal propagation)
· fungi 

Sexual reproduction
· Results in much greater genetic variation.
· Two parents give rise to offspring that have unique combination of genes inherited from both parents.
· Offspring vary from their parents as well as their siblings.
· Common in most multicellular organisms. 

Fertilization and meiosis alternate in sexual life cycles
· Life cycle = generation-to-generation sequence of stages in the reproductive history of an organism, from conception to reproduction of its own offspring. 

· Somatic cells = any cell other than sperm and ovum. Human somatic cells have 46 chromosomes (23 pairs) 
· Chromosomes can be distinguished by:
· 1. size
· 2. position of centromere
· 3. staining pattern 

· Karyotype = photographic display of number, forms, and types of chromosomes in a cell (Fig 13.3). 

· Homologous chromosomes (homologues) = pair of chromosomes. These are identical in size, form, and in the genes they contain (may have different alleles). Each member of a pair is derived from each parent. 

· Sex chromosomes = 2 nonhomologous chromosomes which pair at meiosis. Determine sex. In humans, females are XX, males are XY. 

· Autosomes = all other chromosomes 

· Each somatic cell in humans has 22 pairs of autosomes and 1 pair of sex chromosomes 

· Gametes = sperm and egg cells (reproductive cells). In animals, haploid gametes are produced by meiosis. 
· Haploid (n) = contains only one set of chromosomes. For humans n = 23. 

· Diploids (2n) = conatin 2 sets of chromosomes. For humans, 2n = 46. 

· Meiosis = type of cell division where chromosome number is reduced by half. Gives rise to reproductive cells. Allows for sexual reproduction. 

Human life cycle
· Fusion of haploid gametes (egg and sperm) is called fertilization. Results in doubling of chromosome number in zygote ( Fig 13.5).
· Zygote divides mitotically to produce diploid multicellular adult. In testes and ovaries, meiosis halves chromosome number to produce haploid gametes.
· Fertilization and meiosis offset each other to maintain chromosome number from generation to generation.
· All sexually reproducing organisms follow a basic pattern of alternation between diploid and haploid conditions. 

The variety of sexual life cycles
· The timing of meiosis and fertilization varies in different life cycles (Fig 13.6):
· 1. Gametes are the only haploid cells (e.g. humans) and undergo no further cell division prior to fertilization. 

· 2. Diploid zygote does not undergo mitosis (e.g. fungi, protists, algae). Multicellular stage is haploid. 

· 3. Alternation of generations: there are both haploid and diploid multicellular stages (e.g. plants, and some algae) 

· Sporophyte = multicellular diploid stage. Gives rise to haploid spores by meiosis. 

· Gametophyte = multicellular haploid stage. Gives rise to gametes by mitosis. 

· These three different life cycles share the common feature of chromosome doubling and halving, giving rise to genetic variation among offspring. 

Meiosis reduces chromosome number from diploid to haploid
· Meiosis, like mitosis, is preceded by chromosome replication ( Fig 13.7 and Fig 13.8).
· Meiosis involves 2 consecutive cell divisions, called meiosis I and meiosis II, resulting in 4 haploid daughter cells.
· Meiosis I: segregates the two chromosomes of each homologous pair, packaging them into separate daughter cells (i.e. centromeres do not divide). 
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· Meiosis II: separates the two sister chromatids of each chromosome (centromeres divide). 
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· * NOTE: sister chromatids are identical to one another. Homologous chromosomes are not identical. 

Comparison of meiosis and mitosis
· 3 main differences between mitosis and meiosis (all three differences unique to meiosis occur in meiosis I) (Fig 13.9).
· 1. In prophase I homologues pair up, a process called synapsis. The four chromatids visible as tetrads. Chiasmata are visible manisfestations of crossing-over between non-sister chromatids. Neither synapsis nor chiasmata occur in mitosis.
· 2. At metaphase I, pairs of chromosomes align at metaphase plate. In mitosis individual chromosomes align at metaphse plate.
· 3. At anaphase I of meiosis, centromeres do not divide and sister chromatids do not separate, but remain attached and go to same pole of cell. 

Sexual life cycles produce genetic variation among offspring
· 3 mechanisms contribute to genetic variation: 
· 1. Independent assortment of chromosomes (Fig 13.10)
· orientation of homologous pair at metaphase I relative to the two poles is random.
· each homologue has 50/50 chance of going to either pole.
· number of combinations possible when meiosis packages chromosomes into gametes by independent assortment is 2n , where n is haploid number. 

· 2. crossing over
· during prophase I, crossing over occurs between portions of two nonsister chromatids (Fig 13.11).
· in humans, average of 2 cross over events per chromosome. 

· 3. random fertilization
· each sex produces millions of different gametes (due to 1 and 2). 
· gametes fuse randomly, so total number of genetically distinct diploids is immense. 

In the longterm, mutation is the ultimate source of genetic variation, but in the short term, from one generation to the next, most variation results from meiosis and random fertilization. Because of this constant creation of new genetic variations, sexually reproducing species are much more able to adapt to changing environmental conditions, and evolve much faster. Meiosis was very advantageous to the early eukaryotic cells, because they could adapt and evolve faster than prokaryotes, despite the fact that eukaryotic cells are much larger and complex, and take much longer to replicate. 
