Topic 8.1 - Meiosis

8.1.1 Describe the behavior of the chromosomes in the phases of meiosis. 

· Prophase I
The chromosomes are visible here and each chromosome is composed of two sister chromatids attached at the centromere. Each two chromosomes of a pair come close together and are crossed at areas called chiasmata. The process of crossing over occurs between the chromatids of the two homologous chromosomes at these points. Recombination is the process that causes the two chromatids to exchange bits and pieces of genetic material, and this results in a new combination of genes in the resulting chromosomes. Meanwhile, the cell nucleus breaks down and dissolves and microfilaments form, pulling the chromosomes away from the center of the cell. Prophase I is the longest of the stages, and may occupy 90% of the time spent in meiosis. 

Metaphase I
The chromosomes line up along the equator of the cell in this stage. At the two poles of the cell are located the two centrioles. Spindle fibers are attached to the centromere of each chromosome .

Anaphase I
The chromosomes are pulled by the spindle fibers of each centriole on the opposite poles. One half of the chromosomes are pulled by one centriole while the other half is pulled by the other. In each homologous pair one chromosome of the pair is pulled by one centriole and the other is pulled by the other centriole; sister chromatids, however, remain attached at the centromeres.

Telophase I
The two groups of homologous chromosome pairs move farther away from each other and the cytoplasm constricts between two groups of chromosomes. This results in the formation of two cells each with half the number of chromosomes. However, keep in mind that the cell still retains an equal number of chromosomes as any non-meiotic cell at this point, as its chromosomes are actually pairs of sister chromosomes.

Prophase II
Each cells starts to go into division again and the chromosomes appear thick and visible. The chromosomes are not present in pairs during this stage because the two chromosomes of a pair have already separated during meiosis I. 

Metaphase II
During this stage, the chromosomes line up in one file like in mitosis. The two centrioles are at the two poles of the cells and their spindle fibers are attached to the centromeres of the chromosomes.

Anaphase II
The spindle fibers pull the chromatids and the two chromatids of one chromosome are pulled by the two centrioles in opposite directions. This results in the splitting of the centromere and the seperation of the sister chromatids. They start to move away from each other by being pulled by the spindle fibers.

Telophase II
Each group of chromosomes becomes surrounded by a nuclear envelope and the chromosomes become thin and long again. The nucleolus reappears and the spindle fibers disappear. 

In the end, four cells result, each with half the number of chromosomes of that f the original mother cell. Now the chromosomal number is n. These four cells are called gametes. 

8.1.2 Outline the processes of crossing over and the formation of chiasmata. 

· Crossing over is a source of variation. A pair of homologous chromosomes are linked and together with other genes on one chromosome they are called a linkage group. The homologous chromosome pairs link at points called chiasmata. Each chromosome is replicated into two chromatids. They can then cross over to the other side to change the combination of the gametes. A combination can change from AB, AB, ab, ab to AB, Ab, aB, ab. 

8.1.3 Explain how meiosis results in an effectively infinite genetic variety in gametes through crossing over in prophase I and random orientation in metaphase I. 

· Random orientation effectively creates an infinite number of variety of gametes first because of the varitey offered by independent assortment. This alone allows the animal to produce a number of different gametes equal to 2 raised to the n power (n = haploid number of chromosomes). For example, humans can produce 2 to a power of 24 different gametes. Crossing over adds the possibility of more varieties, which can change this already high number to a near infinite amount of possibilities. 

8.1.4 Define recombination. 

· Recombination - the reassortment of genes or characters into different combinations from those of the parents.
Recombination occurs for linked genes by crossing over and, for unlinked genes, by chromosome assortment.

8.1.5 State Mendel's law of independent assortment. 

· Mendel's law of independent assortment states that the chromosomes in a cell can line up to separate in a random fashion and the orientation of the homologous chromosomes are random and not predetermined. 

8.1.6 Explain the relationship between Mendel's law of independent assortment and meiosis. 

· Mendel's law of indepedent assortment goes hand in hand with meiosis. It is one of the reasons that meiosis can yield so many varieties of gene combinations. The law of independent assortment states that chromosomes separate into cells in meiosis independently of one another; that is, the distribution of genes for one trait does not affect the distribution of genes for any other traits on a different chromosome. Chromosomes are not connected in any way when separating in meiosis, thus contributing to the incredible range of genetic variability produced by meiosis.

Topic 8.2 - Dihybrid Crosses

8.2.1 Calculate and predict the genotypic and phenotypic ratios of offspring of dihybrid crosses involving unlinked autosomal genes. 
· If you cross RrBb with another RrBb, you can predict that you will come up with the phenotype of 9 showing the two dominant traits, 3 showing the dominant R and the recessive b, 3 showing the recessive r and dominant B, and 1 showing both recessive. There will be the genotype of 1 RRBB, 2 RrBB, 2 RRBb, 1 RRbb, 4 RrBb, 2 Rrbb, 2 rrBb, 1 rrbb, and 1 rrBB. 

8.2.2 Identify which of the offspring in dihybrid crosses are recombinants. 
· Recombination has often been restricted to linked genes but it also appliess to non-linked situations. An example would be a tall, white (Ttrr) with a short, red (ttRr) - that offspring would have four different phenotypes -tall, white (Ttrr), short, red (ttRr), tall, red (TtRr), and short, white (ttrr). The tall, red and the short, white are the recombinants. 

8.2.3 Outline the use of the chi-squared test in analyzing monohybrid and dihybrid crosses using given values. 
· The test can be used to establish whether an observed ratio differs significantly from the expected one. 

Topic 8.3 - Autosomal Gene Linkage

8.8.1 State the difference between autosomes and sex chromosomes. 
  There is an important exception to the rule of homologous chromosomes for human somatic cells: the two distinct chromosomes referred to as X and Y. Human females have a homologous pair of X chromosomes (XX) and males have one X and one Y chromosome (XY). These chromosomes determine the sex of the individual, so they are called sex chromosomes. All other chromosomes (non-sex chromosomes) are called autosomes., 
8.3.2 Explain how crossing over in prophase I (between non-sister chromatids of a homologous pair) can result in an exchange of alleles. 

· During Prophase I, the chromatids of homologous chromosomes are criss-crossed. These crossings are called chiasmata. During prophase I, the chromosomes trade segments, a process called crossing over. It is important to remember that the pairing of homologous chromosomes is very precise, and they are matched gene to gene. Crossing over can result in the change of alleles because the chromatids exchange genetic material, or swap the genes at specific sites on each chromosome. Crossing over gives rise to individual chromosomes that have combination of DNA originally derived from two different parents. 

8.3.3 Define linkage group. 

· A linkage group is a pair of homologous chromosomes. 

8.3.4 Explain an example of a cross between two linked genes. 

· Alleles are shown side by side in dihybrid crosses (TtBb). In representing crosses involving linkage it is more comon to show them as vertical pairs: TB over tb. The TB is underlined and then there is a space, then there is a tb below it with a line above it. This will be how IB wants it on examination papers. Picture will be inserted at a different time. 

8.3.5 Identify which of the offspring in such dihybrid crosses are recombinants. 

· In a test cross of TB and tb, the recombinants will be Tb, tb, tB, and tb. 

Topic 8.4 - Polygenic Inheritance

8.4.1 Define polygenic inheritance. 

· Polygenic inheritance is an additive effect of two or more gene loci on a single phenotypic character. These characters are usually those that have more than just two phenotypes, or even an apparently continuous variation of phenotypes, such as human skin color. These are controlled by polygenic genes. 

8.4.2 Explain that polygenic inheritance can contribute to continuous variation using two examples. One example must be human skin color. 

· One example is the comb shape in chickens. The genes responsible are R, r and P, p. They are walnut shaped if the genes present are R_P_ (the remaining allele locus does not impact shape if these two are present, hence the dash). There are rose-shaped combs which are produced by R_pp. There are pea shaped ones due to the gene combination of rrP_. There are also single shaped ones with the combination of rrpp. For skin color, there are three alleles, which we will call A, a; B, b; and C, c. An individual with AABbcc would have three units for dark skin. This is what the majority of people have. If you have AABBCC, the skin is very dark, and if only one is dominant, such as Aabbcc, the skin is very light. 

