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Meiosis Investigation
Overview
     In this laboratory, you will investigate the process of meiosis.  You will study the crossing over and recombination that occurs during meiosis by examining the arrangements of ascospores in the asci from a cross between wild type and mutants for tan spore coat color in the fungus Sordaria fimicola.  These arrangements will be used to estimate the percentage of crossing over that occurs between the centromere and the gene that controls the tan spore color.  
Objectives
At the completion of this laboratory you should be able to:
· Explain how meiosis and crossing over result in the different arrangements of ascospores within asci.
· Describe the role of meiosis and mitosis in the formation of the ascospores within the asci of Sordaria fimicola.
· Estimate the percentage of crossing over that occurs between two genes during meiosis.
· Discuss how crossing over can introduce additional genetic variability into the products of meiosis.
Background
     Meiosis reduces the chromosome number in half during the formation of gametes in animals and spores in plants.  During the first meiotic "reduction division," the chromosomal pairs are partitioned so that each gamete (or spore) contains one of each chromosomal pair (haploid).  When haploid gametes unite during fertilization, the resulting zygote is diploid, having received one chromosome of each pair from both parents.
     Meiosis involves two successive nuclear divisions that produce four haploid cells.  The first division (meiosis I) is the reduction division.  The second division (meiosis II) separates the duplicate chromatids.
     Meiosis cell division produces cells that are different from the original cell, increasing genetic variation in the population.  Each diploid cell undergoing meiosis can produce 2n different chromosomal combinations, where n is the haploid number.  In humans, n = 23.  Thus humans can produce 223 or over eight million different combinations.  
     In addition, meiosis increases variation because during meiosis I, each pair of chromosomes comes together in a process known as synapsis.  Chromatids of homologous chromosomes may exchange parts in a process called crossing over.  You can estimate the relative distance between two genes on a given chromosome by calculating the percentage of crossing over that takes place between them.
     Sordaria fimicola is an ascomycete fungus that can be used to demonstrate the results of crossing over during meiosis.  Sordaria is a haploid organism for most of its life cycle.  It become diploid only when the fusion of the mycelia (filametlike groups of cells) of two different strains results in the fusion of the two different types of haploid nuclei to form a diploid nucleus.  The diploid nucleus must then undergo meiosis to resume its haploid state.  
     Meiosis followed by mitosis, in Sordaria results in the formation of eight haploid ascospores contained within a sac called an ascus (plural, asci).  Many asci are contained within a fruiting body called a perithecium.  When the ascospores are mature, the ascus ruptures, releasing the spores.  Each spore can develop into a new haploid fungus.  The life cycle of Sordaria fimicola is shown in Figure 1:
fig. 1:  Life cycle of Sordaria fimicola                
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To observe crossing over in Sordaria, one must make hybrids between wild-type and mutant strains.  Wild-type Sordaria have black ascospores (+),  One mutant strain has tan spores (tn).  When mycelia of these two different strains come together and undergo meiosis, the asci that develop will contain four black ascospores and four tan ascospores (4:4 pattern).  The arrangement of the spores directly reflects whether or not crossing over has occurred.  In figure 2, no crossing over has occurred.
fig. 2: Formation of asci (non-crossover)
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     If crossing over has occurred, the pattern of the ascospores will be changed.  The patterns may be a 2:2:2:2 or 2:4:2.  Figure 3 shows the result of a crossing over between the centromere of the chromosome and the gene for ascospore color.
fig. 3: Formation of asci (crossover)
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Procedure
1. Use the prepared slides of Sordaria to look for the ascospores.
2. View the slide using the 10X objective.  Locate a group of hybrid asci (those containing both        tan and black ascospores).  Count at least 50 hybrid asci and enter your data into Table 2.
Table 2. Sordaria Asci counts
	   4:4 Asci
	 2:2:2:2 or   2:4:2 Asci
	 Total Asci

	
	
	


For the Lab report
1. Using your data in Table 2, determine the distance between the gene for spore color and the        centromere.  Calculate the percent of crossovers by dividing the number of crossover asci             (2:2:2:2 or 2:4:2) by the total number of asci and multiplying this answer X 100.  
   The percentage of crossover is ______________________.
2. Calculate the genetic map distance between the centromere and the spore color gene by                dividing the percent of crossover asci by 2.  The percent of crossover asci is divided by 2              because only half of the spores in each ascus are the result of crossing over.
    The map distance is _________________________.
3. Identify two phenomena of meiosis that increase variation in a sexually reproducing species.  Describe what happens to the chromosomes at each of these phenomena and identify where during meiosis these phenomena take place.  Use the back of this page to compose your response.
Adapted by D. Knuffke
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