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Biology 160 Lab Module 10
Meiosis Activity 
Introduction
During your lifetime you have grown from a single celled zygote into an organism made up of trillions of cells. The vast majority of these cells are virtually genetically identical. A few cells in your body have half the amount of DNA (haploid). These are reproductive cells called gametes (sperm or eggs). The cells that give rise to sperm and eggs start out like any other cells in your body, but the process of division is different from mitosis, and so the products of cell division are different. Mitosis produces two genetically identical daughter cells, but meiosis produces four unique cells, each with half the DNA (half the number of chromosomes) of the parent cell. Chromosome number is reduced to haploid state during the first cellular division of meiosis, meiosis I.
Learning Outcomes
Upon successful completion of this lab, you should be able to:
1. List the main features of meiosis including the major events of each phase.
2. Explain the processes that give rise to variation in the gametes produced by meiosis.
3. Describe the advantages and disadvantages of this variation in terms of reproduction.

Complete the following table: 
	
	Mitosis
	Meiosis

	Number of chromosomal duplications


	
	

	Number of cell divisions
	
	

	Number of daughter cells produced
	
	

	Number of chromosomes in daughter cells


	
	

	How chromosomes line up (indicate
metaphase, metaphase 1, and
metaphase II)
	
	

	Genetic relationship of daughter cells to parent cells
	
	

	Functions performed in the human
body
	
	


Background information on Meiosis
Meiosis consists of Meiosis I and Meiosis II

Meiosis I consists of prophase I, metaphase I, anaphase I, and telophase II
Prophase I:
During prophase I, DNA coils and winds becoming condensed chromosomes. The nuclear envelope breaks down, nucleoli are usually absent, and the mitotic spindle forms. During prophase I, homologous chromosomes come together in a process called synapsis. Synapsis results in tetrads, a structure consisting of two replicated homologous chromosomes, each consisting of two sister chromatids. Also during prophase I, exchange of genetic material between non-sister chromatids of homologous chromosomes occurs. The non-sister chromatids of the homologous pair form locations where the non-sister chromatids physically cross each other. This process is called crossing-over.
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At these points the non-sister chromatids can exchange portions of the chromatids, resulting in new combinations of alleles (genetic recombination). After this, the sister chromatids in each chromosome are no longer identical. Although they contain the same genes (segments of DNA that influence traits), they now have a new combination of alleles for some of those genes. Alleles are different versions of the same gene.


Metaphase I: 
During metaphase I, the tetrads are arranged along the midline of the cell. Homologous pairs are aligned so that each daughter cell will receive a single chromosome of that pair. Each homologous pair aligns independently of how the other pairs are arranged. This is independent assortment.
Anaphase I:
During anaphase I, the homologous chromosomes are pulled apart. Although the homologous chromosomes are separated, each chromosome consists of two sister chromatids.
Telophase I:
During telophase I, the chromosomes reach the poles. At the end of meiosis I, two haploid cells have formed.  Each cell contains one of the chromosomes from each homologous pair in the parent cell.
Although chromosome number is reduced in meiosis I, each chromosome still consists of two sister chromatids. To produce functional gametes these sister chromatids must be separated into two different cells. This occurs during the process of meiosis II. 
Meiosis II consists of four phases; prophase II, metaphase II, anaphase II, and telophase II.
Meiosis II:
During prophase II, a new spindle is produced, attaches to the chromosomes and moves them toward the midline of the cell. During metaphase II, the chromosomes line up along the midline of the cell. During anaphase II, the sister chromatids are separated and they move toward opposing poles. Each sister chromatid is now called a chromosome. During telophase II, the chromosomes reach the poles and a nuclear envelope is formed at each pole. The process of cytokinesis occurs, resulting in 2 haploid daughter cells. Recall that this process occurs for each of the daughter cells produced during meiosis I. Therefore, there are four total cells produced at the end of meiosis II for each cell that began meiosis I. Each of the four daughter cells produced at the end of meiosis is genetically unique.
In this module you will be using pop beads to model the process of meiosis.

Exercise 1: Modeling Meiosis with Pop Beads
In this exercise, you will be modeling the movement of chromosomes through the eight phases of meiosis. To begin, you will need to get a bag of pop beads. These beads will be strung together to represent chromosomes and you will then use them to demonstrate the phases of meiosis just like you did when you modeled mitosis last week. Recall that we learned that humans have 23 different types of chromosomes and each of your cells (except sperm or egg cells) has two versions of each of these chromosomes for a total Of 46 in each cell. For every type of chromosome, you have two homologues, one inherited from your father and one inherited from your mother. Scientists use the term diploid to describe this situation where there are two versions of each chromosome. In sperm or egg cells the situation is a little different. If these cells had 46 chromosomes, then when they fused, the resulting zygote would have 92 chromosomes. Clearly this is not what happens. When your body produces these sex cells (gametes), the process of meiosis reduces the number of chromosomes from two of each type to one of each type. Cells with one of each type of chromosome are called haploid.

Materials:
Pop beads (38 red beads; 38 yellow beads)
8 “centromeres” (plastic magnetic cylinders)
1 die
Procedures: Work in pairs
1.  Count out your beads - you will need 38 red beads and 38 yellow beads to build your chromatids. You will also need 8 of the magnetic “centromeres”.
2.  Assemble your large chromatids by building a chain of 4 red beads and a chain of 8 red beads and joining these chains to a centromere. Now repeat this to produce another red chromosome and then do the same thing with yellow beads to produce a total of 2 red and 2 yellow long chromosomes (Fig. 3.1).
3.  Assemble your small chromatids by building a chain of 3 red beads and a chain of 4 red beads and joining these chains to a centromere. Now repeat this to produce another red chromosome and then do the same thing with yellow beads to produce a total of 2 red and 2 yellow short chromosomes.  (Fig. 3.1). 

4.  Once you have your chromatids assembled you can begin to model the phases of the cell cycle using these pop-bead models.
5. Try to go through one entire round of meiosis with the pop beads to get a feel for the
process then move on to Exercise 2.
Exercise 2: Modeling Meiosis and Crossing Over
In this exercise, you will be modeling meiosis but this time we will be tracking different versions of genes that are found on the chromosomes. By cracking the genes closely we can see more clearly how the process of meiosis gives rise to a tremendous amount of variation in the cells it produces. In this exercise, we will use pieces of tape to distinguish regions of the chromosome that contain a gene and we will use letters written on the tape to represent slightly different versions of these genes (which are called alleles).
Materials:
Pop beads (38 red beads ; 38 yellow beads)
8 “centromeres” (plastic magnetic cylinders)
2 small pieces of tape
1 die to roll
Procedures:
1. To be able to track the genetics of meiosis, we will need to label the chromosomes with pieces of tape. We will use these pieces to represent different genes. Since genes are always found in the same place (locus) on a chromosome, we will designate genes along our pop-bead chromosomes by placing pieces of tape on specific beads. You will place your first piece of tape two beads in from the end, on the short arm of the long chromosome. Your second piece of tape will go on the long arm three beads in from the end. Your last piece of tape will be placed on the fourth bead in on the long arm of the short chromosome (see Fig. 3.2).
short arm
long arm
 gene 1
gene 2
gene 3

2. Once you have your genes labeled, you will need to distinguish different versions of the genes from each other. These different versions, called alleles, have different sequences of nucleotide bases. (For example, different alleles of a gene that build a protein that is part of a hemoglobin molecule determine if you will be born with sickle cell anemia or not.). For each piece of tape, you will need to write either + or a — sign. To decide which chromosome gets which, you will roll a die for each of the genes. Place your replicated chromosomes in tetrads. Repeat the following roll for each gene (only 3 rolls total). If you roll a 1, 2 or 3 the + goes on the red sister chromatids (use 2 +’s, one on each sister chromatid) and a – goes on the corresponding location on each of the yellow sister chromatids. If you roll a 4, 5, or 6 the + goes on the yellow sister chromatids of the yellow chromosome (and a the – goes on the red sister chromatids).
3. Now you are ready to model the process of meiosis in more detail. This time you will model two events in more detail - crossing over and the lining up of chromosomes during metaphase I.
a. Crossing over: To model crossing over, which is the process that results from the breaking and swapping of DNA strands between homologous chromosomes, you will need to pair up your chromosomes. Place your long red chromosome next to the long yellow and the short red next to the short yellow. With your two long chromosomes lined up next to each other, start at the joint between the first and second bead of the long arm. Roll the die and if it is a 3 or a 6, then break apart the joints on both the red and yellow chromatids that are right next to each other and swap the chromosome tips. If the die rolls a number other than 3 or a 6, then you do not swap the beads at this joint. Either way, after finishing this first joint move down to the joint between the second and third beads and roll the die again.
If the roll is a 3 or a 6, then cross-over at this joint and then keep moving on through all the other joints. Every time you roll a 3 or a 6, you should break open the joint and cross over. After you have finished with the long chromosome, go through the short chromosome and determine if there is a cross over event at each of its joints.
b. Chromosomes line-up in metaphase I: After checking for crossing over on both the chromosomes, it is time to set up the chromosomes for metaphase I. Notice that the process of crossing over forces the two homologous chromosomes to be next to each other. These chromosomes now will line up for metaphase I in pairs.
To determine which chromosome goes on each side of the metaphase plate, we will once again allow chance to dictate this. To set up the long chromosomes, roll the die and if the number is a 1, 2, or 3 then the chromosome with the most red beads will be on the left. If the number is a 4, 5, or 6, then the chromosome with the most yellow will be on the left. Now repeat this for the short chromosome (1, 2 , 3 - red on left; 4,5,6 = yellow on left).
4.   Now go through the rest of meiosis I and then meiosis II until you have produced 4haploid sex cells. These cells are now called gametes and need to find another gamete to fuse with so that they can make a new diploid cell called a zygote. Note that all of the gametes produced by the groups in our lab are likely to be different from each other. Is this true? Check with the other lab benches.





Exercise 3: Random Fertilization
In this exercise, you will model random fertilization with other lab groups using the gametes you produced in Exercise 2. The sources of genetic variation are independent assortment, crossing over, random fertilization and mutations (changes in the DNA sequence). This is how variation is produced during sexual recombination. To prepare for sexual reproduction, some species choose their mate, while in other species; gametes are simply released into the environment. In either case, which sperm fertilizes which egg is random.
Procedures: Work in a group of four.
1. Line your gametes up in a row in front of you. Now roll the die twice, add the numbers together and starting from the left, count through the gametes one at a time until you reach the number you rolled. This is the gamete you will be taking over to another lab group.
	Group
	Alleles for gene 1
	Alleles for gene 2
	Alleles for gene 3

	Example
	+/-
	+/+
	-/-

	#1 
	
	
	

	#2
	
	
	

	#3
	
	
	

	#4
	
	
	

	#5
	
	
	

	#6
	
	
	

	#7
	
	
	

	#8
	
	
	


2. Find another group who needs to create a zygote and join your gamete to theirs. Record the set of alleles found in your new offspring in the chart on the next page and then collect the information from the other groups. You may need to make two zygotes if there is a group that cannot find a “mate”. If this happens, just randomly chose one of your remaining gametes to use for fertilization.
Review:

For each of the following phases of meiosis draw out the chromosomes from an organism that has 3 different types of chromosomes (n=3). The chromosomes need to be drawn so that you can see if they are duplicated or not and the three types should be represented by three different lengths of chromosomes. (Hint: If it has three types of chromosomes it will have 6 chromosomes in a diploid cell (2n=6)!)
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Figure 3.1 Your chromatids


You will build 4 long (2 red and 2 yellow)�and 4 short (2 red and 2 yellow) chromatids.





Figure 3.2


The placement of genes�on your chromosomes
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