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Image for A-Set:  Human Karyotype (chromosomes have duplicated)
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Modeling Meiosis and Fertilization Student Activity
Name:  ____________________________

Meiosis -- How Your Body Makes Sperm or Eggs

Almost all the cells in your body were produced by mitosis.  The only exception is sperm or eggs which are produced by a different type of cell division called meiosis.  

During fertilization the sperm and egg unite to form a single cell called the zygote which contains chromosomes from both the sperm and egg.  The zygote undergoes mitosis to begin development of the human embryo which eventually becomes a baby. 

Why your body can not use mitosis to make sperm or eggs
1.  Remember that a typical cell in your body has 46 chromosomes (23 pairs of homologous chromosomes).  Suppose that human sperm and eggs were produced by mitosis.  How many chromosomes would each sperm or egg have?  ____

2.  If a sperm of this type fertilized an egg of this type, and both the sperm and egg contributed all of their chromosomes to a zygote, how many chromosomes would the resulting zygote have?      _____

3.  In humans, how many chromosomes should a zygote have, so the baby's body cells will each have a normal set of chromosomes? _____

4.  Obviously, if the body used mitosis to make sperm and eggs, the resultant zygote would have too many chromosomes to produce a normal baby.  To produce a normal zygote, how many chromosomes should each sperm and egg have?  _____

To produce the needed number of chromosomes in sperm and eggs, meiosis reduces the number of chromosomes by half.  For example, in humans each sperm and each egg produced by meiosis has only 23 chromosomes, including one chromosome from each pair of homologous chromosomes.  
When an egg and sperm are united during fertilization, the resulting zygote has 23 pairs of homologous chromosomes, one in each pair from the egg and one from the sperm.  Thus, the zygote has 46 chromosomes, and when the zygote undergoes mitosis to begin to form an embryo, each cell will have the normal number of 46 chromosomes.
Cells that have two copies of each chromosome (i.e. cells that have pairs of homologous chromosomes) are called diploid cells.  Most of the cells in our bodies are diploid cells.  
5.  Cells that only have one copy of each chromosome are called haploid cells.   Which types of cells in our bodies are haploid?

Meiosis -- Two cell divisions to produce haploid sperm or eggs

Before meiosis, the cell makes a copy of the DNA in each chromosome. Then, during meiosis there are two cell divisions, Meiosis I and Meiosis II.  Meiosis reduces the chromosome number by half and produces four haploid daughter cells.  

Meiosis I


Meiosis I is different from mitosis because homologous chromosomes line up next to each other and then the two homologous chromosomes separate, as shown below.  This produces daughter cells with half as many chromosomes as the parent cell, i.e. haploid cells.  Notice that each daughter cell has a different chromosome from the homologous pair of chromosomes.  
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1. Compare the chromosomes in the two daughter cells produced by Meiosis I.  Do these chromosomes have the same alleles?  How do you know?

2.  Label the sister chromatids of the chromosome in the first daughter cell shown above.

Meiosis II

Meiosis II is like mitosis.  The sister chromatids of each chromosome are separated, so each daughter cell gets one copy of each chromosome in the mother cell.
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3.  In the diagram above, label the cells which represent the sperm or eggs produced by meiosis.

Modeling Meiosis 
Find two sockosomes that have the two different alleles for the gene for albinism (A for normal color skin and a for albinism).   Use these sockosomes to model each step of meiosis, as shown on the previous page.  Repeat until you are confident that you understand the differences between Meiosis I and Mitosis and the differences between Meiosis I and Meiosis II.  

1.  What is the difference in the way the pair of homologous chromosomes is lined up in a cell at the beginning of Meiosis I vs. the beginning of Mitosis?

2.  You have been modeling meiosis beginning with a diploid cell that has the genetic makeup Aa.  The genetic makeup of the haploid sperm or eggs produced by meiosis is: __ A or a    __ AA or aa     __ Aa
Next, find two sockosomes that have the two different alleles for the gene for dwarfism (D for dwarfism and d for normal height).  Use all four sockosomes to model meiosis in a cell which has two pairs of homologous chromosomes, with the genetic makeup AaDd.  Begin by lining up the sockosomes the way real chromosomes line up at the beginning of Meiosis I.  Notice that there is more than one possible way for the sockosomes to line up at the beginning of Meiosis I.  Model meiosis for each way of lining up the sockosomes at the beginning of Meiosis I.

3.  Show your results by completing the following chart.  
	Chromosomes 

at the beginning 

of Meiosis I


	
	 

	Genetic makeup 

of sperm or eggs
	 _____  or _____    


	_____  or _____


4.  Explain the reasons for the differences in genetic makeup between the original cell that undergoes meiosis and the sperm or eggs produced by meiosis.  .
5.  Describe the differences between mitosis and meiosis.  

6.  In what ways is cell division by meiosis similar to cell division by mitosis?

7.  The following diagram provides an overview of the information covered thus far.  Review the diagram, and fill in the correct number of chromosomes per human cell in each blank.  
          Mother _____
          

Father _____

Meiosis ↓


Meiosis ↓


 egg 
_____

          
sperm  _____

  

       Fertilization
zygote _____


Mitosis ↓

                    Embryo _____ 


Mitosis ↓

 baby _____  

Analyzing Meiosis and Fertilization to Understand Genetics
In this section you will investigate how events during meiosis and fertilization determine the genetic makeup of the zygote, which in turn determines the genetic makeup of the baby that develops from the zygote.

You already know that sisters or brothers can have different characteristics, even though they have the same parents.  One major reason for these different characteristics is that the processes of meiosis and fertilization result in a different combination of alleles in each child.

To begin to understand this genetic variability, you will model meiosis and fertilization for a very simplified case where there is only one pair of homologous chromosomes per cell and you will consider just one gene on this chromosome.  In both the mother and the father, this gene will have different alleles on the two homologous chromosomes, as shown in the figure below. (Alternatively, you may have four model chromosomes similar to those shown, but labeled a and A).
1.  Considering just the labeled alleles, how many different types of eggs will be produced by meiosis?  

List the genetic makeup of the different types of eggs.

The father will also produce sperm with different alleles.  The different types of sperm can fertilize the different types of egg to result in zygotes with different combinations of chromosomes from the mother and the father.  

Modeling Meiosis and Fertilization 
One of you should be the father and demonstrate how meiosis produces different types of sperm, and your partner should be the mother and demonstrate how meiosis produces different types of eggs.  Next you should use one of the sperm to fertilize one of the eggs to produce a zygote.  The resulting zygote will have a pair of homologous chromosomes including one chromosome from the egg and one from the sperm.  

Try to produce as many different types of zygotes as you can by pairing each type of sperm with each type of egg.  To do this, it works best to lay the chromosomes out on the table, so you can more easily see the multiple different possible combinations.  

1.  List the three different combinations of the labeled alleles that can occur in the zygotes produced by fertilization.

2.  Notice that each parent has two different alleles for this gene, but some of the children will have two copies of the same allele. Explain how a child can have a different genetic makeup than either parent.

3.  Sally and Harry fall in love.  They introduce Sally's identical twin, Emily, to Harry's identical twin, Ken.  Soon there is a double wedding where Sally marries Harry and Emily marries Ken.  Both Sally and Emily get pregnant.  They wonder "Will their babies look exactly alike?"  Answer their question, and explain your reasoning.

In the simple example you have modeled, meiosis and fertilization can produce zygotes with three different combinations of the two alleles for one gene.  Each person has thousands of genes on 46 chromosomes, so a pair of human parents could produce many more different genetic combinations.  For example, humans have 23 pairs of homologous chromosomes, each with different alleles for multiple genes.  As a result of the different ways that the 23 pairs of chromosomes can line up during Meiosis I, many different combinations of chromosomes can be found in the different eggs or sperm produced by one person.  If each different type of egg from one mother could be fertilized by each different type of sperm from one father, they could produce zygotes with approximately 70 trillion different combinations of chromosomes!  You can see why no two people are genetically alike, except for identical twins who both develop from the same zygote.

Adapted from Concepts of Genetics 8e by Klug, Cummings, and Spencer
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