Meiosis Lab & Worksheet -- How Your Body Makes Sperm or Eggs 

Pre-Lab Questions

1. What is a karyotype?

2. What is an allele

3. What is a sockosome?

4. What is a haploid cell?  A diploid cell?

5. What is meiosis?

6. How many phases are there in meiosis?  WHY?

7. What is a homologous chromosome?

Chromosomes and Genes in Human Cells
The figure on the left shows a karyotype, which is a photograph of a magnified view of the chromosomes from a human cell that was ready to begin mitosis.  Each chromosome has condensed double copies of its DNA, contained in a pair of chromatids linked by a centromere. 

In a karyotype, the complete set of chromosomes is organized in homologous pairs and numbered.  Each numbered pair of homologous chromosomes carries a specific set of genes. For example, both copies of human chromosome 11 have a gene for the production of the pigment melanin (a molecule that contributes to our skin and hair color), but one may have the A allele for normal melanin production and skin color, while the other may have the little a allele.  If both chromosomes have the little a allele, the body's cells do not produce melanin, which results in albinism (the white skin and hair color shown in the figure on the next page). 

Use your sockosomes to model mitosis in a cell which has two pairs of homologous chromosomes.  All of your sockosomes have labeled masking tape genes.  Find two sockosomes in your group that have the two different alleles for the gene for albinism (A for normal melanin production and skin color and a for albinism).  Next, find two sockosomes in your group that have the two different alleles for the gene for thumb bending (H for straight thumb and h for the hitchhiker’s thumb; you have a hitchhiker’s thumb if you can bend the top part of your thumb backwards more than 45º). Put these four sockosomes in a pile which will represent the two pairs of homologous chromosomes, each with the DNA copied, so the cell is ready to undergo mitosis.   Model the steps in mitosis.  Begin by arranging the sockosomes in the pattern observed for chromosomes in a real cell at the beginning of mitosis (see diagram on previous page).  Use your arms or string to represent the spindle fibers.  Describe your results by completing the following chart. [image: image6.jpg]
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	AA or Aa or aa
	HH or Hh or hh

	Which alleles were present in the original cell?
	
	

	Which alleles are present in each daughter cell

      produced by mitosis?
	
	


Mitosis gives rise to almost all the cells in the body. A different type of cell division called meiosis gives rise to sperm and eggs.  

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 can't your body use mitosis to make sperm or eggs?
Suppose human sperm and eggs were produced by mitosis.  How many chromosomes would each sperm or egg have?  ____

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? 


_____

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

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.  Therefore, after 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.  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.  Cells that only have one copy of every chromosome are called haploid cells.  Which types of cells in our bodies are haploid?

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.  This 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 of other and then separate, as shown below.  This produces daughter cells with half as many chromosomes as the parent cell, i.e. haploid cells.  Notice that each of the daughter cells has a different chromosome from the homologous pair of chromosomes.  This means that the alleles in each daughter cell are different.
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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.





In the diagram above, label the cells which would be the sperm or eggs produced by meiosis.

Using one pair of sockosomes, go through each step of meiosis until you are confident that you understand the difference between Meiosis I and Mitosis and the difference between Meiosis I and Meiosis II.  For example, what is the difference in the way the pair of homologous chromosomes is lined up in a cell at the beginning of Meiosis I versus at the beginning of Mitosis?

Now, use your group’s sockosomes to model meiosis in a cell which has two pairs of homologous chromosomes.  Find two sockosomes that have the two different alleles for the gene for albinism (A for pigmented skin and a for albinism).  Next, find two sockosomes that have the two different alleles for the gene for thumb bending (H for straight thumb and h for the hitchhiker’s thumb).   Put these four sockosomes in a pile to represent the two pairs of homologous chromosomes, each with the DNA copied, so the cell is ready to undergo meiosis.   The genetic makeup of this cell is AaHh.  Now, use these sockosomes to model the steps in meiosis. Notice that you can get different combinations of alleles in individual sperm or eggs, depending on how these sockosomes are lined up at the beginning of Meiosis I.  List all of the different possible combinations of alleles in the sperm or eggs that can be produced by meiosis.

Questions
1.  Describe the differences between the mother cell that undergoes meiosis and the daughter cells produced by meiosis.

2.  Describe the differences between daughter cells produced by meiosis and daughter cells produced by mitosis.

3.  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 when 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 the two homologous chromosomes carry different alleles of the same genes.  One person in your group will be the mother and another will be the father, with sockosomes as shown below. (Alternatively, you may have four sockosomes similar to those shown, but labeled h and H).





In this simple example, how many different types of eggs will be produced by meiosis?  _____

How many different types of sperm will be produced by meiosis?  _____

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.  Fertilization can be demonstrated by having the mother and father each contribute one chromatid from one of their sockosomes to form a zygote.  Thus, the zygote will have a pair of homologous chromosomes including one chromosome from the egg and one chromosome 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 demonstrate fertilization, it works best to lay the chromosomes out on the table, so you can more easily see the different possible combinations.  

Quick Questions:

How many different types of zygotes can be produced by fertilization in this simple case?

What different combinations of the labeled alleles can be observed in the zygotes?

A pair of human parents could produce a great many more different genetic combinations than observed in this simplified example.  For example, humans have 23 pairs of homologous chromosomes, so many, many different combinations of chromosomes can be found in the eggs or sperm produced by one person, and the different combinations of eggs from one mother and sperm from one father 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 are derived from the same zygote.
Down Syndrome

Sometimes, meiosis does not happen perfectly, so the chromosomes are not divided completely equally between the daughter cells produced by meiosis.  For example, an egg or a sperm may receive two copies of the same chromosome.

In a human egg which has received an extra copy of one chromosome, how many chromosomes would there be?

If this egg is fertilized by a normal sperm, how many chromosomes will there be in the resulting in zygote?

Cells need to have just the right balance of chromosomes and genes in order to function properly and develop into a normal baby.  Therefore, in most cases, a zygote which has an extra chromosome will die early in embryonic development, resulting in a miscarriage.  

However, some babies are born with an extra copy of a small chromosome (chromosome 21), and this results in the condition known as Down Syndrome.  A karyotype of a boy with Down Syndrome is shown below.
  Multiple abnormalities result from the extra copy of chromosome 21 in each cell, including mental retardation, a broad flat face, a big tongue, short height, and congenital heart disease.
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Post-Lab Questions

1. How many chromosomes are there in a human skin cell produced by mitosis?  

2. How many chromosomes are there in a human sperm or egg cell produced by meiosis?  

3. Describe the differences between mitosis and meiosis.

4. What are the similarities between mitosis and meiosis?

5. What are some diseases where meiosis would get messed up and how?

6. Now that you know all the terms, describe the process of meiosis from beginning to end with a drawing and label all parts, processes and terms.

7. What is the best sockosome that you can think of?  WHY?






A





a





A





a





Father





Mother











Cell





Cell














Cell





Cell





Cell





Cell





Cell








Cell





Cell














� In this karyotype it is difficult to see the sister chromatids in each chromosome, since they are very close to each other.
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