Meiosis

Fill in this worksheet as you follow along with the online tutorial.  This will be a great sheet to help you remember the phases and what goes on in each phase.

1) What is Meiosis?

	
	Description
	Picture

	Interphase
	
	

	Prophase I
	
	

	Metaphase I
	
	

	Anaphase I
	
	

	Telophase I
	
	

	Prophase II
	
	

	Metaphase II
	
	

	Anaphase II
	
	

	Telophase II
	
	


Meiosis Study Sheet
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"Normal" cells contain 2 full sets of chromosomes and are described as diploid or abbreviated as 2n.  Most of your cells are diploid because they contain two sets of chromosomes. Each set of human chromosomes contains 23 chromosomes so most cells in your body have 46 chromosomes. 

Mature gametes (sperm and egg), have one full set of chromosomes and are referred to as haploid or abbreviated as 1n. Cells with only one set of chromosomes are called haploid. 

	Meiosis is often called "reduction division" due to the fact that the genetic material is reduced by half. 
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	It is meiosis that reduces the genetic material in half and it is then fertilization that creates a unique individual from the fusion of those two halves of genetic material. 

When that individual undergoes meiosis his (or her) sperm (or egg) will NOT be a recreation of either its father's sperm or mother's egg.  The individual will instead produce unique gametes containing a quarter of dad's genes and a quarter of mom's genes for a total of a half-filled gamete. The gamete will fuse with another (haploid) gamete from elsewhere and that fusion will create another zygote that will grow into a unique individual. 

That new individual will be composed of the genetic materials from: 

¼ of mom's mom 

¼ of mom's dad 

¼ of dad's mom 

¼ of dad's dad 
	


Sexual reproduction combines the genetic information from two different cells.  Each parent contributes a haploid (n) gamete.  These two gametes, a female egg and a male sperm, fuse to produce a genetically unique single cell called a zygote. The zygote is diploid and is "half identical" to each of its parent. 

To make sure that a full set (n) of chromosomes is in the gametes chromosomes must be distributed in a concise manner. Therefore meiosis has some important functions such as:

1. It reduces the number of chromosomes from diploid (2n) to haploid (n). 

2. It ensures the haploids are a complete set of chromosomes. 

3. It promotes genetic diversity among the products (gametes). 

DNA is replicated only once in meiosis in interphase but the nucleus divides twice! 

	A diploid cell (2n) is composed of a set of chromosomes (n) from both parents and they can be thought of as pairs of chromosomes. The chromosomes from your father are called paternal and those from your mother are called maternal. 
	

	When the two homologous pairs are aligned (side by side) we call the pair a tetrad. 
Therefore, a tetrad is composed of two chromosomes - one maternal (M) and one paternal (P). 
A tetrad will have two centromeres and four chromatids (because it is made from two chromosomes). 
Recall that a dyad was a single (X-shaped) chromosome so a tetrad is composed of two dyads. 
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Prophase I looks identical to mitotic prophase but the chromosomes are matched up in homologous pairs and they swap genetic material between themselves! 

In metaphase I (of meiosis I ) tetrads are aligned along the metaphase plate! Notice that the M and P pairs in the tetrad can be aligned to either side. 
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In anaphase I (of meiosis I) each tetrad separates into two dyads. The paternal and maternal partners are separated. Anaphase I is the point at which the reduction division occurs! 

Notice that each pair is separated in a random direction. 
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After anaphase I comes telophase I and the two newly formed (daughter) nuclei will be haploid (contain n chromosomes). So, after cytokinesis we have two daughter cells that are haploid (and very different from each other - they will be "opposite pairs"!). 

The second division follows without interphase or S phase so there is no duplication of genetic materials. Both daughter cells enter meiosis II as haploid cells. The centrosomes are duplicated. 

Meiosis II is identical to mitosis except now there will be only half as many chromosomes to deal with. 
Both of the daughter cells produced from the cytokinesis (which occurred after meiosis I) will go through meiosis II together. 

In Prophase II the spindle fibers connect to the chromosomes but this time they grab the chromosomes from both sides. 

Metaphase II and anaphase II are identical to metaphase and anaphase in of mitosis (except there are half as many chromosomes). At metaphase II the chromosomes line up along the metaphase plate (as a string of dyads). 

At anaphase II the chromosomes are pulled apart into separate chromatids (which are now chromosomes). Anaphase II is followed by telophase II at which point the chromosomes are bundled into two (haploid) nuclei, one at each pole. 

Then cytokinesis occurs and the cell divides its two haploid nuclei between the two new cells. The end result is two cells each with a haploid nucleus. 
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Twister Candy Meiosis

Analogy: The process of meiosis is like twister candy being separated into four party bags.

Materials:

· Party treat bags

· Twister candies in 2 different colors

· Clear baggies

· Additional candy (smarties)

Scenario:

Last Saturday I had a birthday party for myself but only invited two female friends.  We planned to eat cake and ice cream and watch a movie.  Earlier that morning I went to the candy factory near my house, bought some of their favorite candies and prepared two party favor bags for them to take home.  In the middle of the party bag I included a bag of my favorite twister candy.  

I have two twisters of each color.  I split up the twisters so that each friend would get one color of each twister.  Act out this analogy using your group members, party bags and twister candies. 

Draw a picture of what each candy bag would look like.

What process of division does this remind you of? ___________________

My friends are really nice but not so thoughtful.  Ten minutes before the party they called me and said they would like to bring two other friends who happen to be female.  So being the wonderful person that I am I said OK.  But guess what, I forgot that I didn’t have anymore candy and no money to buy any more.  I wanted to make two more party bags for my friend’s.  If you were in that situation, what would you do?

So this is what I decided to do.  I took the special candy twisters out and split each in half, and separated each strand into different bags.

Draw what the candy bags would look like now.

What process of division would this represent?______________

Why did I need all female party bags?

Lets count the twister candies in the candy bags at each stages.


Meiosis I  2n, diploid


Meiosis II  n, haploid

Is the amount of candy in the candy bags correct?

What process or structure in Meiosis and cell division is represented by:

· One twister fruit candy (double stranded)              ______________

· Twister strands before they separate                     ______________

· Pair of twister fruit candy of same color and shape ______________

· Twister strands after they separate                       ______________

· My fingers pulling the twister strands apart           ______________

· Other candy in the outer bag                                  ______________

· Dividing the candy in the outer bag                         ______________

· The inner bag                                                          ______________

Twister Candy Meiosis

Analogy: The process of meiosis is like twister candy being separated into four party bags.

Materials:

· Party treat bags

· Twister candies in 2 different colors

· Clear baggies

· Additional candy (smarties)

Scenario:

Last Saturday I had a birthday party for myself but only invited two female friends.  We planned to eat cake and ice cream and watch a movie.  Earlier that morning I went to the candy factory near my house, bought some of their favorite candies and prepared two party favor bags for them to take home.  In the middle of the party bag I included a bag of my favorite twister candy.  

I have two twisters of each color.  I split up the twisters so that each friend would get one color of each twister.  Act out this analogy using your group members, party bags and twister candies. 

Draw a picture of what each candy bag would look like.

What process of division does this remind you of? MEIOSIS I

My friends are really nice but not so thoughtful.  Ten minutes before the party they called me and said they would like to bring two other friends who happen to be female.  So being the wonderful person that I am I said OK.  But guess what, I forgot that I didn’t have anymore candy and no money to buy any more.  I wanted to make two more party bags for my friend’s.  If you were in that situation, what would you do?

I would split the candies in the 2 party bags now into 4 party bags

So this is what I decided to do.  I took the special candy twisters out and split each in half, and separated each strand into different bags.

Draw what the candy bags would look like now.

What process of division would this represent?    MEIOSIS II

Why did I need all female party bags?

MEIOSIS IS THE PROCESS OF CELL DIVISION IN THE PRODUCTION OF SPERM AND EGG CELLS (GAMETES).  BECAUSE THE PRESENTER (MYSELF) WAS FEMALE IT WAS IMPORTANT TO CREATE ALL FEMALE PARTY BAGS TO REPRESENT A PARENT CELL THAT PRODUCED FOUR CELLS OF THE SAME SEX.  IN THIS CASE THE FEMALE PARENT CELL PRODUCED FOUR HAPLOID CELLS: 1 EGG CELL AND 3 OTHER DAUGHTER CELLS.  IF THE PARENT CELL HAD BEEN MALE, IT WOULD HAVE PRODUCED 4 HAPLOID SPERM CELLS.

Lets count the twister candies in the candy bags at each stages.


Meiosis 1  2n, diploid


Meiosis 2  n, haploid

Is the amount of candy in the candy bags correct? YES

What process or structure in Meiosis and cell division is represented by:

· One twister fruit candy (double stranded)     REPLICATED CHROMOSOMES

· Twister strands before they separate                    CHROMATIDS

· Pair of twister fruit candy of same color and shape HOMOLOGOUS CHROMOSOMES

· Twister strands after they separate                CHROMOSOMES

· My fingers pulling the twister strands apart          SPINDLE FIBERS

· Other candy in the outer bag                                 ORGANELLES

· Dividing the candy in the outer bag                    CELL MEMBRANE OR CELL

· The inner bag                                                        CYTOKENESIS

Sockosome Meiosis 

 Materials

· Sockosomes (1 per student)

· Large piece of paper with a circle to represent a cell (1 per pair of students)

Meiosis -- How Your Body Makes Sperm or Eggs

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?

1. Suppose 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.  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.

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.

Try it for yourself 

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 vs. 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.  Begin by lining up the sockosomes the way real chromosomes line up at the beginning of Meiosis 1.  Notice that there is more than one possible way for the sockosomes to line up at the beginning of Meiosis 1.  As a result, you can get different combinations of alleles in individual sperm or eggs.  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.  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 _____

MEIOSIS: On the Table

OBJECTIVE: 

Discover how meiosis works by showing key “movie frames” of the key stages in each process on your desk.

IDENTIFICATION:

1. Each single fuzzy piece (pipe cleaner) equals one chromosome

· a pink piece equals one chromosome inherited from the mother;

· a blue piece equals one chromosome inherited from the father.

2. Two fuzzy pieces, held together by a bead—the centromere—equals one chromosome duplicated into two new strands (chromatids), each of which becomes a duplicate chromosome when the centromere splits at the beginning of anaphase.

PROCEDURE: Do all the following from memory and understanding so far; think of each stage as a frame in a movie film of the process:

1. Proceed to arrange the pipe cleaners on the two MEIOSIS sheets, with MEIOSIS I sheet placed above the MEIOSIS II sheet so the arrows flow from sheet to sheet.  Be sure to end up with sperm if you are a boy, or an egg with

polar bodies if you are a girl. 

QUESTION: 

1. What are the 2 main functions of meiosis? 

You are a Machine in a Factory Game

Materials

· Twizzler pull and peel

You are imagining yourself as workers and machines in a candy factory.  Along with your team, your job is to prepare and package “Fruitti Tutti” Candy for distribution.  The materials for “Fruitti Tutti” Candy will be given to you.  In preparing this candy for distribution, we will be showing what happens to chromosomes during the phases of meiosis I and meiosis II.  Pretend that your candy represents the chromosomes found in a human cell.  When directed by your teacher, use the candy to show the position and appearance of the chromosomes at the end of each phase of meiosis.

The phases of meiosis are:

Prophase I

Metaphase I


Anaphase I

Telophase I

Prophase II

Metaphase II

Anaphase II

Telophase II


In this Game you will only be given a limited amount of time to show each phase.  In each round, the team that finishes first with the correct answer will gain one point.  At the end of the game the team that comes in first place with the most points will earn 7 bonus points, second place earns 5 bonus points and third place 3 point.  

Rules

1. There will be no talking except to your teammates.

2. Don’t begin until the Factory Manager says “START”

3. When the Manager says “STOP”, put down all materials and stop production.

4. Cover your work when you are done. 

MACHINE IN A FACTORY GAME SCORE CARD

	
	TEAM POINTS

	Round
	A
	B
	C
	D
	E
	F

	1
	
	
	
	
	
	

	2
	
	
	
	
	
	

	3
	
	
	
	
	
	

	4
	
	
	
	
	
	

	5
	
	
	
	
	
	

	6
	
	
	
	
	
	

	7
	
	
	
	
	
	

	8
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