Section:

Animal Science
Unit:

Unit 5: Cell Structure and Function
Lesson Title:
Lesson 8: Cellular Reproduction - Meiosis

Time
Instruction time for this lesson: 50 minutes.

Resources/References

Biology “Principles and Exploration”

Tools, Equipment, and Supplies

Overhead or PowerPoint 

Yarn – cut into 4” pieces – several per student

One poster board (or cardboard) for each four students within the class, with 10 squares 

making up a storyboard on each one (see example on back of this lesson).

Pipe cleaners (approximately three per student)

Markers

Glue or Rubber Cement


Notebooks, or equivalent to take notes


Twisty Ties

Key Terms
Spermatogenesis 

Oogenesis 


Meiosis 

Meiosis I


Meiosis II


Prophase I

Prophase II


Metaphase I


Metaphase II

Anaphase I


Anaphase II


Telophase I

Telophase II


Crossing Over

Interest Approach

Before students enter the room, display slide #2 (egg being fertilized).  Leave it up while you complete roll announcement etc.

We will begin today’s lesson with a Bob the Weather Guy Moment. I want each of you to compose a 30-second “weather” report about the picture being displayed. What could it be? What are the possibilities? Use the next two minutes to create a “weather” report.

Now, I would like each of you to find a partner.  Take the next two minutes to give your “weather” reports to each other.

Are there any volunteers who would like to give their reports to the entire class?

You all did a great job. This picture, as many of you figured out, is the result of meiosis. This is the point of fertilization. Today we are going to discover the exciting form of cell division called meiosis that makes it possible for sperm and egg cells to be formed. Let’s begin.

Summary of Content and Teaching Strategies

Objective 1.
Understand and explain the processes occurring during meiosis one.
Divide class into groups of four. Give each group a piece of poster board or cardboard. Each student needs to have several 4” pieces of yarn, and pipe cleaners (approximately 3), and glue or rubber cement. Assign each student within the groups a stage of meiosis – prophase, metaphase, anaphase or telophase. Have them set aside their supplies and wait for further instructions.

Use slides or overheads #3-7.

Show students slide #3 and allow them to copy it into their notes.

Before we begin, we need to review the process of reproduction. Why? Because understanding the big picture of reproduction will help us put the process of meiosis in context. Therefore, let’s capture this review of reproduction in our notes! Review the following (also on transparency 1):

Asexual (Vegetative) Reproduction (What is asexual reproduction?)
	· A form of duplication using only mitosis. 

· Example, a new plant grows out of the root or a shoot from an existing plant. 

· Produces only genetically identical offspring since all divisions are by mitosis. 

1. offspring called clones meaning that each is an exact copy of the original organism 

2. this method of reproduction is rapid and effective allowing the spread of an organism 

3. Since the offspring are identical, there is no mechanism for introducing diversity 

4. Mitosis is used as a method for cell division within body tissues.


Sexual reproduction (What is sexual reproduction?)
	· Formation of new individual by a combination of two haploid sex cells (gametes). 

· Fertilization- combination of genetic information from two separate cells that have one half the original genetic information 

· Gametes for fertilization usually come from separate parents 

1. Female- produces an egg 

2. Male produces sperm

· Both gametes are haploid, with a single set of chromosomes 

· The new individual is called a zygote, with two sets of chromosomes (diploid).

· Meiosis is a process to convert a diploid cell to a haploid gamete, and cause a change in the genetic information to increase diversity in the offspring.


So remember, in mitosis, the new cells have exactly the same number and kind of chromosomes as the original cells. In meiosis, another unique type of cell division produces gametes, with half of the number of chromosomes. Let’s learn more about meiosis now:

Begin by showing slide #3. Meiosis is a form of cell division that halves the number of 
chromosomes when forming specialized reproductive cells called gametes.  There are two 
types (one for each type of gamete), spermatogenesis for sperm formation and oogenesis 
for ovum or egg production.

Show slide #4. Meiosis – the overview.


In meiosis, there are two separate divisions, Meiosis I and Meiosis II.


By the end of both processes, the original diploid cell (2n) cell has divided into four 
haploid cells (n).


These haploid cells are called gametes: sperm and eggs. When fertilized, the resulting 
cell is called a zygote, again with a diploid number of cells.

Show slide #5 – Interphase – a step ahead of  meiosis!


For each of the slides that follow, there will be an explanation of the step, and then 

directions to create the story board. The next slide will be a visual reference for the 
phase.

Prior to beginning meiosis I the cell replicates its chromosomes in Interphase. After replication, each chromosome consists of two identical sister chromatids, held together by a centromere.

Directions for storyboard: Take out a piece of yarn. This is your original chromosome. Take out another piece of yarn identical to the first. This is your identical chromosome. Tie them together with a twisty-tie. This twisty-tie is called the centromere. Glue them to the first block on the cardboard and label it Interphase. Your chromosome has just been duplicated!

Show slide #6 – All chromosomes replicate in Interphase!


This slide shows what happens when genetic material is duplicated prior to Meiosis I. Be 
sure to label your story boards with all the proper terminology.

Show Slide #7: 


Meiosis involves two divisions of the nucleus, Meiosis I and Meiosis II, and each 
division is subdivided into prophase, metaphase, anaphase, and Telophase stages.  

Before Meiosis begins, the DNA in the original cell is replicated. Thus, Meiosis starts with homologous chromosomes. Recall that homologous chromosomes are similar in size, shape and genetic content. Let’s now take a closer look at meiosis I.

Show slides #8, #9 and #10. Step one of Meiosis is Prophase I. The chromosomes condense, and 
the nuclear envelope breaks down. Homologous chromosomes pair all along their length 
and then crossover. Crossing-over occurs when portions of a chromatid on one 
homologous chromosome are broken and exchanged with the corresponding portions on 
one of the chromatids of the other homologous chromosome.

Show slides #11, #12 and #13. Have students capture information from slide #10 in their notes, 
watch the visual of Metaphase in step 12 and create their storyboard in step 13. Step two 
is Metaphase I. The spindle moves the pairs of homologous chromosomes to the equator 
of the cell. The homologous chromosomes, each made up of two chromatids, remain 
together.

Show slides #14,# 15 and #16. Step three of Meiosis I is Anaphase I. The homologous 
chromosomes separate. As in Mitosis, the chromosomes of each pair are pulled to 
opposite poles of the cell by the spindle fibers. But the chromatids do not separate at their 
centromeres; each chromosome is still composed of two chromatids. The genetic 
material, however, has recombined.

Show slides #17, #18 and #19. Step four is Telophase I. Individual chromosomes gather at each 
of the poles. The cytoplasm divides, forming two new cells. Both cells or poles contain 
one chromosome from each pair of homologous chromosomes. The chromosomes do not 
replicate between Meiosis I and Meiosis II, instead a resting period occurs.

Objective 2. 
Comprehend the processes occurring in Meiosis II.
For each of the stages in Meiosis II, have student capture the first slide in their notes, watch the animation of the stage in the second slide and then add to their storyboards in the third slide.

Show slide #20. Review the information on slide.

Show slides #21,# 22 and #23. Step five is the beginning of Meiosis II and it starts with Prophase 
II. A new spindle forms around the chromosomes.

Show slide #24,# 25 and #26. Step six is Metaphase II. The chromosomes line up along the 
equator and are attached at their centromeres to spindle fibers.

Show slide #27. Let’s review the fist two stages of Meiosis II. What has happened? How is this 
similar to Mitosis?

Show slide #28,# 29 and #30. Step seven is Anaphase II. During Anaphase II the centromeres 
divide, and the chromatids, which are now called chromosomes, move to opposite poles 
of the cell. 

Show slides #31, #32 and #33. Step eight is the concluding step of Meiosis. During Telophase II, 
a nuclear envelope forms around each set of chromosomes. The spindle breaks down and 
the cell undergoes cytokinesis. The result of Meiosis is four haploid cells.  

Objective 3. 
Explain what crossing over accomplishes.

Show slide #34 and explain the following.  

Animals have many chromosomes. In humans, each gamete receives one chromosome from each of 23 pairs of homologous chromosomes. But, the chromosome that an off spring receives from each of the twenty-three pairs is a matter of chance. This random distribution of homologous chromosomes during Meiosis is called independent assortment. Each of the 23 pairs of chromosomes segregates independently. Thus, 223 (about eight million) gametes with different gene combinations can be produced from one original cell by this mechanism.

The DNA exchange that occurs during crossing-over adds even more recombination to the independent assortment of chromosomes that occurs later in Meiosis. Thus, the number of genetic combinations that can occur among gametes is practically unlimited.

Review/Summary. 

In the final block of the story board, have students provide a summary of the actions that occur in the cell in Meiosis I and Meiosis II. Utilize this to compare this process to Mitosis in the summary as follows.

Comparing Meiosis and Mitosis

· Chromosome behavior 

1. Mitosis: Homologous chromosomes independent 

2. Meiosis: Homologous chromosomes pair forming bivalents until Anaphase I 

· Chromosome number- reduction in Meiosis 

1. Mitosis- identical daughter cells 

2. Meiosis- daughter cells haploid 

· Genetic identity of progeny: 

1. Mitosis: identical daughter cells 

2. Meiosis: daughter cells have new assortment of parental chromosomes 

3. Meiosis: chromatids not identical, crossing over 

Application

Extended classroom activity:

Have students make a poster of Meiosis process similar to the pictures in the slides, but combined onto one poster board.

FFA activity:

Using the Life Knowledge CD and the lesson HS100, relate how we define, identify, and hypothesize human potential with the steps that are used in determining the potential of crossing animals.

SAE activity:

For those students with livestock or crop SAEs, ask how knowledge of Meiosis can help them manage their SAEs. How do you breed superior livestock?

Transparency 1

Asexual (Vegetative) Reproduction 
	· A form of duplication using only Mitosis. 

· Example, a new plant grows out of the root or a shoot from an existing plant. 

· Produces only genetically identical offspring since all divisions are by Mitosis. 

1. offspring called clones meaning that each is an exact copy of the original organism 

2. this method of reproduction is rapid and effective allowing the spread of an organism 

3. Since the offspring are identical, there is no mechanism for introducing diversity 

4. Mitosis is used as a method for cell division within body tissues.


Sexual reproduction 
	· Formation of new individual by a combination of two haploid sex cells (gametes). 

· Fertilization- combination of genetic information from two separate cells that have one-half the original genetic information 

· Gametes for fertilization usually come from separate parents 

1. Female- produces an egg 

2. Male produces sperm

· Both gametes are haploid, with a single set of chromosomes 

· The new individual is called a zygote, with two sets of chromosomes (diploid). 

· Meiosis is a process to convert a diploid cell to a haploid gamete, and cause a change in the genetic information to increase diversity in the offspring. 


Meiosis Story Board

(Key)
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Anaphase I 
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Prophase II
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Metaphase II 
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Anaphase II 
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Telophase II
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A summary of Meiosis!


Great references!

http://www.phschool.com/science/biology_place/biocoach/meiosis/metai.html
http://www4.ncsu.edu/unity/users/b/bnchorle/www/
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