Meiosis and Mitosis Comparison Sheet.  Fill out after completing Chromosome movements worksheet.


	Objectives
	Cement knowledge of the sequence of events in Mitosis and Meiosis.  Develop an understanding of the similarities and differences between these two important processes of cell division.  Demonstrate the segregation of alleles necessary to understand Mendelian Genetics, and begin learning standard conventions and terminology for study of genetics.
Students should already be familiar with the concepts of the cell cycle, mitosis and meiosis.  This activity serves as a transition between these cellular processes, life cycles, and basic Mendelian Genetics.

Important vocabulary:

Review terms: Mitosis, Meiosis, Chromosome, replicate (replication) prophase, metaphase, anaphase, telophase, gamete, daughter cell
New terms: Allele, , haploid, diploid, , Homologous chromosome

	CA Standards
	Grade 7, 1c, 1e; Grades 9-12: Biology 2a, 2c, 2e.

Extension: 2b, 2d, 2f, 2g

	Materials
	Each Student: 

Diagrams of Mitosis and Mitosis with Instruction sheet:

1) Chromosome movements

2) Allele Tracking

Meiosis and Mitosis Comparison sheets for each diagram

Vocabulary sheet

Each lab station

Colored pencils/pens

Teacher:  Overheads

Mitosis diagram

Comparison Sheets

Pages in Text: Chapter 8.

	Activities
	Anticipatory Set:  Questions:  (5 minutes)
Today you will start to learn about Sex

How is information passed from one generation to the next?

Is there a difference between the reproduction of cells and the reproduction of multicellular organisms?

What is the role of cell division in Sex?

Completion of Mitosis and Meiosis Worksheets (attached).
1: (one class period) Chromosome movements.  Guide students through mitosis following instructions; define terms as you move through process (see below) then let them work through meiosis using the handout, vocabulary sheet, and textbook illustrations (Figure 8-6, mitosis & figure 8-11, meiosis).  (one class period).  

An important point:  Do not spend time going over the vocabulary sheet.  Let students use the sheet as needed when they come across the terms in the activity – this forces the students to define terms as they are being used, and when they can see how they fit into the overall structure, rather than as disconnected bits of learning.  Then, get students to define the terms in their own words, after having completed the worksheet.  This will give you some clues as to how to explain the terms in their register and move them into the academic register.
The phases of each process are more useful as labels to help students complete the diagrams than as knowledge in and of themselves – a general Idea of the different results and functions of mitosis and meiosis is more important than memorizing the stages, which is why they are glossed over a bit in the directions.  If desired, you can simplify these diagrams by cutting out Prophase and Anaphase entirely, which are just transition phases anyway.
Complete Mitosis and meiosis Comparison Sheet for Chromosome movements.

2: Allele Tracking: Day 2; full class period
Follows the same basic structure of first day, but this time students keep track of alleles on chromosomes.
Conclusion:  Wrap up with a brief discussion of fertilization and the return of the diploid number in the next generation – Stress the relationship of meiosis and fertilization (This is Sex!) with the transmission of traits – why you look like your (biological) parents.
Extensions:  
1) Have students track several different genotypes through meiosis to get practice at figuring out what can happen.  In particular have them track the genotype AaBb through meiosis with different pairings during metaphase 1 to observe all of the possible combinations.  This sets them up to learn how to determine gamete genotypes in preparation for Punnett squares when you cover Mendelian genetics.
2) Have students create a similar diagram to show fertilization – and the recombination of genes that results.  Can use diagrams to build a Punnet square visually as you are teaching Mendelian Genetics.  By including specific trait values you can also get to genotype/phenotype distinctions and allelic relationships (Dominance/recessiveness, Incomplete dominance, Codominance,
3) If you want to get to linkage (including sex linkage) you can follow the same process, just start with 2 alleles on the same chromosome (or on X or Y chromosomes) and follow the process – you can also have crossover by making position on the chromosome count and allowing crossover in metaphase I.

	Assessment
	Venn diagrams summarize the entire activity and can be used to assess students understanding.  The worksheets can also be useful, primarily to diagnose where in the process the Venn diagrams go awry, since if the Venn Diagrams are correct it is likely that the worksheets they were built from are also correct.


	Reflection
	This is your part!

	
	

	
	


Mitosis Meiosis lab instructions:

Use the following instructions to help you complete the mitosis and meiosis portions of the lab.  Also, your text can be used to help you through the processes.

Mitosis:

1. G1: Color code your chromosomes.  Here, just give each member of each homologous pair a different color.  Make sure you do not start with a pair of chromosomes that are the same length and color (we'll get to these in a minute).  For this exercise we will use the following convention:  

a. Same size and same color = Identical chromosomes
b. Same size and different color = homologous chromosomes  -- these contain information about the same traits (for example, both would contain information that would be used to make a flower color), but might have different values (for example, one might code for purple flowers, while the other member of the pair might code for white flowers); 

c. Different lengths are different chromosomes – color does not matter, and these chromosomes don't interact with each other.

2. To get from G1 to G2, you need to copy (replicate) your chromosomes, but leave them attached.  Do this by drawing an X to match each of the lines given in G1.  Each X consists of two chromosomes which are the result of replication, so each X should be only one color.

3. G2 to metaphase.  Remember that your chromosomes are still paired in an X-shape.  Prophase is simply the phase where the chromosomes start moving toward where they will be in metaphase, so you can just draw this phase as "in transition".  Note that the nuclear membrane has dissolved in prophase.  At metaphase, your X-shaped chromosomes will be lined up along the horizontal diameter of the cell.  Order does not matter.

4. Metaphase to Anaphase:  In Anaphase, the replicated chromosomes separate.  Simulate this simply by showing one line of each X moving toward the top of the cell, and one line moving toward the bottom – now you should have 12 lines instead of 6 X's, and each line represents 1 independent daughter chromosome.  In the cell, the 2 replicated – and therefore identical – chromosomes are physically pulled apart, with each chromosome moving to an opposite pole of the cell.

5. Anaphase to telophase – Your lines should continue their movement to the now "bulging" top and bottom of the cell.  Remember to keep only one line from each of your "X's" in each half of the cell—There should not be any lines the same length and same color in the same half of the cell.

6. Telophase to daughter cells:  Simply copy the chromosomes from the top of the telophase cell into one of the daughter cells, and from the bottom of the telophase cell into the other daughter cell.  

Meiosis.

Follow Steps 1 and 2 as in mitosis – then follow the steps below.

Meiosis I

1. G2 to metaphase I:  This time, when the X-shaped replicated chromosomes line up, they will be paired with the same-length, but different color X's.  At metaphase, you should draw in each pair of X's along the horizontal midline of the cell, with one X above the other.  Do not worry about which color goes on top or bottom – this is random in the cell, so you can use any pattern you like.  Again, Prophase I is just an intermediate step.

2. Metaphase I to Anaphase I: Chromosomes will remain in X-shapes, but the one on top starts moving to the top and the one on bottom starts moving to the bottom. 

3. Anaphase 1 to Telophase I:  Just like in Mitosis, this is just moving the chromosomes to the "bulging" ends of the cell.  Remember though that your replicated chromosomes are still connected in the X shapes.

4. Telophase I to daughter cells of meiosis I:  Simply copy the chromosomes from the top of the telophase I cell into one of the meiosis I daughter cells, and from the bottom of the telophase I cell into the other meiosis I daughter cell.  

5. Daughter cells of meiosis I to prophase II:  We'll only follow one of the daughter cells to save some space, but remember that all of this will happen to the other daughter cell as well.  To get to prophase II, simply copy the chromosomes from the daughter cell indicated into the prophase II cell.

Meiosis II

1. Prophase II to daughter cells of meiosis II:  Everything is exactly like going through mitosis from this point on.  Follow the instructions for mitosis, starting with step 3, but of course putting the results of each step in the corresponding cell in meiosis II.  When you finish this, you will know the chromosome compliment of two of the daughter cells of meiosis II.  

2. To get the chromosome compliment of the other two daughter cells of meiosis II, take the second daughter cell of meiosis I through meiosis II, and draw in the resulting chromosomes as indicated on the worksheet.

After you have finished filling out the cell division worksheet, look at the question in the corresponding table and use your worksheet to fill in the information.  This table will summarize the differences between mitosis and meiosis.

Allele tracking worksheet:  All of the instructions here apply, but this time you need to replicate and keep track of the alleles, represented here by the letters attached to the chromosomes, as you proceed through the process.  When you are finished, Fill in the allele tracking comparison sheet.

	Record the following for each process.
	Mitosis
	Meiosis * 

	 Chromosome number in G1 Phase?
	
	

	Is the G1 Phase cell haploid or diploid?
	
	

	# of chromosomes in G2 Phase?
	
	

	# of cell divisions involved in entire process


	
	

	Number of daughter cells* after process completed?
	
	

	Total number of chromosomes in daughter cells*?
	
	

	Number of chromosomes per daughter cell*?
	
	

	How many homologous pairs are in each daughter cell*?
	
	

	Are the daughter cells* haploid or diploid?
	
	

	Are the daughter cells* the same as each other in chromosome number?
	
	

	Are the daughter cells* the same as the parental (G1) cell in chromosome number?
	
	


* for meiosis, "Daughter cells" refers to daughter cells of meiosis II

Define the following terms in your own words:

Homologous chromosome:

Haploid:

Diploid:

Use the information from this table to create a Venn Diagram of the similarities and differences between mitosis and meiosis.
	Record the following for each process
	Mitosis
	Meiosis *

	Number of chromosomes in G1 Phase?
	
	

	Genotype of original G1 cell
	
	

	Is the G1 phase cell haploid or diploid?
	
	

	#  of daughter cells*
	
	

	Chromosomes per daughter cell*
	
	

	Genotype(s) of daughter cells*
	
	

	Do different genotypes result?
	
	

	Could any other daughter cell genotypes* result?  If so, what are they?
	
	

	Go back to your chart and, in each process, replace one of the initial "a" alleles with an "A" allele.  Follow this change throughout the process, then answer the questions below.

	Genotype of "new" G1 phase cell
	
	

	Genotype(s) of daughter cells*
	
	

	Could any other daughter cell* genotypes result?  If so, what are they?
	
	


* for meiosis, "Daughter cells" refers to daughter cells of meiosis II

Define the following terms in your own words:

Allele:

Genotype:

Use the information from this table to create a Venn Diagram of the similarities and differences between mitosis and meiosis.
Phases of Mitosis and Meiosis:

G1 and G2 stand for Growth phases: Cells grow and chromosomes are replicated

Other Phases use latin roots and prefixes:
Phase = stage, or step in a process

Pro- = before  -- Prophase is the 1st step or preparatory step (i.e. before the others).

Meta- =between; In Metaphase the chromosomes collect at the middle (between the extremes) of the cells.  Also the "middle" phase of each process.

Ana- =forward or through; Cell passes through Anaphase to get to the next stage

Telo- = end; the last stage before daughter cells split.

Daughter cells:  The "children" of cells.  The products of either completed process.

Homologous =similar, but not identical.  Homologous chromosomes carry genes for the same traits (e.g. hair color) but may carry different alleles (see below; types of genes) for that trait (e,g, black vs Blond – or brown, red, etc)

Haploid and diploid:  ploid, or ploidy, refers to chromosome number; di-=2, so diploid = 2 copies of each chromosome.  ha- is not a proper prefix as far as I can determine, but refers to ½ of the diploid number, or a single copy of each chromosome.  In less "wordsmith" terms, haploid cells have no homologous chromosomes (since they have only one copy of each chromosome) whereas diploid cells do have them.
Allele:  A general name given to the different types of genes for a given trait.  For example, there is an allele for black hair and an allele for blond hair (and another for brown, red etc).  Your original cell in the chromosome tracking sheet has alleles called a, B, and b.

Genotype: Simply the listing of the alleles of the organism (literally, the type of genes in the cell).  The G1 cell on the allele tracking sheet has the genotype aaBb.  The order in which you list alleles does not matter, (i.e. aaBb = Bbaa), but it is generally easier to keep alleles for the same gene together and always list capitals before lower case letters.
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