Mitosis and Meiosis Drawing Exercise

The following exercises are designed to illustrate what happens to the chromosomes during each phase of mitosis and meiosis.  Pages 5 and 6 of this exercise contain drawings of cells during different phases of mitosis and meiosis. You will draw chromosomes in each of the circles to represent the chromosomes of a hypothetical organism with a diploid number of 4 (2N = 4).  

Different colors will be used to distinguish among homologous chromosomes.  Use one color (pink for example) to represent the chromosomes that the organism inherited from its mother.  Use another color (blue for example) to represent the chromosomes that it inherited from its father.  Also, draw chromosome #1 twice as long as chromosome #2.

[image: image46.bmp]
It is important that you understand the concept of homologous chromosomes before beginning and you are encouraged to review this concept at this time.

Be sure that each of the items on the list below is incorporated in your drawings.  The instructions request that you draw the chromosomes during each phase and that you draw the spindle fibers for metaphase and anaphase.  Refer to your textbook and notes for diagrams of the chromosomes in each phase.

The last page of this exercise contains drawings of chromosomes that can be cut out and used for practice. It is recommended that you use these to review each of the phases before you draw them. Place the chromosomes on a table in front of you and let the table represent a cell. Let the solid gray chromosome represent the chromosome that was inherited from the father. The striped chromosome will represent the chromosome inherited from the mother. 

The drawing below shows four single-stranded chromosomes (one chromatid per chromosome).
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The drawing below shows four double-stranded chromosomes (two chromatids per chromosome).
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Mitosis Animation

Before you begin this exercise, view the mitosis animation on The Biology Web or click the link below to go directly to the animation. Use this animation to complete the mitosis exercise below. The animation shows chromosome movement and alignment in a hypothetical species with 2N = 4 chromosomes.

Mitosis animation  Press Ctrl-F to view the animation in full screen mode.

G1 Interphase

Interphase is the nondividing phase that occurs before mitosis or meiosis. At this point, the chromosomes are not visible because they are not coiled but you should draw them on your diagram anyway. Draw them as if they were coiled. This will help us understand the DNA content of the cell.

The inner circle in the diagram represents the nucleus of a cell.  Draw 4 chromosomes in this diploid cell: a pink chromosome #1, a blue chromosome #1, a pink chromosome #2 and a blue chromosome #2.

Homologous chromosomes are the same size.  The pink #1 is the same size as the blue #1 and the pink #2 is the same size as the blue #2.  Draw the #1 chromosomes twice as large as the #2 chromosomes.

The chromosomes in G1 are single-stranded.  There should be 4 chromosomes, 4 centromeres, and 4 chromatids.

The homologous chromosomes are not paired or aligned in any pattern.

S 

The S phase of interphase (see diagram below) is a period of DNA synthesis.  The chromosomes become double-stranded with two identical chromatids per chromosome. The number of chromosomes (4) does not change, but each chromosome now has two chromatids instead of one.
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G2 Interphase

The chromosomes are double-stranded.

There are 4 chromosomes, 4 centromeres, and 8 chromatids.

You are drawing the chromosomes as if they were coiled but remember that they are not coiled during interphase.

Mitosis or Meiosis occur after G2 interphase.

Before you begin the next section, go back and check to be sure that your drawings show chromosme #1 being at least twice as long as chromosome #2.

MITOSIS

Prophase

Spindle fibers begin to appear and the nuclear membrane breaks down in prophase.  It is not necessary to draw the spindle fibers for this phase.

The chromosomes begin to coil during prophase, so your diagram will be similar to the one for G2 interphase.  Homologous chromosomes do not become paired during prophase of mitosis.

Metaphase

The chromosomes are aligned in the center of the cell.

Homologous chromosomes are not paired.

The spindle apparatus is formed and fibers are attached to the centromeres.  Draw a spindle fiber from each chromosome extending to each pole (left and right edge) of the cell.

Anaphase

The chromosomes have split so that the cell now has 8 chromosomes, 8 centromeres, and 8 chromatids.

The chromosomes have begun moving apart during this phase.  Draw the spindle fibers extending from each centromere to the pole (left or right edge) of the cell that is closest to the chromosome.

Telophase

The chromosomes have moved apart and the cell is pinching into two.

G1 Interphase

Mitosis ends in G1 interphase.  This is where you started, your diagram should be the same as your initial drawing.

The chromosomes in G1 are single-stranded.  There are 4 chromosomes, 4 chromatids, and 4 centromeres.

Meiosis

Prophase 1

The items listed in Prophase of mitosis apply here. Draw two pairs of chromosomes (four chromosomes) because the diploid number is 4.
Homologous chromosomes are paired.  The pink chromosome #1 is paired with the blue chromosome #1 and the pink chromosome #2 is paired with the blue chromosome #2.  A “long” chromosome should not be paired with a short one, that is, a #1 should not be paired with a #2.  In the cell below, draw the paired chromosomes as shown in the diagram (note that the chromosomes are touching):
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Be sure that you understand what homologous chromosomes are!

Your diagrams should have two pairs of chromosomes. There should be a long pink paired with a long blue and there should be a short pink paired with a short blue. Each chromosome should have two chromatids. Your drawings should have a total of 8 chromatids.
The chromosomes are not aligned in the center of the cell yet.

Although crossing-over occurs during this phase, ignore it on your diagrams.

Metaphase 1

Homologous chromosomes are paired and aligned in the center of the cell.  NOTE: Be sure that you have paired the chromosomes; they should be touching.

There are two possible ways that the chromosomes can be aligned.  Alternative #1: Both pink chromosomes can be on one side of the cell and the blue ones can be on the other.  Alternative #2: One pink and one blue can be on one side of the cell and the other pink and blue on the other side of the cell.

The spindle is formed and spindle fibers are attached to the centromeres.  Draw a spindle fiber from each chromosome extending to the pole (left and right edge) of the cell that is closest to the chromosome.

Each cell should have four chromosomes and each chromosome should have two chromatids.

Anaphase 1

The chromosomes have separated but remain double-stranded.

Homologous chromosomes have begun moving apart.  The pink should be drawn indicating movement toward one side of the cell while the homologous (blue) should be drawn as moving toward the other side.

There are 4 chromosomes, 4 centromeres and 8 chromatids.

Draw the spindle fibers.

Telophase 1

The chromosomes have moved apart.

The rest of meiosis is similar to mitosis.  Check each phase below with the items listed above for mitosis.

Prophase 2

Metaphase 2  

Draw the chromosomes and the spindle fibers for this phase.

Anaphase 2

Draw the chromosomes and the spindle fibers for this phase.

Telophase 2

Haploid daughter cells

Drawings of Chromosome Movement During Mitosis

Name_______________________________________________________________ Class____________________
Name of lab partner(s) (On campus course only)______________________________________________________
Enter none (above) if you worked alone.
	G1 Interphase
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	G2 Interphase
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	Prophase
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	Metaphase
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	Anaphase
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	Telophase
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	G1 Interphase
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Drawings of Chromosome Movement During Meiosis

	Prophase I
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	Alternative 1
	Alternative 2

	Metaphase I
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	Anaphase I
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	Telophase I
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	Prophase 2
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	Metaphase 2
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	Anaphase 2
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	Telophase 2
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	Daughter Cells
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Practice dIAGRAM 

To answer the review questions that follow, it might be helpful to draw a chromosome pair that has aligned (metaphase) during each of the two divisions.  Label one of the chromosomes “A” and the other “a”.
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Review Questions

Write your answers in the space provided near the end of this exercise.  You should complete the drawings before answering these questions.

0.
Before you turn in this exercise, go back and make sure that your drawings on pages 5 and 6 show chromosome #1 to be at least twice as long as chromosome #2.

1.
Before mitosis begins, a human cell contains 46 chromosomes.  How many chromosomes and chromatids does one cell contain during each phase listed below?

prophase

metaphase

anaphase

telophase

G1
G2 

Hint – Look at the mitosis drawings in the document “Mitosis and Meiosis Summary, Drawings, and Photographs.” These drawings are for a cell that has 2N = 8 chromosomes. A human cell has 46 chromosomes. Notice that in prophase, the cell has 8 chromosomes and 16 chromatids. A human cell therefore has 46 chromosomes and 92 chromatids. The drawings of metaphase show 8 chromosomes and 16 chromatids. How many chromosomes and chromatids will a human cell have?

2.
A human primary spermatocyte or primary oocyte has 46 chromosomes before it undergoes meiosis.  How many chromosomes and chromatids are in one cell during each of the phases listed below?

prophase 1

metaphase 1

anaphase 1

telophase 1

interkinesis

prophase 2

metaphase 2

anaphase 2

telophase 2

gametes

3. 
How many chromosomes and chromatids are in each of the following human cells? For help with this question, see the document Help with Questions 3 and 6 in The Biology Web.
primary spermatocyte

secondary spermatocyte

spermatid

sperm 

primary oocyte

secondary oocyte

first polar body

ovum

second polar body

4. 
In a human cell in metaphase 1, how many tetrads (clusters of 4 chromatids) are present?

Hint - How many total chromosomes are in a human cell? If they are all paired, then how many pairs are there? A tetrad is a pair of homologous chromosomes.

5. Refer to the diagram below to answer the following questions.
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a. Which cell is a primary oocyte?

b. Which cell is a secondary oocyte?

c. Which cell is an ovum (egg)?

d. Which cell will be penetrated by a sperm during fertilization? [Hint – The answer is not D.]

e. Which cells are polar bodies?

6.
A woman has a gene for blond hair color on one chromosome and a gene for brown hair on the homologous chromosome. For help with this question, see the document Help with Questions 3 and 6 in The Biology Web.
a.
What percentage of her body cells will contain the gene for blond hair? 

Hint – All body cells are descended from a single cell – a fertilized egg. What kind of cell division produces all of the body cells? Does this kind of cell division produce identical daughter cells? Therefore do all body cell contain all of the genes?

b.
What percentage of her primary oocytes will contain the gene for blond hair?

Hint - Primary oocytes are body cells that have not undergone meiosis yet. Each chromosome has two chromatids.

c. 
If cell A (above) was in prophase I, how many genes for blond hair would be in the cell?

Hint - How many chromatids are there per chromosome?

d. 
If cell “C” contains a gene for blond hair, what gene does cell B contain?

Hint - Draw a cell with the two homologous chromosomes paired during metaphase I. On your drawing, indicate which chromosome has the gene for blond hair (it could be either one). Indicate which chromosome has the gene for brown hair. Next, draw the two chromosomes in anaphase I.

e. 
If cell “D” contains the gene for blond hair, what gene does cell “E” contain?

Hint – It may be helpful to use the practice diagram to draw the chromosomes. In the first circle (primary oocyte) draw the two chromosomes paired during metaphase I and label each blond or brown according to the gene it contains. In the two circles underneath the primary oocyte, draw the chromosomes and label them. These two cells are each haploid. Next, draw the chromosomes in the four cells at the bottom of the diagram and label them. 

f.
If cell “D” contains the gene for blond hair, what gene does cell “F” contain?

Answer sHEET for Review Questions on Human Cells
1.

	Phase
	Number of chromosomes (human)
	Number of chromatids

(human)

	Prophase
	
	

	Metaphase
	
	

	Anaphase
	
	

	Telophase (State the number in the entire cell.)
	
	

	G1 (State the number in one cell.)
	
	

	G2 (State the number in one cell.)
	
	


2.

	Phase
	Number of chromosomes (human)
	Number of chromatids
(human)

	Prophase 1
	
	

	Metaphase 1
	
	

	Anaphase 1
	
	

	Telophase 1 (State the number in the entire cell.)
	
	

	Interkinesis (State the number in one cell.)
	
	

	Prophase 2
	
	

	Metaphase 2
	
	

	Anaphase 2
	
	

	Telophase 2 (State the number in the entire cell.)
	
	

	Gametes (State the number in one cell.)
	
	


3.

	Phase
	Number of chromosomes in one cell (human)
	Number of chromatids in one cell (human)

	Primary spermatocyte
	
	

	Secondary spermatocyte
	
	

	Spermatid
	
	

	Sperm
	
	

	Primary oocyte
	
	

	Secondary oocyte
(not counting the sperm)
	
	

	Polar body produced after
the first meiotic division
	
	

	Ovum
(not counting the sperm)
	
	

	Polar body produced after
the second meiotic division
	
	


4.
_________

5. 
a.
_________

b. _________

c. _________

d. _________

e. _________

6.
a
_________

b. _________

c. _________

d. _________

e. _________

f. _________

7. Go back to your drawings to check chromosome length. If one pair of chromosomes is not twice as long as the other, you will lose a significant number of points.
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