Name ___________________________________________________________________ Course and Section___________________
Lab Partner(s)________________________________________________________________________________________________

Enter “none” on the line above if you worked alone.

Important- This exercise requires you to draw chromosomes and answer questions. The answers to the questions will be submitted online.

Laboratory Exercise – NOndisjunction

Introduction

Sex Chromosomes

Normally, females have two X chromosomes and males have one X and one Y chromosome.

Humans have 23 pairs (46 total) of chromosomes. The X and Y chromosomes are sex chromosomes.  The other 44 chromosomes are called autosomes.

The presence of a Y chromosome determines sex.

The cross below shows that females produce secondary oocytes that have one X chromosome. Half of the sperm produced by males have an X chromosome and the other half have a Y chromosome.

XX x XY


This analysis shows that half of the offspring are expected to be male, half are expected to be female.

Nondisjunction

Nondisjunction occurs when chromosomes fail to "disjoin" during meiosis or mitosis. 

Monosomy and Trisomy

Monosomy refers to a condition in which there is one chromosome is missing. It is abbreviated 2N - 1. For example, monosomy X is a condition in which cells have only one X chromosome.

A trisomy has one extra chromosome and is abbreviated 2N + 1. Trisomy 21 is an example of a trisomy in which cells have an extra chromosome 21.

Monosomies and trisomies usually result from nondisjunction during meiosis but can also occur in mitosis. They are more common in meiosis 1 than meiosis 2.

They are generally lethal except monosomy X (female with one X chromosome) and trisomy 21 (Down’s Syndrome).

Affected indivisuals have a distinctive set of physical and mental characteristics called a syndrome. For example, trisomy 21 is Down syndrome.

Some common chromosomal abnormalities are listed below.

	Abnormality
	Karyotype

	Down Syndrome
	Trisomy 21

	Turner Syndrome
	X

	Triple-X Syndrome
	XXX

	Klinefelter Syndrome   
	XXY

	Jacob Syndrome
	XYY
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Simulation of Normal Mitosis - Chromosome 21

Draw two chromosomes 21 in the prophase cell at the right. These two chromosomes are homologous, so they should be the same length. Each chromosome should have two chromatids.
Draw their alignment during metaphase.

Separate the chromatids in your drawing of anaphase.

During anaphase, the cell begins to pinch into two and this process continues through telophase until two daughter cells are produced. 
Draw the chromosome arrangement during telophase.

1) Normal human cells have a total of 46 chromosomes. State the total number of chromosomes in cell A (lower left cell) __46____ (The answer to this one is given to you.)    
2) State the total number of chromosomes in cell B (lower right cell) _____ [Hint: Mitosis produces daughter cells that have the same number of chromosomes as the parent cells.]

3) Count the number of chromosomes 21 in cell A (left) _____ (Hint: Normal cells are diploid, therefore have 2 chromosomes 21.)

4) Count the number of chromosomes 21 in cell B (right) _____  
	Prophase

[image: image1.png]



Metaphase
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Anaphase
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Telophase
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G1 Interphase

[image: image5.png]
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Simulation of Nondisjunction During Mitosis - Chromosome 21

Draw chromosomes 21 during prophase and metaphase as you did for normal mitosis above. 

During anaphase, the chromatids of one of the chromosomes do not separate; they both move to one side of the cell. The two chromatids of the other chromosome do separate normally. Although you could draw the nondisjoined chromosome  moving in either direction (left or right), you draw it moving toward the left. This will make your answers to the questions below consistent with the grading key. Your anaphase drawing should show a cell that has two chromosomes on the left side of the cell. One of these chromosomes should have two chromatids and the other should have only one chromatid. The right side of the cell should contain a single chromosome with one chromatid. 

During telophase, the chromosome that failed to disjoin earlier has split. It is now two separate chromosomes. There should be three chromosomes on one side of the cell and one chromosome on the other side. All chromosomes should have one chromatid.
Complete the drawings of telophase
5) Total number of chromosomes in cell A (bottom left cell) ________ (Hint: Normal cells have 46 chromosomes.)

6) Total number of chromosomes in cell B (bottom right cell) _____ 

7) Number of chromosomes 21 in cell A (left) _____ (Hint: Normal cells are diploid, therefore have 2 chromosomes 21.)

8) Number of chromosomes 21 in cell B (right) _____

How many chromosome 21s are in each of the two daughter cells that result from this nondisjunction? The cell with only one chromosome 21 will not survive. The other cell may survive and continue to divide. 

The process that you have just modeled shows how Down syndrome cells can arise as a normal fertilized egg grows and divides by mitosis.
	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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Simulation of Normal Meiosis (Oogenesis or Spermatogenesis) - Chromosome 21

This model simulating begins with two chromosomes 21 during prophase I. Draw only chromosome 21; do not draw additional pairs of chromosomes.
Both chromosomes should be paired together during prophase I and metaphase I.

Draw the remaining phases in the spaces at the right.
9) Total number of chromosomes in cell A (bottom left) __23____  (This one has been answered for you. Normal gametes have 23)   
10) Cell B _____     11) Cell C _____     12) Cell D _____
State the number of chromosomes 21 in the daughter cells below.

13) Cell A _____ 
14) Cell B _____     
15) Cell C _____     
16) Cell D _____


	Prophase I
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Chromosomes should be paired (touching).

Metaphase I
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Anaphase I
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Telophase I
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Prophase II

[image: image15.png]




 INCLUDEPICTURE "C:\\Users\\MG\\AppData\\Local\\Temp\\FrontPageTempDir\\human.5.gif" \* MERGEFORMAT [image: image16.png]



Metaphase II
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Anaphase II
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Telophase II
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Haploid Daughter cells
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Simulation of Nondisjunction During Meiosis I - Chromosome 21

Draw chromosomes 21 during each of the phases of meiosis shown at the right. Show a nondisjunction of the chromosomes during meiosis I. Draw only chromosome 21; do not draw additional pairs of chromosomes.
Both chromosomes should be paired together during prophase I and metaphase I.

Although you could draw the chromosome pair moving in either direction (left or right) in anaphase I, you should draw it moving toward the left. This will make your answers to the questions below consistent the grading key.

Indicate the number of chromosomes in each daughter cell  below. 

17) Total number of chromosomes in cell A (on left) ________ (Hint: Normal gametes have 23 chromosomes. Nondisjunction may produce gametes with 22 or 24 chromosomes.)    18) Cell B _____     19) Cell C _____     20) Cell D _____ (right). 

State the number of chromosomes 21 in the daughter cells below. (Normal cells have 1).
21) Cell A _____ 

22) Cell B _____     

23) Cell C _____     

24) Cell D _____


	Prophase I
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Metaphase I
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Anaphase I
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Telophase I
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Prophase II

E[image: image31.png]
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Metaphase II
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Anaphase II
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Telophase II
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Haploid Daughter cells
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Simulation of Nondisjunction During Meiosis II - Chromosome 21

Draw chromosomes 21 during each of the phases of meiosis shown at the right. Show a nondisjunction of one of the chromosomes during meiosis II. The other chromosome 21 is normal; it does not undergo nondisjunction. Draw only chromosome 21; do not draw additional pairs of chromosomes.
Both chromosomes should be paired together during prophase I and metaphase I.

Although you could draw the nondisjoined chromosome moving in either direction (left or right) in anaphase II, you should draw it moving toward the left. This will make your answers to the questions below consistent the grading key.

25) Total number of chromosomes in cell A (on left) ________     26) Cell B _____     27) Cell C _____     28) Cell D _____ (right). (Hint: Normal gametes have 23 chromosomes. Nondisjunction may produce gametes with 22 or 24 chromosomes.)

29) Number of chromosomes 21 in cell A (left) _____     30) Cell B _____     31) Cell C _____     32) Cell D _____

33) Suppose that a man produces normal sperm as shown on page 4 and a woman undergoes nondisjunction of chromosome 21 during meiosis 1 as shown on page 5. Select all of the possible kinds of offspring that can be produced by this couple. Circle all that apply:

Monosomy 21       Normal      Trisomy 21
34) Suppose that a woman produces normal secondary oocytes and eggs as shown on page 4 and a man undergoes nondisjunction of chromosome 21 during meiosis 2 as shown on this page. Select all of the possible kinds of offspring that can be produced by this couple. Circle all th apply:

Monosomy 21       Normal      Trisomy 21

	Prophase I
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Metaphase I
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Anaphase I
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Telophase 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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Haploid Daughter cells
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Simulation of Normal Oogenesis
Draw the X chromosomes during each of the phases of meiosis shown at the right. Draw only the X chromosomes; do not draw additional pairs of chromosomes.

Both chromosomes should be paired together (touching) during prophase I and metaphase I. _____
35) Total number of chromosomes in cell A (on left) ________     36) Cell B _____     37) Cell C _____     38) Cell D _____

39) Number of X chromosomes in cell A (left) _____     
40) Cell B _____     41) Cell C _____     42) Cell D _____
	Prophase I
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Metaphase I
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Anaphase I
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Telophase 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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Haploid Daughter cells
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Simulation of Oogenesis with Nondisjunction of the X Chromosomes During Meiosis I

Draw the X chromosomes during each of the phases of meiosis shown at the right. Show a nondisjunction of the X chromosomes during meiosis I. Draw only the X chromosomes; do not draw additional pairs of chromosomes.

Both chromosomes should be paired together during prophase I and metaphase I.
Although you could draw the chromosome pair moving in either direction (left or right) in anaphase I, you should draw it moving toward the left. This will make your answers to the questions below consistent the grading key.

43) Total number of chromosomes in cell A (on left) ________     44) Cell B _____    45) Cell C _____     46) Cell D _____ (Hint: Normal gametes have 23 chromosomes. Nondisjunction may produce gametes with 22 or 24 chromosomes.)

47) Number of X chromosomes in cell A (left) _____     
48) Cell B _____     49) Cell C _____     50) Cell D _____
	Prophase I
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Metaphase I
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Anaphase I
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Telophase 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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Haploid Daughter cells
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Simulation of Oogenesis with Nondisjunction of the X Chromosome During Meiosis II

Draw the X chromosomes during each of the phases of meiosis shown at the right. Show a nondisjunction of one of the X chromosomes during meiosis II. The other X chromosome is normal; it does not undergo nondisjunction. Draw only the X chromosomes; do not draw additional pairs of chromosomes.

Although you could draw the nondisjoined chromosome moving in either direction (left or right) in anaphase II, you should draw it moving toward the left. This will make your answers to the questions below consistent the grading key.

Both chromosomes should be paired together during prophase I and metaphase I. _____
51) Total number of chromosomes in cell A (on left) ________     52) Cell B _____     53) Cell C _____     54) Cell D _____

55) Number of X chromosomes in cell A (left) _____     
56) Cell B _____     57) Cell C _____     58) Cell D _____
	Prophase I
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Metaphase I
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Anaphase I
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Telophase 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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Haploid Daughter cells
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Simulation of Normal Spermatogenesis

Draw the X and Y chromosomes during each of the phases of meiosis shown at the right. Draw only the X and Y chromosomes; do not draw additional pairs of chromosomes. Draw the Y chromosome on the left and the X chromosome on the right in metaphase I.
Both chromosomes should be paired together during prophase I and metaphase I.
Double-check your drawings above to be sure that the X chromosome is longer than the Y chromosome.

59) Total number of chromosomes in cell A (on left) ________     60) Cell B _____     61) Cell C _____     62) Cell D _____

State the number and type of sex chromosomes (X or Y) in each of the cells below. Before you answer the questions below, be sure that you have placed the Y chromosome on the left and the X chromosome on the right in the Metaphase I.

Cell A:  63) _____X and 64) _____Y     
Cell B:  65) _____X and 66) _____Y     
Cell C:  67) _____X and 68) _____Y     
Cell D:  69) _____X and 70) _____Y
	Prophase I
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Metaphase I
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Anaphase I
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Telophase 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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Haploid Daughter cells
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Simulation of Spermatogenesis with Nondisjunction of the Sex Chromosomes During Meiosis I

Draw the X and Y chromosomes during each of the phases of meiosis shown at the right. Show a nondisjunction of the sex chromosomes during meiosis I. Draw only the X and Y chromosomes; do not draw additional pairs of chromosomes. Draw the Y chromosome on the left and the X chromosome on the right. Show the nondisjoined pair moving toward the left during anaphase I.
Both chromosomes should be paired together during prophase I and metaphase I. _____
Double-check your drawings above to be sure that the X chromosome is longer than the Y chromosome.

71) Total number of chromosomes in cell A (on left) ________     72) Cell B _____     73) Cell C _____     74) Cell D _____

State the number and type of sex chromosomes (X or Y) in each of the cells below.

Cell A:  75) _____X and 76) _____Y     

Cell B:  77) _____X and 78) _____Y     

Cell C:  79) _____X and 80) _____Y     

Cell D:  81) _____X and 82) _____Y
	Prophase I
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Metaphase I
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Anaphase I
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Telophase 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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Haploid Daughter cells
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Simulation of Spermatogenesis with Nondisjunction of the Y Chromosome During Meiosis II

Draw the X and Y chromosomes during each of the phases of meiosis shown at the right. Show a nondisjunction of the Y chromosome during meiosis II. Draw only the X and Y chromosomes; do not draw additional pairs of chromosomes. Draw the Y chromosome on the left during the first division.
Draw the nondisjoined chromosome moving toward the left side during the second division.

Both chromosomes should be paired together during prophase I and metaphase I.

Double-check your drawings above to be sure that the X chromosome is longer than the Y chromosome.

83) Total number of chromosomes in cell A (on left) ________     84) Cell B _____     85) Cell C _____     86) Cell D _____

State the number and type of sex chromosomes (X or Y) in each of the cells below.

cell A:  87) _____X and 88) _____Y     

Cell B:  89) _____X and 90) _____Y     

Cell C:  91) _____X and 92) _____Y     

Cell D:  93) _____X and 94) _____Y
	Prophase I
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Metaphase I
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Anaphase I
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Telophase 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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Haploid Daughter cells
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Simulation of Spermatogenesis with Nondisjunction of the X Chromosome During Meiosis II

Draw the X and Y chromosomes during each of the phases of meiosis shown at the right. Show a nondisjunction of the X chromosome during meiosis II. Draw only the X and Y chromosomes; do not draw additional pairs of chromosomes. 
Both chromosomes should be paired together during prophase I and metaphase I.
During Metaphase I, the X and Y chromosomes are paired. Draw the Y chromosome on the left so that your drawings will be consistent with the grading key.
Your drawing of Anaphase II should show nondisjunction in the cell on the right (the one with the X chromosome). The nondisjunction should move the entire chromosome to the left side of that cell.
Indicate the number of chromosomes in each daughter cell  below. 

95) Total number of chromosomes in cell A (on left) ________     96) Cell B _____     97) Cell C _____     98) Cell D _____

Double-check your drawings above to be sure that the X chromosome is longer than the Y chromosome. _____

State the number and type of sex chromosomes (X or Y) in each of the cells below.

Cell A:   99)  _____X and 100) _____Y     

Cell B:    101) _____X and 102) _____Y     

Cell C:    103) _____X and 104) _____Y     

Cell D:    105) _____X and 106) _____Y
	Prophase I
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Metaphase I
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Anaphase I
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Telophase I

[image: image158.png]



Prophase II

[image: image159.png]




 INCLUDEPICTURE "C:\\Users\\MG\\AppData\\Local\\Temp\\FrontPageTempDir\\human.5.gif" \* MERGEFORMAT [image: image160.png]



Metaphase II
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Anaphase II
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Telophase II

[image: image165.png]




 INCLUDEPICTURE "C:\\Users\\MG\\AppData\\Local\\Temp\\FrontPageTempDir\\human.6.gif" \* MERGEFORMAT [image: image166.png]



Haploid Daughter cells
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Some Genetic Crosses Involving Nondisjunction
Use the information above to answer the questions below.

107. Suppose that nondisjunction occurs in the sex chromosomes of a male during meiosis I. What kinds of offspring can be produced if these sperm fertilize normal secondary oocytes. To answer this question, create a Punnett square that lists sperm (from page 11) on one side and oocytes (or eggs) (from page 7) on the other. Select all of the possible kinds of offspring produced from the list below. Circle your answers.

Normal female (46, XX)
Normal male  (46, XY) 
Down’s syndrome (trisomy 21)
Turner’s syndrome (X)
Triple-X syndrome (XXX)
Klinefelter’s syndrome (XXY)
Jacob’s syndrome (XYY)
Monosomy Y

108. Suppose that nondisjunction of the X chromosome occurs in a male during meiosis II (page 13). What kinds of offspring can be produced if these sperm fertilize normal secondary oocytes (page 7). Select all of the possible kinds of offspring produced from the list below.

Normal female (46, XX)
Normal male  (46, XY) 
Down’s syndrome (trisomy 21)
Turner’s syndrome (X)
Triple-X syndrome (XXX)
Klinefelter’s syndrome (XXY)
Jacob’s syndrome (XYY)
Monosomy Y
109. Suppose that nondisjunction occurs in the Y chromosome of a male during meiosis II (page 12). What kinds of offspring can be produced if these sperm fertilize normal secondary oocytes (page 7). Select all of the possible kinds of offspring produced from the list below.

Normal female (46, XX)
Normal male  (46, XY) 
Down’s syndrome (trisomy 21)
Turner’s syndrome (X)
Triple-X syndrome (XXX)
Klinefelter’s syndrome (XXY)
Jacob’s syndrome (XYY)
Monosomy Y
110. Suppose that nondisjunction occurs in the X chromosomes of a female during meiosis I (page 8). What kinds of offspring can be produced if these oocyes combine with normal sperm (page 10). Select all of the possible kinds of offspring produced from the list below.

Normal female (46, XX)
Normal male  (46, XY) 
Down’s syndrome (trisomy 21)
Turner’s syndrome (X)
Triple-X syndrome (XXX)
Klinefelter’s syndrome (XXY)
Jacob’s syndrome (XYY)
Monosomy Y
111. Suppose that nondisjunction occurs in the X chromosomes of a female during meiosis II (page 9). What kinds of offspring can be produced if these oocyes combine with normal sperm (page 10). Select all of the possible kinds of offspring produced from the list below.

Normal female (46, XX)
Normal male  (46, XY) 
Down’s syndrome (trisomy 21)
Turner’s syndrome (X)
Triple-X syndrome (XXX)
Klinefelter’s syndrome (XXY)
Jacob’s syndrome (XYY)
Monosomy Y
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