Exploration Guide: Human Karyotyping
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Until the 1950s, scientists mistakenly thought humans had 48 chromosomes. Microscopes were powerful enough to see the chromosomes, but the techniques used in preparing them for observation left them in a clump, difficult to distinguish from one another. 

Finally, in 1956, scientists developed a preparation technique that spread the chromosomes apart so that they could be more easily counted. They reported that the number of chromosomes in the human cells (from the lungs) that they studied was 46. After further research on cells from other body parts, and on cells from people of other nationalities, scientists were confident that, except in cases of genetic abnormalities, 46 was the number. 

Identifying Human Chromosomes

In this activity, you will identify the 46 human chromosomes in a normal human cell. This is known as karyotyping the cell. 

1. In the Gizmotm, click Reset (
1. At the bottom of the SIMULATION pane, use the arrows to click through the numbered list of chromosomes. As you progress through them, what changes about their appearance? 

2. How many pairs of chromosomes are shown? 

3. How many chromosomes are shown individually? 

4. Which chromosomes are they? 

5. The X and Y chromosomes are called the sex chromosomes because they determine the gender of the person. How do the X and Y chromosomes compare? 

2. In the early days of studying the human karyotype, it was hard to tell individual chromosomes apart. So, they were classified into seven major groups, A through G. These groups were based on their length and the position of the centromere (the constricted point on the chromosome). The groups were: 

· Group A - chromosome pairs 1 through 3 

· Group B - chromosome pairs 4 and 5 

· Group D - chromosome pairs 13 through 15 

· Group E - chromosome pairs 16 through 18 

· Group F - chromosome pairs 19 and 20 

· Group G - chromosome pairs 21 and 22 

· The sex chromosomes - X and Y 

7. Are the chromosomes in group D longer or shorter than the chromosomes in group A? 

8. Explain. 

9. Examine the X chromosome. If you were to include it in one of the groups above, which would it be? 

10. Why? 

11. What about the Y chromosome? 

1. Eventually, scientists could tell individual chromosomes apart thanks to colored bands that were visible after staining. Those colors are shown in the Gizmo. 

0. Drag one chromosome from subject A down into the area labeled Identify. Use the left and right arrows to compare the chromosome you picked with chromosomes 1 through 22 and also with X and Y. 
1. Which chromosome did you select? 
2. Which group is it in? Drag the chromosome to the appropriate position in the KARYOTYPING pane on the right. 

3. Select another chromosome from sample A and identify it. 
4. Which chromosome is it? Drag it into position in the KARYOTYPING pane. 

5. Identify all of the remaining chromosomes in sample A and drag them to the correct position. When you have completed the arrangement of chromosomes, examine them. 
6. Which sex chromosomes are present? 
7. What is the gender of subject A? (Males have an X and a Y. Females have two X's.) 

8. Before you move on the next step, get a "picture" of the karyotype in the Gizmo. To do so, click COPY SCREEN at the bottom of the Gizmo, open a new word-processing document, and select Paste. 

9. Select Subject B from the dropdown menu and repeat the karyotyping process.
10.  How does the karyotype of subject B compare with that of subject A? 
11. What is the gender of subject B? 

Genetic Abnormalities

In this activity, you will examine several abnormal karyotypes and the characteristics that they cause. 

1. Select Subject C from the dropdown menu. Identify each of the chromosomes and arrange them in the KARYOTYPING pane. When you have identified all of the chromosomes, examine the resulting karyotype. 

1. How does this karyotype differ from the normal human karyotype? 
2. How many total chromosomes does this individual have? 
3. How many sex chromosomes? 

4. You should have found that Subject C has two X chromosomes and one Y chromosome, and a total of 47 chromosomes. This condition is called Klinefelter Syndrome. Click on the DIAGNOSIS tab and read the description. 
5. What are the characteristics of Klinefelter Syndrome? 
6. Would it be possible for an individual to pass Klinefelter Syndrome to his offspring? 
7. Why or why not? 

8. Click COPY SCREEN and paste the image into a word-processing document. Be sure to label it Klinefelter Syndrome. 

2. Select Subject D from the dropdown menu. Identify each of the chromosomes and arrange them as before. Once again, examine the resulting karyotype. 

1. How does this karyotype differ from the normal human karyotype? 
2. How many total chromosomes does this individual have?
3.  How many sex chromosomes? 

4. Would you expect this individual to have the traits of a male of a female? Why? 

5. You should have found that Subject D has only one sex chromosome, an X, and a total of 45 chromosomes. This condition is called Turner's syndrome. Click on the DIAGNOSIS tab and read the description. 
6. What are the characteristics of Turner's Syndrome? 
7. Is it likely that an individual could pass Turner's Syndrome to her offspring? 
8. Why or why not? 

9. Click COPY SCREEN and paste the image into your word-processing document. Label it Turner's Syndrome. 

3. Select Subject E from the dropdown menu. Identify and arrange the chromosomes, then examine the resulting karyotype. 

1. How does this karyotype differ from the normal human karyotype? 
2. How many total chromosomes does this individual have? 

3. You should have found that Subject E has three chromosomes in the 21st position, and a total of 47 chromosomes. This condition is called Down Syndrome. Click on the DIAGNOSIS tab and read the description. 
4. What are the characteristics of Down Syndrome? 

5. Click COPY SCREEN and paste the image into your word-processing document. Label it Down Syndrome. 

