Exploration Guide: Mouse Genetics (One Trait)
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The field of genetics is one of the most rapidly advancing branches of science, and many of its discoveries will have a profound effect on our lives. In the near future, it is very likely scientists will be able to do the following: 

· Replace defective, disease-causing genes in humans with normal genes 

· Use stem cells to grow new organs and repair damaged tissue 

· Modify the genes of embryos to prevent genetic disorders 

· Clone a human 

Think this is science fiction? Consider that geneticists have already created disease-resistant crops through gene manipulation, screened human embryos for genetic disorders like cystic fibrosis, and cloned large mammals like cows and sheep. The profound moral and ethical issues raised by these advances will be a hot topic of debate for many years to come. 

In this Gizmo™, you will be introduced to the basic ideas of genetics. By looking at just one trait, fur color, you will be able to see how genes are passed from parents to offspring. Along the way, you will rediscover the laws of inheritance that Gregor Mendel determined 150 years ago. 

Observing Patterns of Inheritance

In this activity, you will experiment with different combinations of mouse parents to see how fur color is passed to their offspring. 

1. On the Gizmo, drag a black mouse over the Parent 1 label in the purple breeding cage at the top of the tree diagram. Then, drag a second black mouse over the Parent 2 label. These mice will be the parents in your first experiment. 

2. Click Clear, and then drag two white mice to the breeding cage. Click Breed several times to generate litters from the white-fur parents. 

3. What pattern did you observe in the offspring? 

4. Click Clear, and then drag a white mouse and a black mouse into the breeding cage. 

1. With a black-fur and a white-fur parent, what are the possible colors for the offspring?

2.  Write down what you expect the offspring to look like. 

3. Click Breed. What did the offspring look like? 

4. Did this agree with your prediction? 

5. Click Breed several more times to confirm your results. Were any of the offspring different? 

6. In your notes, try to explain your results. 

7. Drag two of the offspring mice into the Holding Cages at the bottom of the Gizmo for use in future experiments. 

5. Experiment with a variety of other parent combinations, using the "Pure" mice at left and the mice in the Holding cages. Try to explain any interesting patterns you find. 

1. What combinations of parents give rise to only white-fur offspring? 

2. What combinations of parents give rise to only black-fur offspring? 

3. Are there any combinations that give rise to both black and white-fur offspring? 

Predicting Genetic Crosses

In this activity, you will learn how genes are passed down from parents to their offspring. 

1. On the Gizmo, turn on Show genotype. In general, every type of gene has two versions, called alleles. In this example, the allele for black fur is F and the allele for white fur is f. The genotype is the combination of alleles that an organism has. The phenotype is what the organism looks like. For example, a mouse with the genotype FF will have the phenotype black fur. Drag a pure black mouse and a pure white mouse into the breeding cage. 

1. Move the cursor over the black mouse. What is the genotype of a pure black mouse? 

2. Move the cursor over the white mouse. What is the genotype of a pure white mouse? 

3. Usually, one allele is called dominant, which means that an organism will always have that trait if the dominant allele is present. The other allele is called recessive, which means that its effects are masked when the dominant allele is present. Click Breed. Which allele do you think is dominant in this case?
4. Which allele is recessive?
5.  Explain your reasoning. 

6. Move the cursor over one of the offspring to view its genotype. What allele did this mouse inherit from its black-fur parent? 
7. What allele did the mouse inherit from its white-fur parent? 
8. What color is the mouse? 

9. An organism that contains two different alleles (such as Ff) is called heterozygous. One that has two of the same alleles (FF or ff) is called homozygous. Are the offspring of this pair heterozygous or homozygous?
10.  What color are the heterozygous mice? 

2. Drag two of the offspring into the Holding Cages and click Clear. Then, drag the two mice from the Holding Cages into the breeding cage. 

1. Move the cursor over the first parent and observe its genotype. What alleles could this parent pass on to its offspring? 

2. Move the cursor over the second parent and observe. What alleles could this parent pass on? 

3. To model the possible allele combinations in the offspring, geneticists use a diagram called a Punnett Square.
4. In the Punnett Square, the possible allele combinations of the offspring are placed in the boxes. For example, the first offspring will inherit an F from Parent 1 and an F from Parent 2. The second will inherit an f from Parent 1 and an F from Parent 2. (Note: By convention, a heterozygous genotype is always written with the capital letter first, like Ff.) Fill in the remainder of your Punnett Square using the same technique. 
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5. Look at the four offspring genotypes in your Punnett Square. According to this, what percentage of the offspring should be white? 
6. What percentage should be black? (Remember that FF andFf are both genotypes for black fur.) 

7. Select Show statistics and click Breed. Keep clicking Breed until you have generated 100 offspring. How do the numbers of black and white offspring compare to your predicted percentages? 

8. When you are finished, drag a heterozygous mouse back into a Holding Cage and click Clear. 

3. Drag a pure white mouse and the heterozygous mouse from the Holding Cage into the breeding cage. 

1. Create a Punnett Square for a heterozygous black parent (Ff) and a homozygous white parent (ff). Based on your Punnett Square, what are the predicted percentages of black and white offspring? 


2. Click Breed until you have generated 100 offspring. How close were your results to the predicted percentages? 

4. Experiment with other combinations. In each case, create a Punnett Square to predict the percentages of black and white offspring before running your experiment. 

	
	

	
	


	
	

	
	


5. You may have noticed that the predicted percentages do not exactly match the results. It is a basic rule of probability that the results do not always match predictions. For example, even though there is a 50% chance of having a boy or a girl, there are lots of families that have several sons and no daughters, or several daughters and no sons. breed a pure white and a heterozygous black mouse until you have 400 offspring. As the sample size increases, do the results get closer to the predicted percentages? 
6. Why do you think this is? 


