Gummy Bear Population Genetics
Name:

Introduction

The magnificent and tasty wild gummy bear population is in trouble!  Due to excessive predation associated with Halloween, the gummy bears are near extinction.  The San Diego Zoo has received two breeding pairs of wild gummies, and plans to breed them in captivity in hopes that the offspring can be reintroduced into the wild.  

Vocabulary

· Dominant Allele – a version of a gene that is expressed if there is one or more copies of the allele present and it hides a recessive allele

· Recessive Allele – a version of a gene that is expressed only if there are two copies of the allele present, it is hidden by a dominant allele

· Genotype – the genes in an organism that determine a given trait or set of traits

· Phenotype – the observable expression of a trait 

· Incomplete Dominance – a cross between two organisms with different phenotypes produce offspring with a third phenotype that is a blend of the parental traits

· Punnett Square – a diagram used to predict the possible outcomes of a particular breeding cross

· Predator – an organism that eats anther organism

· Population – a group of interbreeding organisms of the same species
Important Gummy Bear Life History Traits

· Gummy bears come in 5 colors: red, yellow, orange, green, and white.  Gummy bear color is an inherited trait.  It follows the inheritance pattern given below.

· Gummy bears mate for life.  Once a gummy bear has chosen a partner, it won’t breed with any other gummy bears.

· Gummy bears only reproduce once.

· Gummy bears mature quickly, so they can reproduce soon after they are born.

· Gummy bears cannot breed with their siblings.

· Gummy bears have many natural predators.

Gummy Bear Color Inheritance Patterns

· Red: incomplete dominance with yellow to create orange; dominant to green and white. 

· Yellow: incomplete dominance with red to create orange; dominant to green and white.

· Green: recessive to red and yellow; dominant to white

· White: recessive to red, yellow; and green

· A red gummy bear can have the following genotypes: 
cr cr (two red alleles)
cr cg (one red allele and one green allele)
cr cw (one red allele and one white allele).
· A yellow gummy bear can have the following genotypes:

cy cy (two yellow alleles)
cy cg (one yellow allele and one green allele)
cy cw (one yellow allele and one white allele).

· An orange gummy bear can have the following genotype: 
cr cy (one red allele and one yellow allele).

· A green gummy bear can have the following genotypes:

cg cg (two green alleles)
cg cw (one green allele and one white allele).

· A white gummy bear can have the following genotype: 
cw cw (two white alleles).
There are going to be lots of generations and pairs of gummy bears. It may help to fill out the attached chart so that you keep track of everything.
Parent Generation
1. Without looking, choose two gummy bears from the paper bag.  This is your first breeding pair (Parent 1 and Parent 2).  Write the genotypes and phenotypes for this pair.  If there is more than one possible genotype for one or both of your gummy bears, you need to choose what the genotype(s) will be.
Parent 1 Phenotype:

Parent 1 Genotype:

Parent 2 Phenotype:

Parent 2 Genotype:

2. Choose two more gummy bears from the bag.  This is your second breeding pair (Parent 3 and Parent 4).  Write the genotypes and phenotypes for this pair.  If there is more than one possible genotype for one or both of your gummy bears, you need to choose what the genotype(s) will be.

Parent 3 Phenotype:

Parent 3 Genotype:

Parent 4 Phenotype:
Parent 4 Genotype:

Zoo Generation 1 Cross 1
3. Fill in the Punnett square for the possible offspring of the first breeding pair (Parents 1 and 2).

	
	

	
	


4. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

5. Using your answers to Question 4, place 4 gummy bears in a bag.  The colors of the gummy bears that you place in the bag should correspond to the colors and percentages that are possible for this cross.  If it is not possible for you to have an orange gummy bear offspring, there should be no orange gummy bears in your bag!

6. Choose one gummy bear out of the bag.  This is your first offspring from breeding pair 1.  Write the genotypes and phenotypes for this offspring.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be.  However, it has to be a genotype that is possible based on your Punnett square; if you had no green alleles in your Punnett square, your offspring cannot have a green allele.

Zoo Generation 1 Cross 1 Offspring 1 Phenotype:

Zoo Generation 1 Cross 1 Offspring 1 Genotype:

7. Put the gummy bear that represents offspring 1 back into the bag.  After you have replaced the offspring 1 gummy bear (there should be 4 gummy bears in the bag), choose a gummy bear out of the bag.  This is your second offspring from breeding pair 1. Write the genotypes and phenotypes for this offspring.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).
Zoo Generation 1 Cross 1 Offspring 2 Phenotype:

Zoo Generation 1 Cross 1 Offspring 2 Genotype:

8. Put the gummy bear that represents offspring 2 back into the bag.  After you have replaced the offspring 2 gummy bear (there should be 4 gummy bears in the bag), choose a gummy bear out of the bag.  This is your third offspring from breeding pair 1. Write the genotypes and phenotypes for this offspring.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).
Zoo Generation 1 Cross 1 Offspring 3 Phenotype:

Zoo Generation 1 Cross 1 Offspring 3 Genotype:

9. Why did you have to replace the gummy bear that you drew for one offspring before selecting the gummy bear for the next offspring?

Zoo Generation 1 Cross 2
10. Fill in the Punnett square below for the possible offspring of the second breeding pair (Parents 3 and 4).

	
	

	
	


11. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

12. Using your answers to Question 11, place 4 gummy bears in a bag.  The colors of the gummy bears that you place in the bag should correspond to the colors and percentages that are possible for this cross.  If it is not possible for you to have an orange gummy bear offspring, there should be no orange gummy bears in your bag!

13. Choose one gummy bear out of the bag.  This is your first offspring from breeding pair 2.  Write the genotypes and phenotypes for this offspring.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be.  However, it has to be a genotype that is possible based on your Punnett square, if you had no green alleles in your Punnett square, your offspring cannot have a green allele.

Zoo Generation 1 Cross 2 Offspring 1 Phenotype:

Zoo Generation 1 Cross 2 Offspring 1 Genotype:

14. Put the gummy bear that represents offspring 1 back into the bag.  After you have replaced the offspring 1 gummy bear (there should be 4 gummy bears in the bag), choose a gummy bear out of the bag.  This is your second offspring from breeding pair 2. Write the genotypes and phenotypes for this offspring.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Zoo Generation 1 Cross 2 Offspring 2 Phenotype:

Zoo Generation 1 Cross 2 Offspring 2 Genotype:

15. Put the gummy bear that represents offspring 2 back into the bag.  After you have replaced the offspring 2 gummy bear (there should be 4 gummy bears in the bag), choose a gummy bear out of the bag.  This is your third offspring from breeding pair 2. Write the genotypes and phenotypes for this offspring.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Zoo Generation 1 Cross 2 Offspring 3 Phenotype:

Zoo Generation 1 Cross 2 Offspring 3 Genotype:

16. How do the offspring compare to the parents?  Are there colors that appeared or disappeared?

Zoo Generation 2
17. Mate Zoo Generation 1 Cross 1 Offspring 1 with Zoo Generation 1 Cross 2 Offspring 1.  This will be called Zoo Generation 2 Cross 1.  Fill in the Punnett square below for this cross.

	
	

	
	


18. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

19. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Zoo Generation 2 Cross 1.  Make sure to replace all 4 gummy bears after you choose Offspring 1 and before you choose Offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that was possible based on your Punnett square).

Zoo Generation 2 Cross 1 Offspring 1 Phenotype:

Zoo Generation 2 Cross 1 Offspring 1 Genotype:

Zoo Generation 2 Cross 1 Offspring 2 Phenotype:

Zoo Generation 2 Cross 1 Offspring 2 Genotype:

20. Mate Zoo Generation 1 Cross 1 Offspring 2 with Zoo Generation 1 Cross 2 Offspring 2.  This will be called Zoo Generation 2 Cross 2.  Fill in the Punnett square below for this cross.

	
	

	
	


21. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

22. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Zoo Generation 2 Cross 2.  Make sure to replace the gummy bear between choosing offspring 1 and offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Zoo Generation 2 Cross 2 Offspring 1 Phenotype:

Zoo Generation 2 Cross 2 Offspring 1 Genotype:

Zoo Generation 2 Cross 2 Offspring 2 Phenotype:

Zoo Generation 2 Cross 2 Offspring 2 Genotype:

23. Mate Zoo Generation 1 Cross 1 Offspring 3 with Zoo Generation 1 Cross 2 Offspring 3.  This will be called Zoo Generation 2 Cross 3.  Fill in the Punnett square below for this cross.

	
	

	
	


24. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

25. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Zoo Generation 2 Cross 3.  Make sure to replace the gummy bear between offspring 1 and offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Zoo Generation 2 Cross 3 Offspring 1 Phenotype:

Zoo Generation 2 Cross 3 Offspring 1 Genotype:

Zoo Generation 2 Cross 3 Offspring 2 Phenotype:

Zoo Generation 2 Cross 3 Offspring 2 Genotype:

26. How do the colors of Zoo Generation 2 compare to those of Zoo Generation 1 and of the parent generation?  Did colors appear, disappear, or change frequency? 

Wild Generation 1
27. The second zoo generation (the 6 offspring that you made in the last section) are released into the wild.  You release the gummy bears into the forest.  The red gummy bears are not well camouflaged, so they all get eaten.  This means that any red gummy bears you had will not reproduce!
28. Mate Zoo Generation 2 Cross 1 Offspring 1 with Zoo Generation 2 Cross 2 Offspring 2.  This will be called Wild Generation 1 Cross 1.  Fill in the Punnett square below for this cross.  If either of these parents was red, you will have no data for this cross.
	
	

	
	


29. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

30. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Wild Generation 1 Cross 1.  Make sure to replace offspring 1 before choosing offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Wild Generation 1 Cross 1 Offspring 1 Phenotype:

Wild Generation 1 Cross 1 Offspring 1 Genotype:

Wild Generation 1 Cross 1 Offspring 2 Phenotype:

Wild Generation 1 Cross 1 Offspring 2 Genotype: 
31. Mate Zoo Generation 2 Cross 2 Offspring 1 with Zoo Generation 2 Cross 3 Offspring 2.  This will be called Wild Generation 1 Cross 2.  Fill in the Punnett square below for this cross.  If either of these parents was red, you will have no data for this cross.
	
	

	
	


32. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

33. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Wild Generation 1 Cross 2.  Make sure to replace offspring 1 before choosing offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Wild Generation 1 Cross 2 Offspring 1 Phenotype:

Wild Generation 1 Cross 2 Offspring 1 Genotype:

Wild Generation 1 Cross 2 Offspring 2 Phenotype:

Wild Generation 1 Cross 2 Offspring 2 Genotype:

34. Mate Zoo Generation 2 Cross 3 Offspring 1 with Zoo Generation 2 Cross 1 Offspring 2.  This will be called Wild Generation 1 Cross 3.  Fill in the punnett square below for this cross.  If either of these parents was red, you will have no data for this cross.
	
	

	
	


35. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

36. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Wild Generation 1 Cross 3.  Make sure to replace offspring 1 before choosing offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Wild Generation 1 Cross 3 Offspring 1 Phenotype:

Wild Generation 1 Cross 3 Offspring 1 Genotype:

Wild Generation 1 Cross 3 Offspring 2 Phenotype:

Wild Generation 1 Cross 3 Offspring 2 Genotype:

37. How do the colors of Wild Generation 1 compare to those of the previous generations?  Did colors appear, disappear, or change frequency? 

Wild Generation 2 (The last one, I promise!)
38. Mate Wild Generation 1 Cross 1 Offspring 1 with Wild Generation 1 Cross 2 Offspring 2.  This will be called Wild Generation 2 Cross 1.  Fill in the Punnett square below for this cross.  If either of these parents was red, you will have no data for this cross.

	
	

	
	


39. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

40. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Wild Generation 2 Cross 1.  Make sure to replace offspring 1 before choosing offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Wild Generation 2 Cross 1 Offspring 1 Phenotype:

Wild Generation 2 Cross 1 Offspring 1 Genotype:

Wild Generation 2 Cross 1 Offspring 2 Phenotype:

Wild Generation 2 Cross 1 Offspring 2 Genotype: 

41. Mate Wild Generation 1 Cross 2 Offspring 1 with Wild Generation 1 Cross 3 Offspring 2.  This will be called Wild Generation 2 Cross 2.  Fill in the Punnett square below for this cross.  If either of these parents was red, you will have no data for this cross.

	
	

	
	


42. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

43. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Wild Generation 2 Cross 2.  Make sure to replace offspring 1 before choosing offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Wild Generation 2 Cross 2 Offspring 1 Phenotype:

Wild Generation 2 Cross 2 Offspring 1 Genotype:

Wild Generation 2 Cross 2 Offspring 2 Phenotype:

Wild Generation 2 Cross 2 Offspring 2 Genotype:

44. Mate Wild Generation 1 Cross 3 Offspring 1 with Wild Generation 1 Cross 1 Offspring 2.  This will be called Wild Generation 2 Cross 3.  Fill in the Punnett square below for this cross.  If either of these parents was red, you will have no data for this cross.

	
	

	
	


45. Write the possible colors of the offspring and the percent of offspring that you would expect of each color.

46. Follow the same procedure that you used before to determine the genotype and phenotype of the two offspring that result from Wild Generation 2 Cross 3.  Make sure to replace offspring 1 before choosing offspring 2.  If there is more than one possible genotype for the gummy bear, you need to choose what the genotype will be (but it has to be one that is possible based on your Punnett square).

Wild Generation 2 Cross 3 Offspring 1 Phenotype:

Wild Generation 2 Cross 3 Offspring 1 Genotype:

Wild Generation 2 Cross 3 Offspring 2 Phenotype:

Wild Generation 2 Cross 3 Offspring 2 Genotype:

47. How do the colors of Wild Generation 2 compare to those of the previous generations?  Did colors appear, disappear, or change frequency? 

Thought Questions

48. What was the effect of removing all of the red individuals from the Zoo Generation 2 population before they reproduced?
49. If the white gummy bears had died off instead of the red ones, do you think that the effect would have been the same?  Why or why not?

50. If the zoo collected gummy bears from your Wild Generation 2, how would they be different from the original parent generation that the zoo collected?

51. How is it different to think about genetics of a population instead of with two individuals?

52. Use the ideas in this lab to come up with some ways that genetics and changes in environments relate to evolution.

