AP Biology Lab #7 – Genetics of Organisms

Overview:

In this lab you will use computer software simulate genetic crosses between fruit flies.  Using the software, you will learn how to distinguish between male and female fruit flies as well as how to identify wild-type and mutant fruit flies.  You will then simulate three different genetic crosses and analyze the results to determine the mode of inheritance (monohybrid, dihybrid or sex-linked).

Objectives:
Before doing this lab you should understand:

· chi-square analysis of data, and
· the life cycle of Drosophila
After doing this lab you should be able to:

· investigate the independent assortment of two genes and determine whether the two genes are autosomal or sex-linked using a multigeneration experiment, and

· analyze the data from your genetic crosses using chi-square analysis techniques

Part A - Procedure:
1. Begin by reviewing AP Lab #7 in the lab manual pages 78 – 81.  You should be familiar with the Drosophila life cycle, how to sex the flies, and the general procedure used in doing genetic crosses with fruit flies.  You will then simulate the experiment using computer software.

2. Start the computer program and click on the “Tutorials” button in the upper left hand corner.

3. Begin with the tutorial titled “Mendel’s Contribution to the Study of Genetics.
4. Answer the following questions as you read through the tutorial:

a. Explain what is meant by the term, phenotype.

b. Define the following terms:  genotype and true-breeding

c. What is hybridization?
d. What is “blending inheritance”?  Did the results from Mendel’s experiments support this idea?  Explain.

5. Open the tutorial titled “Genes, Chromosomes, and Inheritance Probability”.  Answer the following questions as you read through the tutorial:
a. What happens to the alleles for a trait during meiosis according to Mendel’s Law of Segregation?

b. Explain Mendel’s Law of Independent Assortment.

c. What are linked genes?

d. State the rule of addition.

6. Open the tutorial titled “ Drosophila melanogaster, the Fruit Fly”.  Answer the following questions as you read through the tutorial:

a. Give 3 reasons why the fruit fly is often used for genetics experiments in the laboratory.

b. What is the fruit fly’s diploid number?

c. How may instar substages occur during the larval stage of the Drosophila life cycle?

d. Describe what takes place during the pupa stage of the fruit fly life cycle.

e. When performing controlled genetic crosses, why is it important to collect all female flies shortly after they hatch?

f. Define the following terms:  morphology, wild-type fly, mutants, mutations, Chi-square test

Part B - Identification of Wild-type Characters and Sex in Drosophila melanogaster  Procedure:
1. Click on the “Lab Investigations” button in the upper right hand corner.
2. You will begin by learning how to sex the flies and how to identify the three mutations used in this simulation.  Click on “Identification of Wild-type Characters and Sex in Drosophila melanogaster”
3. Click on and read through the Objectives, Materials, and Safety.

4. Click on “Begin Activity”.  Following the directions on the screen.

5. Once you feel comfortable with identifying the flies, begin to record your data in the following data table (DO NOT RECORD YOUR DATA ON THE COMPUTER, RECORD BELOW INSTEAD!)

My Results

Identification of Wild-type Characters and Sex in Drosophila melanogaster
	1. Describe male Drosophila characteristics:



	2. Describe female Drosophila characteristics:



	3. Describe wild-type Drosophila characteristics:




6. Click on the white notebook in the upper right hand corner.  Click on the yellow “View Expected Results” button in the lower right corner.  Compare your data to the expected results data.
Part C – Examination of the F1 Hybrids and the F2 Generation – SEPIA EYES x WILD-TYPE
Procedure:

1. Click on the “Lab Investigations” button in the upper left hand corner.  Click on “Examination of the F1 Hybrids and the F2 Generation”.
2. Click on “Begin Activity”.  Follow the directions on the screen until you get to the microscope to view the individual flies.

3. Classify each fly by clicking on the fly and then clicking on the correct button for male/female, eye color, and wing.

4. Continue and do the same for the F2 generation.

5. After you have classified all of the flies, click on the white notebook in the upper right hand corner.  Your data will appear in the data table.  COPY those results into the following data table:

My Results

Sepia Eyes x Wild-type
Examination of the F1 Hybrids and the F2 Generation

F1 Generation Drosophila melanogaster Characters
	Description of Phenotypic Character
	# Males
	# Females
	Total

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


F2 Generation Drosophila melanogaster Characters

	Description of Phenotypic Character
	# Males
	# Females
	Total

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Analysis Questions:

1. Based on your observations of the F2 generation, what type of inheritance pattern do you think you have observed?  (hint: simple dominant/recessive, autosomal/sex-linked, monohybrid/dihybrid).

2. In order to statistically analyze the results of this cross and have something meaningful to compare those results against, you must first formulate a null hypothesis.  A null hypothesis (Ho) assumes that there is no difference between the observed results and the expected results based on your assumption of the type of inheritance pattern you observed.  Restate your guess about the type of inheritance pattern you observed (from the previous question) as a null hypothesis.

3. Based on your null hypothesis and your assumption of the type of inheritance pattern you observed, construct a Punnett square for the Parental generation and the F1 generation:
Parental Cross:




F1 Cross:
4. The Chi-square test can be used to determine whether your observed results from the cross are a good match with your expected results.  Therefore, you first need to determine what the expected results should be.  Using the Punnett squares you constructed, list the ratios for your expected results of the F1 and F2 generations below.

	
	Expected

Genotypic Ratio
	Expected

Phenotypic Ratio

	F1
	
	

	F2
	
	


5. Do the actual results deviate from what was expected?  If so, explain how.

6. Now you will use the Chi-square (Χ2) test to determine if any deviation from the expected F2 results is due to random chance.  Small deviations from the expected results can occur due to chance.  The Chi-square test uses statistics to analyze your observed results for large deviations from the expected results.  If the deviation from the expected result is large, it most likely indicates that the null hypothesis was not a correct explanation for the cross performed.
	Phenotypic

Class
	#Observed

(o)
	#Expected

(e)
	Difference:

o – e
	(o – e)2
	(o – e)2
e

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	     Σ =
	


Χ2 = __________


How many degrees of freedom are there? _________
7. Consult the Chi-square critical value table at the end of this lab.  What is the probability value for this data? ____________

8. Based on this information, will you now accept or reject your null hypothesis?  Explain why.

Part D - Examination of the F1 Hybrids and the F2 Generation – 

WILD-TYPE MALES x WHITE FEMALES

Procedure:
1. Repeat the procedure you followed for Part C for the second vial:  Wild-Type Males x White Females.

2. Record your data in the following data tables:
My Results

Wild-Type Males x White Females
Examination of the F1 Hybrids and the F2 Generation

F1 Generation Drosophila melanogaster Characters
	Description of Phenotypic Character
	# Males
	# Females
	Total

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


F2 Generation Drosophila melanogaster Characters

	Description of Phenotypic Character
	# Males
	# Females
	Total

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Analysis Questions:

1. Based on your observations of the F2 generation, what type of inheritance pattern do you think you have observed?
2. Record your null hypothesis:

3. Based on your null hypothesis and your assumption of the type of inheritance pattern you observed, construct a Punnett square for the Parental generation and the F1 generation:

Parental Cross:




F1 Cross:
4. The Chi-square test can be used to determine whether your observed results from the cross are a good match with your expected results.  Therefore, you first need to determine what the expected results should be.  Using the Punnett squares you constructed, list the ratios for your expected results of the F1 and F2 generations below.

	
	Expected

Genotypic Ratio
	Expected

Phenotypic Ratio

	F1
	
	

	F2
	
	


5. Do the actual results deviate from what was expected?  If so, explain how.

6. Statistically analyze your data using a Chi-square analysis:

	Phenotypic

Class
	#Observed

(o)
	#Expected

(e)
	Difference:

o – e
	(o – e)2
	(o – e)2
e

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	     Σ =
	


Χ2 = __________


How many degrees of freedom are there? _________

7. Consult the Chi-square critical value table at the end of this lab.  What is the probability value for this data? ____________

8. Based on this information, will you now accept or reject your null hypothesis?  Explain why.

Part E - Examination of the F1 Hybrids and the F2 Generation –
VESTIGIAL WINGS/SEPIA EYES x WILD TYPE

Procedure:

1. Repeat the procedure you followed for Part C for the second vial:  White Males x Wild-Type Females.

2. Record your data in the following data tables:
My Results

Vestigial Wings/Sepia Eyes x Wild Type
Examination of the F1 Hybrids and the F2 Generation

F1 Generation Drosophila melanogaster Characters
	Description of Phenotypic Character
	# Males
	# Females
	Total

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


F2 Generation Drosophila melanogaster Characters

	Description of Phenotypic Character
	# Males
	# Females
	Total

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Data Analysis Questions:

3. Based on your observations of the F2 generation, what type of inheritance pattern do you think you have observed?

4. Record your null hypothesis:

5. Based on your null hypothesis and your assumption of the type of inheritance pattern you observed, construct a Punnett square for the Parental generation and the F1 generation:

Parental Cross:




F1 Cross:
6. The Chi-square test can be used to determine whether your observed results from the cross are a good match with your expected results.  Therefore, you first need to determine what the expected results should be.  Using the Punnett squares you constructed, list the ratios for your expected results of the F1 and F2 generations below.

	
	Expected

Genotypic Ratio
	Expected

Phenotypic Ratio

	F1
	
	

	F2
	
	


7. Do the actual results deviate from what was expected?  If so, explain how.

8. Statistically analyze your data using a Chi-square analysis:

	Phenotypic

Class
	#Observed

(o)
	#Expected

(e)
	Difference:

o – e
	(o – e)2
	(o – e)2
e

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	     Σ =
	


Χ2 = __________


How many degrees of freedom are there? _________

9. Consult the Chi-square critical value table at the end of this lab.  What is the probability value for this data? ____________

10. Based on this information, will you now accept or reject your null hypothesis?  Explain why.

Topics for Discussion
1. Why is it necessary for the females of the parental generation to be virgins?

2. Why is it not necessary to isolate virgin females for the F1 cross?

3. Why do the adult flies have to be removed from the vial after identifying and classifying the F1 flies?

4. Complete the “Lab Seven Statistical Analysis Section” in your lab manual pages 85 – 89 and attach to this lab.

CONCLUSION:
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