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Nasonia genetics: crossing wasps and figuring out mode of inheritance

OBJECTIVES

Section A: Before doing this laboratory you should understand:

    * chi-square analysis of data

    * the life cycle of diploid organisms useful in genetics studies

Section B: After doing this laboratory 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 multi-generation experiment

    * analyze the data from your genetic crosses chi-square analysis techniques
Prediction Sheet

Your team will need to perform a genetic cross to determine the inheritance pattern of the red-eye trait. The newly discovered red-eyed females will need to be crossed with dark-eyed males. First, let’s determine the possible outcomes of this cross. Be sure to describe the results in each case. Use the Punnett squares to assist you.

Important: Remember that, in each scenario, a homozygous red-eyed female is crossed with a homozygous dark-eyed male.
	
	
	

	
	
	

	
	
	


1.  Red is autosomal recessive


D = dark


D = red

Results:

	
	
	

	
	
	

	
	
	


2.  Red is autosomal dominant


R = red


R = dark

Results:

3.  Red is sex-linked recessive

	
	
	

	
	
	

	
	
	



XD = dark


Xd = red

Results:

4.  Red is sex-linked dominant


XR = red

	
	
	

	
	
	

	
	
	



Xr = dark

Results:

5. A control group is important for any scientific experiment. A control group is a group in an experiment that does not receive experimental treatment. In this activity, the control tube will contain several red-eyed females with hosts. What results would you expect from a female whose eggs have not been fertilized by a male? Will the virgin female produce any offspring? Why or why not?

Observation Sheet

Table 1

	
	Experimental Tube

(contained female and male Nasonia)
	Control Tube

(contained virgin

female Nasonia)

	Red-eyed Females
	
	

	Red-eyed Males
	
	

	Dark-eyed Females
	
	

	Dark-eyed Males
	
	

	Totals
	
	


Analysis

1. In the beginning of this activity, you were presented with a scenario. Explain the scenario in your own words.

2. What happened in the control tube containing the virgin red-eyed females? Is this what you expected?

3. Are these F1 results from your experimental tube (containing red-eyed female and dark-eyed male parents) consistent with any of the outcomes on your Prediction Sheet? If so, explain.

4. Based on your answer to question three above, show the genes that you suspect would be present in each parent.

5. How did your observed F1 ratios compare to other student team results? As a class, compare your answers. If there were any discrepancies, how might you explain them?
6. Within your experimental tube, if you were to perform a cross to produce an F2 generation, explain what you would do. What results would you expect? You may want to use the following Punnett square to assist you.
	
	
	

	
	
	

	
	
	


7. How do you know that the genes for eye color could not be located on an autosome?

8. How could a female Nasonia be heterozygous for a trait that is located on the sex chromosome but a male may not be?

Chi-Square Test

The chi-square test is a statistical analysis of data when you have a collection of discrete data that you want to compare to a theoretical expected distribution to see if they differ significantly. This test can be used to determine if deviations from the expected values are due to chance alone, or some other circumstance. It is extremely useful in Mendelian genetics where you suspect a trait is inherited a certain way, because it allows you to compare your observed results to the expected results.

Any statistical analysis begins with something called the null hypothesis. This means that you basically assume your observed results will show a 0% deviation from the expected results or, in other words, there will be no difference between observed and expected. All statistical tests are designed to determine whether or not you have sufficient reason to reject your null hypothesis. Chi-square is a test to see if any deviations from the expected are just due to random chance. Below is the formula for a chi-square test:



Σ (O-E)²

     O = observed number of offspring in a phenotypic category


    X² = 
     E

     E = expected number of offspring in that phenotypic category





     Σ = summation(if working with more than one phenotypic category)

A hypothetical example in Nasonia can be used to demonstrate a chi-square test. Imagine that there are two varieties of wings in Nasonia: either wild wings or vestigial wings. A student crosses a wild-winged hetero-zygous Nasonia with a vestigial-winged homozygous Nasonia and obtains the following results: 50 wild-winged Nasonia and 47 vestigial-winged Nasonia.

Based on the observed data, the student hypothesis that vestigial is recessive to wild. Therefore she assumes that this is a simple case of Tt x tt where T is the dominant wild allele and t is the recessive vestig-ial allele. The expected phenotypic ratio from this genetic cross should be 50:50 with 50% of the offspring as Tt and 50% of the offspring as tt. Let’s see if this data backs up the null hypothesis that there will be no difference between the expected results and the observed results.

The null hypothesis is as follows:

There will be no significant statistical difference between observed and expected if we assume that wild is dominant over vestigial.  

The total number of Nasonia is 97; therefore 50% (or 48.5) are expected to be vestigial and 50% (or 48.5) are expected to be wild. The figure 48.5 should be rounded up to 49.

The chi-square calculation =

                                      (50 – 49)²  +   (47 – 49)²    =   0.02 + 0.081 = 0.102
                                           49                   49

At this point the student needs to compare the value from her calculation to the number on a chi-square chart.






	
	
	
	
	
	
	
	95% Confidence Level
	

	DF
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	v
	p=0.95
	0.90
	0.80
	0.70
	0.50
	0.20
	0.10
	0.05
	0.01
	0.00

	1
	0.004
	0.02
	0.06
	0.15
	0.46
	1.64
	2.71
	3.84
	6.64
	10.83

	2
	0.10
	0.21
	0.45
	0.71
	1.39
	3.22
	4.60
	5.99
	9.21
	13.82

	3
	0.35
	0.58
	1.01
	1.42
	2.37
	4.64
	6.25
	7.82
	11.35
	16.27

	4
	0.71
	1.06
	1.65
	2.20
	3.36
	5.99
	7.78
	9.49
	13.28
	18.47

	5
	1.14
	1.61
	2.34
	3.00
	4.35
	7.29
	9.24
	11.07
	15.09
	20.52

	6
	1.63
	2.20
	3.07
	3.83
	5.35
	8.56
	10.65
	12.59
	16.81
	22.46

	7
	2.71
	2.83
	3.82
	4.67
	6.35
	9.80
	12.02
	14.07
	18.48
	24.32

	8
	2.73
	3.49
	4.59
	5.53
	7.34
	11.03
	13.36
	15.51
	20.09
	26.12

	9
	3.33
	4.17
	5.38
	6.39
	8.34
	12.24
	14.68
	16.92
	21.67
	27.88

	10
	3.94
	4.87
	6.18
	7.27
	9.34
	13.44
	15.99
	18.31
	23.21
	29.59


There are several steps required to find the value you want to use. First, you must determine your degrees of freedom (DF). The number is represented by the number of categories you used minus one. In this scenario, there are two phenotypic categories (wild or vestigial). Therefore the DF is equal to one. If this were a sex-linked cross there would be four classes of results (wild males, wild females and vestigial males, and vestigial females) resulting in three degrees of freedom.

The next step is to find the p value. In the 1 DF row, you need to find the critical value from the probability (p) = 0.05 column. The arrow on the chart is pointing to this column. This 0.05 probability column represents the fact that you choosing a confidence level of 95%. Most statistical analysis use this level confidence, although some may even go as high as 99%, or 0.01 probability. 

If your calculated chi-square value is greater than or equal to the critical value from the table, then the null hypothesis will be rejected. If the calculated value is less than critical value, then the null hypothesis will be accepted. The student’s calculated value from the above example using Nasonia is 0.102, while the critical value from the table is 3.84. Because 0.102 is less than 3.84 the student can accept her null hypothesis with 95% confidence.

1.  Within this activity, you have concluded that red eyes are a sex-linked recessive trait. Now we need to use statistical analysis to confirm our findings. How many phenotypic classes of results are we concerned with? List the phenotypic classes.


Hint: Refer to the chart at the top of the observation sheet.
2. Refer to the scenarios on your prediction sheet and restate the ratios you would expect to see in the F1 generation if this were a sex-linked recessive trait.

3. What is your null hypothesis?

4. We can now perform a chi-square calculation. Let’s gather all of our data.

     a. Total Nasonia in experimental tube:
     b. Observed red-eyed females in experimental tube

     c. Observed red-eyed males in experimental tube:

     d. Observed dark-eyed females in experimental tube:

     e. Observed dark-eyed males in experimental tube:

     f. Expected red-eyed females (in sex-linked scenario):

     g. Expected red-eyed males (in sex-linked scenario):

     h. Expected dark-eyed females (in sex-linked scenario):

     i. Expected dark-eyed males (in sex-linked scenario):

5. a. Now you can easily use these values to determine your chi-square value. Use the formula stated earlier: 

   b. What is the number of degrees of freedom that we are using? Remember that this is a sex-linked scenario.

   c. What is the p value at .05 probability (95% confidence level)?

   d. Is your chi-square calculation greater than or less than this p value?

6. What is your conclusion? Can you accept or reject your null hypothesis?

7. There are some experimental anomalies that we have encountered throughout this activity. For instance, virgin females produced offspring and the F1 ratios did not seem to perfectly fit the sex-linked model. What do you think these results indicate?
