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AGRO 642


Problem Set 1


Fall 2009

1. A population was characterized for the A locus in the following population.  The results follow.


		Genotype

		Number



		A1A1

		320



		A1A2

		470



		A2A2

		250





a. Calculate genotype and allelic frequencies for the population


b. Is the population in H-W equilibrium? 

In the next generation the same population was characterized for the A locus and the results follow.  


		Genotype

		Number



		A1A1

		400



		A1A2

		210



		A2A2

		310





c. Is the population in H-W equilibrium? 

d. If not, what is the most likely cause of disequilibrium? 

2. Calculate inbreeding coefficients (F) for individuals W, X, and Y in the three different mating schemes.  The F value of parents A, B, E, C, and F is zero.  




3. Calculate the mean, average effect and describe the gene action for the following loci.  Assume that the following population are in H-W equilibrium and that the environmental mean = 0.


		Locus

		p

		q

		a

		d

		Mean

		Average effect

		Gene Action



		1

		.5

		.5

		1

		0

		

		

		



		2

		.3

		.7

		3

		3

		

		

		



		3

		.5

		.5

		4

		6

		

		

		



		4

		.8

		.2

		4

		2

		

		

		





Calculate the Breeding Values and Dominance Deviations for each genotype in the population for each locus.  


		Locus

		Estimate of

		A1A1

		A1A2

		A2A2



		1

		Breeding Value

		

		

		



		

		Dominance Deviation

		

		

		



		2

		Breeding Value

		

		

		



		

		Dominance Deviation

		

		

		



		3

		Breeding Value

		

		

		



		

		Dominance Deviation

		

		

		



		4

		Breeding Value

		

		

		



		

		Dominance Deviation

		

		

		





4. Calculate the mean and describe the gene action for the following loci.  Assume that the following populations are NOT in H-W equilibrium and that the environmental mean = 50.


		

		Genotype

		

		

		

		

		



		Locus

		X1X1

		X1X2

		X2X2

		a

		d

		Mean

		Variance

		Gene Action



		1

		115

		200

		75

		4

		0

		

		

		



		2

		45

		68

		67

		3

		1

		

		

		



		3

		75

		128

		115

		2

		2

		

		

		



		4

		125

		65

		30

		3

		4

		

		

		





5. Two different traits are controlled by multiple loci and their allele frequencies and magnitudes are provided in the following table

		

		Trait 1

		

		Trait 2



		Locus

		p

		q

		a

		d

		

		p

		q

		a

		d



		1

		0.75

		0.25

		4

		2

		

		0.5

		0.5

		3

		5



		2

		0.4

		0.6

		2

		1

		

		0.1

		0.9

		1

		0



		3

		0.7

		0.3

		5

		3

		

		0.8

		0.2

		2

		2



		4

		0.5

		0.5

		1

		1

		

		0.6

		0.4

		3

		2



		5

		0.6

		0.4

		5

		5

		

		0.2

		0.8

		1

		1



		6

		0.7

		0.3

		7

		7

		

		1.0

		0.0

		8

		0



		7

		0.5

		0.5

		4

		2

		

		0.7

		0.3

		2

		2



		8

		0.4

		0.6

		2

		1

		

		0.9

		0.1

		6

		3



		9

		0.3

		0.7

		2

		1

		

		

		

		

		



		10

		0.7

		0.3

		12

		6

		

		

		

		

		






For each trait, calculate the following items (assumptions for each are provided)



a. Means (assume the environmental mean for each is zero). 

i. Variance (assume the environmental variance for each is zero)


ii. Additive (σ2a)


iii. Dominance (σ2d)


iv. Genetic  (σ2g)


b. If total phenotypic variation = 25 + genetic variation, estimate:

i. Broad-Sense heritability (H2):


ii. Narrow Sense Heritability (h2):


c. Describe the types of gene action present for these two traits. 

6. Twenty cultivars of cotton were evaluated in a randomized complete block (with four replications) to assess genetic variation for disease resistance.  They were evaluated in a single location and the results of this analysis are provided in the ANOVA table.  


		Source

		DF

		Mean Square



		Rep

		3

		25.38



		Genotype

		19

		76.89



		Error

		57

		13.32





a. Determine which effects, if any, are significant.


b. Calculate the Genotypic Variance


c. Estimate Heritability on a plot and entry-mean basis.


d. What type of heritability estimate is this?  

7. Eighty HS families of corn were evaluated for grain yield to determine the heritability of this trait.  The trial was grown in four environments with four replications/environment. 


		Source

		DF

		Mean Square



		Environment

		3

		150.34



		Rep (Environment) 

		12

		26.47



		Genotype

		79

		170.34



		Genotype * Environment

		237

		66.43



		Error

		948

		42.32





a. Determine which effects, if any, are significant.


b. Calculate the Genotypic Variance


c. Calculate the Additive Variance


d. Estimate Heritability on a plot and entry-mean basis.


e. What type of heritability estimate is this?  


8. Conduct a literature review on the relative importance of mean versus diversity in the improvement of the crop on which you are conducting your research.  In particular, identify how breeding programs utilize wild germplasm.  Is it common?  If it is how do they integrate it?  Are new technologies being used to enhance this process.  Create a bibliography of journal articles addressing the issue.  The review should be approximately 1-2 pages in length.  
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AGRO 642 
Problem Set 1 

Fall 2009 
 

1. A population was characterized for the A locus in the following population.  The results 
follow. 

   
Genotype Number 
A1A1 320 
A1A2 470 
A2A2 250 

 
a. Calculate genotype and allelic frequencies for the population 
b. Is the population in H-W equilibrium?  

 
In the next generation the same population was characterized for the A locus and the 
results follow.   

Genotype Number 
A1A1 400 
A1A2 210 
A2A2 310 

 
c. Is the population in H-W equilibrium?  
d. If not, what is the most likely cause of disequilibrium?  

 
 

  
2. Calculate inbreeding coefficients (F) for individuals W, X, and Y in the three different 

mating schemes.  The F value of parents A, B, E, C, and F is zero.   
 

 
 
 

A B 

D C E F 

G H 

X 

A B 

D C 

G H 

Y 

C E F 

G H 

W 



3. Calculate the mean, average effect and describe the gene action for the following loci.  
Assume that the following population are in H-W equilibrium and that the environmental 
mean = 0. 

 
Locus p q a d Mean Average 

effect 
Gene Action 

1 .5 .5 1 0    
2 .3 .7 3 3    
3 .5 .5 4 6    
4 .8 .2 4 2    

 
Calculate the Breeding Values and Dominance Deviations for each genotype in the 
population for each locus.   

  
Locus Estimate of A1A1 A1A2 A2A2 
1 Breeding 

Value 
   

 Dominance 
Deviation 

   

2 Breeding 
Value 

   

 Dominance 
Deviation 

   

3 Breeding 
Value 

   

 Dominance 
Deviation 

   

4 Breeding 
Value 

   

 Dominance 
Deviation 

   

 
 

4. Calculate the mean and describe the gene action for the following loci.  Assume that the 
following populations are NOT in H-W equilibrium and that the environmental mean = 
50. 

 
 Genotype      
Locus X1X1 X1X2 X2X2 a d Mean Variance Gene Action 
1 115 200 75 4 0    
2 45 68 67 3 1    
3 75 128 115 2 2    
4 125 65 30 3 4    

 
 



5. Two different traits are controlled by multiple loci and their allele frequencies and 
magnitudes are provided in the following table 

 
 Trait 1  Trait 2 
Locus p q a d  p q a d 
1 0.75 0.25 4 2  0.5 0.5 3 5 
2 0.4 0.6 2 1  0.1 0.9 1 0 
3 0.7 0.3 5 3  0.8 0.2 2 2 
4 0.5 0.5 1 1  0.6 0.4 3 2 
5 0.6 0.4 5 5  0.2 0.8 1 1 
6 0.7 0.3 7 7  1.0 0.0 8 0 
7 0.5 0.5 4 2  0.7 0.3 2 2 
8 0.4 0.6 2 1  0.9 0.1 6 3 
9 0.3 0.7 2 1      
10 0.7 0.3 12 6      

 
 For each trait, calculate the following items (assumptions for each are provided)  

a. Means (assume the environmental mean for each is zero).  
b. Variance (assume the environmental variance for each is zero) 

i. Additive (σ2
a) 

ii. Dominance (σ2
d) 

iii. Genetic  (σ2
g) 

c. If total phenotypic variation = 25 + genetic variation, estimate: 
i. Broad-Sense heritability (H2): 

ii. Narrow Sense Heritability (h2): 
d. Describe the types of gene action present for these two traits.  

 
 
 

6. Twenty cultivars of cotton were evaluated in a randomized complete block (with four 
replications) to assess genetic variation for disease resistance.  They were evaluated in a 
single location and the results of this analysis are provided in the ANOVA table.   

 
Source DF Mean Square 
Rep 3 25.38 
Genotype 19 76.89 
Error 57 13.32 

 
a. Determine which effects, if any, are significant. 
b. Calculate the Genotypic Variance 
c. Estimate Heritability on a plot and entry-mean basis. 
d. What type of heritability estimate is this?   



7. Eighty HS families of corn were evaluated for grain yield to determine the heritability of 
this trait.  The trial was grown in four environments with four replications/environment.  

 
 

Source DF Mean Square 
Environment 3 150.34 
Rep (Environment)  12 26.47 
Genotype 79 170.34 
Genotype * 
Environment 

237 66.43 

Error 948 42.32 
 

a. Determine which effects, if any, are significant. 
b. Calculate the Genotypic Variance 
c. Calculate the Additive Variance 
d. Estimate Heritability on a plot and entry-mean basis. 
e. What type of heritability estimate is this?   

 
 

8. Conduct a literature review on the relative importance of mean versus diversity in the 
improvement of the crop on which you are conducting your research.  In particular, 
identify how breeding programs utilize wild germplasm.  Is it common?  If it is how do 
they integrate it?  Are new technologies being used to enhance this process.  Create a 
bibliography of journal articles addressing the issue.  The review should be approximately 
1-2 pages in length.   
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