Test Bank: Chapter Eighteen

Quantitative Genetics

Chapter 18: Quantitative Genetics

Multiple-Choice Questions

1. Which statement is true regarding heritability and continuous variation? 

A)
Heritability measures the degree to which genes determine phenotype. 

B)
The total variance used to calculate heritability measures all of the variance in genotype. 

C)
As the number of gene loci that affect a trait increases, the proportion of extreme versions of the trait also increases. 

D)
A heritability value of 0.8 means that 80 percent of the total variance is due to differences in the environment. 

*
E)
A low heritability score means that genes are less influential than environment in determining phenotypic variation. 


2.
Four polygenic loci each with two alleles affect the quantitative phenotype, internode length, in the plant Mimulus guttatus. If each dominant allele has the same additive effect on internode length, how many different classes of internode length will there be? 

A) 4

B) 8 

* C) 9 

D) 12 

E) 16

3.
Four polygenic loci, each with two alleles affect the quantitative phenotype, internode length, in the plant Mimulus guttatus. The number of different distinct polygene genotypes is 

A) 4.

B) 12. 

C) 16. 

D) 64. 

* E) 81. 

4.
In a nematode population, the total phenotypic variance of length was found to be 32, and environmental variance was 8. What is the broad heritability (H2)? 

A) 0.05 
B) 0.10 
C) 0.20 
D) 0.50 
* E) 0.75 

5.
Two pure lines of plants had mean heights of 26 and 42 cm. The F1 had a mean of 34 cm and a variance of 20. The F2 also had a mean of 34 but a variance of 60. What is the broad heritability (H2)? 

A) 0.13 
B) 0.34 
C) 0.50 
* D) 0.67 
E) 0.80 

6.
A population of beetles has a mean weight of 30g. Individuals of 12g are selected and allowed to interbreed, and their progeny have a mean weight of 21g. What is the narrow heritability (h2)? 

A) 0.18 
B) 0.20 
C) 0.26 
* D) 0.50 
E) 0.80 

7.
A quantitative trait is controlled by four genes, and each dominant allele of these genes contributes equally to the trait. If a tetrahybrid individual (heterozygous for all four genes) is self-fertilized, how many phenotypes can be distinguished among the progeny? (Assume no differences in environmental influences on the trait.) 

A) 3 

B) 4 

C) 5 

* D) 9 

E) 16 

8.
Corn height is a continuous trait. Two different highly inbred varieties of corn are crossed in the hope of producing more vigorous varieties of corn. The parental variance is 1.5 (average of the two parental variances), the F1 variance is 1.78, and the total variance (from the F2) is 3.91. What is the broad heritability (H2) for corn height in this experiment? 

A) 0.41 
B) 0.42 
C) 0.46 
* D) 0.58 
E) 2.47 

9.
Suppose that in dandelions, the texture of the petals is known to be a quantitative trait influenced by several genes. The texture varies from smooth to pock-marked. A cross is made between a pock-marked and a smooth parent (the two extreme categories). Nine phenotypic categories are identifiable among 1000 offspring in the F2 generation. How many genes are likely to be directly involved in determining the variation in texture of dandelion petals? 

A) 3 

* B) 4 

C) 5 

D) 8 

E) 9 

10.
Suppose that you take a normally outcrossing plant from nature, bring it into the lab, and subject it to several generations of selfing. If it originally had 50 percent of its loci heterozygous, what will be the heterozygosity of its offspring after three generations of selfing? 

A) 0.001 
* B) 0.063 
C) 0.125 
D) 0.167 
E) 0.630 

11.
The shade of redness in seeds is determined by polygenes. A plant with medium red seeds is selfed and gives distinct progeny classes that are dark red, red, medium red, light red, and white in decreasing order of redness. The number of heterozygous polygene loci in the original plant was 

*
A) 2. 

B) 3. 

C) 4. 

D) 5. 

E) 6. 


12.
A plant is found to be heterozygous for 16 RFLP loci. If this plant is selfed, then one of its progeny is selfed, and then one of that plant’s progeny is selfed, on average how many heterozygous RFLP loci will individuals have in the next generation (the third generation after the original parent plant)? 

*
A) 2

B) 3 

C) 13 

D) 64 

E) 128 

13.
Narrow heritability (h2) is a quantification of the proportion of total variance due to 
A)
phenotypic variance. 


B)
total genetic variance. 

*
C)
additive genetic variance. 


D)
dominance variance. 

E)
environmental variance. 

14.
Broad heritability (H2) is a quantification of the proportion of total variance due to 

A)
phenotypic variance. 

*
B)
total genetic variance. 


C)
additive genetic variance. 

D)
dominance variance. 

E)
environmental variance. 

15.
In a chicken population, the following measurements refer to fat content
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The narrow heritability (h2) is 

A) 0.24 
* B) 0.41 
C) 0.52 
D) 0.74
E) 0.90 
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16.
A strain of cucumber plants makes cucumbers that are 15.0 cm long and has a genotype a/a ; b/b ; c/c. Assume that the addition of each and any dominant allele (A, B, or C) adds 0.5 cm to the length, up to 18.0 cm. If plants 15.5 cm long are crossed to plants 17.5 cm long, then the longest and shortest cucumbers possible from these crosses would be 

A)
17.5 cm and 15.5 cm. 

B)
17.5 cm and 16.5 cm. 

C)
18.0 cm and 15.0 cm. 

D)
17.0 cm and 15.5 cm. 

*
E)
17.0 cm and 16.0 cm. 


17.
Assume a situation where genes A, B, C, and D have identical and additive effects and are independently inherited. Each dominant allele of these genes contributes 3 cm of height to the organism. In addition, a gene L, always present in the homozygous state, contributes a constant 40 cm of height. Neglecting variation due to environment, an organism which is A/A ; B/B ; C/C ; D/D ; L/L would be 64 cm high, and one which is a/a ; b/b ; c/c ; d/d ; L/L would be 40 cm high.


The following cross is made:



A/A ; b/b ; C/C ; D/D ; L/L ( a/a ; B/B ; c/c ; D/D ; L/L


and is carried into the F2. Which of the following statements is not correct? 

A)
The height of the two parents would be 58 cm and 52 cm, respectively, with the F1 being intermediate in height (55 cm). 

B)
The F2 individuals will have an average height of 55 cm. 

C)
The F2 will show a greater variability in height than the F1. 

*
D)
There will be 16 phenotypic classes in the F2. 

E)
Interbreeding F2 individuals of the shortest height (46 cm) will lead to an F3 with a reduced variability compared to the F2. 
True-False Questions

Circle T for True or F for False, for each statement that follows. 

1.
You are studying a highly inbred strain of barley. After many generations of inbreeding, you now assume that the genetic variation is zero. Suppose that you raise many individuals of your barley strain in a field in Southeastern Michigan and then measure their height after one month of growth. You find that the variation in their phenotype (height) is 4.0. The broad heritability of this variation is 0.


Which of the following are correct conclusions from this study?


T   F  (a)
Genes are not important in determining the height of a barley plant (in this 




strain).


T   F  (b)
Genetic variation does not determine the difference between any two barley 




plants.


T   F  (c)
If you were to grow these same plants in a field in Tennessee, you would also 




get a heritability of 0. 
Answer: (a) False; (b) True; (c) True

2.
Suppose that you test many individuals for their singing ability (measured as ability to accurately sing specific notes at the right pitch). You compare (A) children with their genetic parents, (B) adopted children with their genetic parents, and (C) adopted children with their adoptive parents. All children were adopted immediately after birth. Category A has an average similarity index of 0.2. Category B is also 0.2, while Category C is 0.05. (Similarity index is a measure of the similarity of the scores between two individuals, ranging from 0, no similarity, to 1, identical.)



Which of the following are reasonable conclusions from this study?


T   F  (a) The heritability of singing ability is probably greater than 0.


T   F  (b) Singing lessons are unlikely to change someone’s singing ability.


T   F  (c) Singing ability is genetically determined. 
Answer: (a) True; (b) False; (c) False

3.
Elisa the epidemiologist studies the gene epp in humans. epp codes for a protein found on the surface of lung epithelium and has two allelic forms: epp-1 and epp-2. In a carefully controlled study of non-smokers, Elisa determines that individuals homozygous for the epp-2 allele are 60 percent more likely to develop lung cancer than those homozygous for the epp-1 allele. Elisa’s assistant suggests that the following conclusions can be drawn. Which are correct?


T   F  (a)
The broad heritability (H2) for epp is 0.6.


T   F  (b)
Most individuals with lung cancer are homozygous for epp-1.


T   F  (c)
epp-2 homozygotes who smoke have at least a 60 percent higher risk for lung 




cancer in comparison with epp-1 homozygotes who smoke. 
Answer: (a) False; (b) False; (c) False

4.
Nate the naturalist determines that ear length in white-tailed rabbits of northern Iowa has a broad heritability of 0.8 (H2). The chart below indicates the number of animals with ears of a specific length.



0-5 cm
6-10 cm
11-15 cm
15-20 cm
25-30 cm



————————————————————————



100
200
400
200
100


Which of the following statements are correct conclusions?


T   F  (a)
Nate’s daughter adopts a rabbit with very short ears (4 cm) that she calls 




Flopsie. Flopsie’s ear length is mainly due to genetic factors.


T   F  (b)
The rabbits with 0-5 cm ear length are separated and interbred. The rabbits 




with 25-30 cm ear length are also separated and interbred. The progeny of the 




0-5 cm rabbits will have, on average, shorter ears than the progeny of the 




25-30 cm group.


T   F  (c)
Rabbits in the 0-5 cm group are, in general, genetically more similar to each 




other than to rabbits of the 25-30 cm group. 
Answer: (a) False; (b) True; (c) True
Open-Ended Questions


1.
If an individual plant is heterozygous for six polygenic loci that affect height, and this plant is selfed


(a) how many height classes will there be among the progeny?


(b) what will be the frequency of the tallest class of progeny? 
Answer: 


(a) There can be a range of 0 to 12 polygenes for a total of 13 classes. The general formula is 2N + 1, where N is the number of loci.


(b) (1/4)6 = 1/4096 

2.
It is difficult to measure any type of heritability without the ability to perform specific crosses. However, vast population studies enable estimation of heritability for some characters in human beings. Some estimated broad heritabilities include: stature, 0.85; body weight, 0.62; systolic blood pressure, 0.57; diastolic blood pressure, 0.44; twinning, 0.50; and overall fertility, 0.1 to 0.2. Which of these characters is most likely to “run in families”? If one of your parents and one of your grandparents has high blood pressure, should you be concerned about the likelihood that you will have the same problem? 
Answer: Traits with higher heritabilities are more likely to show resemblance among family members. Therefore, height and weight are more likely to “run in families” than is overall fertility. The blood-pressure heritabilities suggest that there is a strong genetic component that determines variation in this trait; you should be concerned about blood pressure if your family has a history of high blood pressure. 

3.
In a natural population of outbreeding annual plants, the variance of the total number of seeds per plant is 16. From the natural population, 20 plants are taken into the laboratory and each selfed for 10 generations. The average variance in the tenth generation in each of the 20 sets is about equal, and averages 5.8 across all the sets. Estimate the broad heritability (H2) of seed number in this population. 
Answer: Repeated selfing results in homozygosity, so plants within each of the 20 sets were very close to being genetically identical after 10 generations. Therefore, the variance that remains in the 10th generation must be environmental variance, which can be subtracted from the total variance to get the genetic variance.


H2 = (16 - 5.8)/16 = 0.68 

4.
In a population of beetles, the total variance of body weight is 130. It is estimated that the environmental variance is 35, and dominance genetic variance is 45. Calculate the narrow heritability (h2) of body weight in these beetles. 
Answer: Additive genetic variance must be 130 - 45 - 35 = 50.


h2 = 50/130 = 0.39 

5.
In a large flock of turkeys, average body weight is 5.0 kg. In a test to determine if the average weight of the flock can be increased by selective breeding, 6.2 kg birds are removed and allowed to interbreed. Their progeny have an average weight of 5.2 kg. Calculate the narrow heritability (h2). 
Answer: The selection differential is 6.2 - 5.0 = 1.2.


The selective gain is 5.2 - 5.0 = 0.2.


h2 = 0.2/1.2 = 0.17

6.
Two pure lines of Nicotianum (tobacco) have significantly different corolla lengths. In line 1, the average length is 30 mm, ranging from 25 mm to 35 mm with a variance of 10. In line 2, the average corolla length is 60 mm, ranging from 45 mm to 65 mm with a variance of 12. The F1 has a corolla length of 45 mm, ranging from 40 to 50, and the variance is 9. Upon selfing, an F2 is produced that has an average flower length of 45 mm, but ranges from 10 mm to 80 mm with a variance of 55.


(a) Provide a general explanation of these results.


(b) Calculate the broad heritability (H2). 
Answer: 


(a) Polygenes can explain the general results. There is no segregation in the P or F1 generations, but in the F2 the heterozygous polygenes of the F1 have segregated to give the complete range of genotypes. For example:


A/A;B/B;C/C;d/d;e/e;f/f ( a/a;b/b;c/c;D/D;E/E;F/F


F1 A/a;B/b;C/c;D/d;E/e;F/f


F2 ranges from a/a;b/b;c/c;d/d;e/e;f/f to A/A;B/B;C/C;D/D;E/E;F/F


(b) The variance of the P and F1 must be all environmental, and these are all approximately equal, averaging 10.3. The F2 variance must be a combination of genetic and environmental variance. Therefore



H2 = (55 - 10.3)/55 = 81% 

7.
In common wheat, Triticum aestivum, kernel color is determined by polygenes, such that any number of R genes will give red, and the lack of R genes will give white phenotype. In one cross between a red pure line and a white pure line, the F2 is 63/64 red and 1/64 white.


(a) How many polygene loci are segregating in this system?


(b) Show genotypes of the parents, F1 and F2.


(c) Different F2 plants are backcrossed to the white parent. Give examples of polygene genotypes that would give the following ratios in such backcrosses:



(1) 1 red:1 white



(2) 3 red:1 white



(3) 7 red:1 white


(d) What is the formula that generally relates the number of segregating polygenic loci to the proportion of red individuals in the F2 in such systems? 
Answer: 


(a) 3, because (1/4)3 = 1/64


(b)
A1/A1;A2/A2;A3/A3 x a1/a1;a2/a2;a3/a3



F1
A1/a1;A2/a2;A3/a3



F2
A/-;-/-;-/- = red




a/a;a/a;a/a = white


Note: The numbers of the loci (1, 2, 3) can be omitted since they are effectively irrelevant.


(c) 
(1) A/a ; a/a ; a/a x a/a ; a/a ; a/a



(2) A/a ; A/a ; a/a x a/a ; a/a ; a/a



(3) A/a ; A/a ; A/a x a/a ; a/a ; a/a


(d) Proportion of red individuals = 1 - (1/4)n

8.
In an experiment on tobacco flower length, the variance shown by the two pure-breeding parental lines and the F1 averaged 8.76. The total variance of the F2 was 40.96. What is the broad heritability (H2) of flower length in tobacco (in this experiment)? 
Answer: H2 = 32.20/40.96 = 0.786
       9.  Two highly inbred populations of the annual weed Capsella bursa-pastoris grow in 

adjacent fields. One field is mowed regularly; the other is never mowed. Seeds from the 

plants are taken to a greenhouse where they can be grown under uniform conditions. The 

mean height of plants at the time of flowering is measured for each population, and for 

the F1 and F2 generations from crosses between representatives of each population. The 

data from these experiments are as follows:


Mean (in cm)
Variance

Mowed Field
6.2
4.0

Unmowed Field
13.6
10.2

F1
10.2
12.6

F2
10.4
20.3


How much of the observed variance in plant height at flowering is caused by the 

environment in which the plants are grown? How much of the variance is due to genotype? What is the broad heritability (H2) for this character? 



Answer:


Environmental variance = (12.6 + 4.0 + 10.2)/3 = 8.9


Total variance = 20.3


Genotypic variance = total variance - environmental variance = 11.4


H2 = 11.4 / 20.3 = 0.56


10.
The narrow heritabilities (h2) for several traits in domesticated cattle are: percent protein in milk, 0.54; feed efficiency, 0.34; milk yield, 0.30; calving interval, 0.01. Which of these traits would be most responsive to artificial selection? Which would be least responsive? 
Answer: The traits with the higher heritabilities (such as milk protein) would have the 

greatest response to selection. Calving interval would have the least response to selection.

