Test Bank: Chapter Seventeen

Population Genetics

Chapter 17: Population Genetics

Multiple-Choice Questions


1.
In a human population, the genotype frequencies at one locus are 0.5 AA, 0.4 Aa, and 0.1 aa. What is the frequency of the A allele?

A) 0.20
B) 0.32 
C) 0.50 
* D) 0.70 
E) 0.90 

2.
You are studying an X-linked trait. There are two alleles, one showing complete dominance over the other. In females, 84 percent show the dominant phenotype. What percentage of the males will show the dominant phenotype, assuming that individuals in this large population mate at random with respect to this trait? 

A) 84 

* B) 60
C) 40 

D) 36 

E) 16 

3.
Human albinism is an autosomal recessive trait. Suppose that you find a village in the Andes where 1/4 of the population is albino. If the population size is 1000 and the population is in Hardy-Weinberg equilibrium with respect to this trait, how many individuals are expected to be heterozygotes? 

A) 50

B) 250 
C) 300 
* D) 500 
E) 750 

4.
An RFLP probe shows four different morphs (alleles) in a population of three-spined sticklebacks (a fish - Gasterosteus aculeatus). How many different heterozygous genotypes will there be in this population with regard to this RFLP? 

A) 3

B) 4 

* C) 6 

D) 10 

E) 16


5.
In a population in Hardy-Weinberg equilibrium, what will be the proportion of matings between homozygotes? 

A)
p2 + 2pq 

B)
p4 

C)
p4 + q4 

*
D)
p4 + q4 + 2p2q2 

E)
4p2q2 

6.
In a population of rats, the fitnesses and frequencies of genotypes at present are:




Frequency
Fitness



HH
0.4
1.0



Hh
0.5
0.8



hh
0.1
0.6


What will be the frequency of the h allele in the next generation? 

* A) 0.3
B) 0.4 

C) 0.5 

D) 0.6 

E) 0.7 

7.
Inbreeding in populations that are normally outbreeding leads to which of the following? 

A)
A smaller population 

B)
A higher rate of mutation 

C)
A higher rate of genetic drift 

*
D)
More individuals affected by rare diseases 

E)
An increase in the frequency of heterozygotes 

8.
Suppose that you are a genetic counselor, and a couple seeks your advice about BHT tasting (people who can taste BHT in processed food are recessive homozygotes for the “taster” allele and non-tasters are homozygous dominant or heterozygous for the “non-taster” allele). Both prospective parents are non-tasters, but a careful analysis of the prospective father’s pedigree reveals that he is a carrier of the taster allele. The two alleles are in Hardy-Weinberg equilibrium, and the proportion of BHT tasters in the population is 16 percent. What is the probability that the couple’s first child will be a non-taster of BHT? 

A) 0.0

B) 0.32 
C) 0.81 
* D) 0.86 
E) 1.0 

9.
Some forms of cleft palate are caused by recessive alleles of a gene on the X chromosome. In an Icelandic population, 3.6 ( 10-3 of the females have this form of cleft palate. What proportion of the males would you expect to be affected, assuming Hardy-Weinberg equilibrium? 

A) 1.3 ( 10-5 
B) 3.6 ( 10-3   
C) 1.6 ( 10-3   
* D) 6.0 ( 10-2   E) 0 

10.
Suppose that a population of 100 black-footed ferrets has an initial heterozygosity (H) of 0.5. How many generations will it take for this population to decline to a heterozygosity of 0.25? 

A) 1

B) 34 

C) 68 

D) 100 
* E) 138 

11.
Suppose that a population of 25 black-footed ferrets has an initial heterozygosity (H) of 0.5. How many generations will it take for this population to decline to a heterozygosity of 0.25? 

A) 1

* B) 34 
C) 68 

D) 100 
E) 138 

12.
Given below are the genotypic frequencies for a single gene with two alleles for three different populations:




AA
Aa
aa



Population 1
0.25
0.50
0.25



Population 2
0.35
0.56
0.09



Population 3
0.49
0.42
0.09


Which of the following is not a correct statement about these three populations? 

A)
Population 1 is in Hardy-Weinberg equilibrium; the frequency of allele A is 0.5. 

B)
Population 2 is not in Hardy-Weinberg equilibrium; the frequency of allele a is 0.37. 

C)
Population 3 is in Hardy-Weinberg equilibrium; the frequency of allele a is 0.3. 

D)
Exactly two of the populations are in Hardy-Weinberg equilibrium. 

*
E)
You must assume Hardy-Weinberg equilibrium to calculate the allele frequencies. 


13.
For many generations, the following genotypic frequencies were observed in a large population of dinosaurs: 4 percent AA, 32 percent Aa, and 64 percent aa. The climate changed abruptly and resulted in the death of all homozygous recessive dinosaurs (s = 1). In the next generation, the recessive homozygotes died shortly after birth. What percentage of these newborn dinosaurs died? 

A) 4% 

B) 8.5% 
* C) 19.7% 
D) 36.8% 
E) 44% 

14.
A boatload of Swedish tourists, all of whom bear the MM blood group, is marooned on Haldane Island, where they are met by an equally sized population of Islanders, all bearing blood group NN. In time, the castaways become integrated into Island society. Assuming random mating, no mutation, no selection (based on blood group), and no genetic drift, what would you expect the blood group distribution to be among 4000 progeny of the new Haldane Island population? 

A)
4000 MN 

B)
2000 MN + 2000 MM 

C)
2000 MM + 2000 NN 

D)
2000 MN + 2000 NN 

*
E)
1000 MM + 2000 MN + 1000 NN 

15.
If two populations of birds with frequencies of an allele a of 0.2 and 0.3 are forced together by unusually high winds, what will the new frequency of the a allele be in the combined population?

A) 0.2

B) 0.25 
C) 0.3 

D) 0.5 

*
E) You can’t determine the new frequency unless you know the population sizes. 


16.
In a tropical human population in Hardy-Weinberg equilibrium for an autosomal locus determining presence/absence of pigment in the skin, the frequency of albinism (aa) is 1 in 10,000. The frequency of heterozygotes is approximately 

*
A) 1 in 50.

B) 1 in 100. 
C) 1 in 1000. 
D) 1 in 75. 
E) 1 in 25. 

Open-Ended Questions


1.
The MN blood group in humans is under the control of a pair of co-dominant alleles, LM and LN. In a group of 556 individuals, the following genotypic frequencies are found:



167
MM



280
MN



109
NN


(a) Calculate the frequency of the LM and LN alleles.


(b) Test (using the Chi-squared test) whether the genotypic frequencies conform to the Hardy-Weinberg distribution. 

Answer: 


(a)
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(b)

Observed
Expected



MM
167
169
X2 = 0.195



MN
280
275
d.f. = 1



NN
109
112
0.5 < p < 0.7


There is only one degree of freedom because the three genotypic classes are completely specified by two allelic frequencies. The degrees of freedom in this case equals the number of phenotypic classes minus the number of alleles. The observed distribution does not differ significantly from the Hardy-Weinberg distribution. 

2.
In a population that is in Hardy-Weinberg equilibrium (with respect to one locus and two alleles), there are eight times as many heterozygotes as homozygous recessives. What is the frequency of the recessive allele? 
Answer: 


2pq / q2 = 8


2p = 8q


2(1 - q) = 8q


q = 0.2 

3.
An isolated field of corn is found to be segregating for yellow and white endosperm. Yellow is governed by a dominant allele and white by its recessive allele. A random sample of 1000 kernels reveals that 910 are yellow. What is the frequency of the yellow allele, assuming Hardy-Weinberg equilibrium? 
Answer: 


f(A/-) = p2 + 2pq
= 910/1000


f(a/a) = q2
= 90/1000


q = 0.3 = frequency of the white allele. The frequency of the yellow allele must be 0.7. 

4.
A recessive X-linked character appears in 40 percent of males and 16 percent of females in a randomly interbreeding population. Assume only two alleles are present. What are the allele frequencies? How many females are heterozygotes? How many males are heterozygotes? 
Answer: The frequency of the recessive allele must be 0.4 because the frequency of males with the trait will directly reflect the allele frequency. The frequency of females equals (0.4)2, which is consistent with Hardy-Weinberg equilibrium. Therefore, the number of heterozygotes in females should be 2pq or 2 (0.4)(0.6) = 0.48. There are no heterozygous males (X-linked gene). 

5.
A population of lab rats recently escaped into the sewer system of Washington, D.C. A brave researcher sampled this population and estimated the following phenotypic frequencies (which were caused by a single gene with two alleles: E and e).



61% normal eyes
(EE)



26% cross-eyed
(Ee)



13% blind
(ee)


(a) If this population were to reach a Hardy-Weinberg Equilibrium (HWE) in one generation, what would the phenotypic frequencies be in that new HWE generation?


(b) Suppose that the phenotypes of the original adult population were not equally likely to survive and reproduce (selection). The fitness coefficients are



WEE = 1
WEe = 0.6
Wee = 0.2


What would be the expected phenotypic ratio of babies in the next generation (if selection acts only on adults)? 

Answer: 


(a) We can calculate p and q from the genotypic frequencies (which are the same as the phenotypic frequencies in this case).



f(E) = p = 0.74   f(e) = q = 0.26



The HWE should then be:



EE
0.55



Ee
0.38



Ee
0.07


(b) If selection acts before breeding, you cannot use the frequencies calculated in part (a) to answer part (b). The original frequencies must be used.



EE
Ee
ee



0.61
0.26
0.13



1
0.6
0.2
=
W(fitness): the proportion surviving



0.61
0.16
0.03
=
the proportions of the original adults in







each class after selection



0.76
0.20
0.04
=
the normalized frequencies after selection.







Calculated by taking the previous values and







dividing each by the frequency of all the







surviving rats:







(0.61 + 0.16 + 0.03 = 0.8)


If these rats that have survived now mate at random, their offspring will be in HWE, but with new allele frequencies: p = 0.86; q = 0.14



EE
0.74



Ee
0.24



Ee
0.02

6.
Apert syndrome (acrocephalosyndactyly) results from a dominant mutant allele. Among 322,182 births to normal parents, two infants were found with this syndrome. What is the mutation rate per gamete for this genetic disease? 
Answer: 
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There are 2 ( 322,182 gametes that produced these children, and only two of those gametes had the mutation. 

7.
Tay-Sachs disease is inherited as an autosomal recessive. In a certain large eastern European population, the frequency of Tay-Sachs disease is 1 percent.


(a) If the population is assumed to be in Hardy-Weinberg equilibrium with respect to Tay-Sachs, what is the frequency of the allele that causes Tay-Sachs?


(b) What would be the frequency of heterozygotes?


(c) What is the probability of two heterozygotes marrying?


(d) In children of such marriages, what would be the frequency of Tay-Sachs disease?


(e) What proportion of all Tay-Sachs births are produced by such marriages? 

Answer: 


(a)
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(b) 2 ( 0.9 ( 0.1 = 0.18


(c) (0.18)2 = 0.0324


(d) 0.25


(e) 0.0324 x 0.25 = 0.0081, which is 81 percent of the total Tay-Sachs cases (0.01) 

8.
Red hair (autosomal recessive) is found in approximately 4 percent of the people in Norway. If we assume that the Norwegian population is in Hardy-Weinberg equilibrium with respect to hair color


(a) what are the frequencies of the red hair (r) and non-red hair (R) alleles?


(b) what is the frequency of heterozygotes?


(c) what proportion of all matings could potentially produce a child with red hair? 
Answer: 


(a)
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(b) 
2 ( 0.2 ( 0.8 = 0.32


(c)
R/r ( R/r
0.32 ( 0.32
= 0.1024



R/r ( r/r
0.32 ( 0.04 x 2
= 0.0256



r/r ( r/r
0.04 ( 0.04
= 0.0016





TOTAL  0.1296





12.96%

9.
You identify a population of mice (Peromyscus maniculatus) on an island. Their coat color is controlled by a single gene: BB mice are black, Bb mice are gray, and bb mice are white. You take a census of the population and record the following numbers of mice:



Black
200



Gray
160



White
40


(a) What are the frequencies of the two alleles?


(b) What are the Hardy-Weinberg equilibrium frequencies for these three phenotypes?


(c) A heat wave hits the island. All 200 mice with black fur die from heat stroke, but the other mice survive. What are the new allele frequencies for the population?


(d) If the population suffers no further cataclysms after the heat wave, and the surviving animals mate randomly, what will be the frequency of mice with black fur in the next generation?


(e) If the climate is altered permanently, so that mice with black fur die before reproducing, which of the following statements are correct?



(1) At Hardy-Weinberg equilibrium, f(B) will equal 0.135.



(2) The fitness of mice with gray fur (WBb) must be equal to 0.5.



(3) The fitness of mice with black fur (WBB) is 0.



(4) The B allele will disappear from the population in one generation.



(5) The B allele will disappear from the population in two generations. 
Answer: 


(a) f(B) = 0.7
f(b) = 0.3


(b) 
f(BB) = 0.49



f(Bb) = 0.42



f(bb) = 0.09


(c) f(B) = 0.4
f(b) = 0.6


(d) f(black mice) = 0.16


(e) Only (3) is correct. 

10.
A large population of hawkmoths lives in a valley in Canada. Genetic tests reveal the following frequencies of alleles for wing color:



Frequency
Allele
Phenotype



0.5
C
black wing (dominant to ct and c-)



0.4
ct
tan wing (dominant to c-)



0.1
c-
white wing (recessive to both other alleles)


(a) If moths continue to mate randomly, what would be the frequencies of moths with black, tan, and white wings in the next generation? 


(b) A small group of the moths flies to neighboring Montana and starts a new population. After several generations, there is a large randomly-mating population of hawkmoths. Observations of the Montana moths reveal the following:



Phenotype
Frequency



black wings
0.75



tan wings
0



white wings
0.25


What are the allele frequencies for C, ct, and c-?


(c) The change in allele frequency in the Montana population as compared with the original Canadian population is an example of _______.


(d) A group of Western Kingbirds migrates into the area occupied by the Montana hawkmoths. The birds find it easier to spot and catch the white-winged moths, compared with the black moths. The relative fitness of each moth is as follows:



Phenotype
Fitness



black wings
1



white wings
0.2


What will be the allele frequencies for C, ct, and c- after one generation of selection? 


(e) Imagine that instead of birds, hawkmoths from Idaho migrate into the Montana population. The Montana population contains 10,000 moths, and the migrants from Idaho number 2,500. The Idaho moths are all white-winged. What is the allele frequency for c- in the next generation? 
Answer: 


(a)
f(black)
= 0.52 + 2(0.5)(0.4) + 2(0.5)(0.1)
= 0.75



f(tan)
= 0.42 + 2(0.4)(0.1)
= 0.24



f(white)
= 0.12
= 0.01


(b)




f(C) = 0.5



f(ct) = 0



f(c-) = 0.5


You can calculate f(c-) by taking the square root of 0.25—a  procedure you can only perform if you assume Hardy-Weinberg equilibrium.


(c) Either Genetic Drift, or Founder effect


(d)
f(C) = 0.625



f(ct) = 0



f(c-) = 0.375 


(e) Since the Montana population is in HWE, you can assume that there are 2,500 homozygous black moths and 5,000 heterozygous black moths. When you add 2,500 white moths, you then can calculate 
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11.
In a Pygmy group in central Africa, the frequencies of alleles determining the ABO blood groups were estimated as 0.2 for IA, 0.1 for IB, and 0.7 for i. Assuming random mating with respect to blood group, determine the expected frequencies of the blood types A, B, AB, and O. 
Answer: 



f(A) 
= 0.22 + 2(0.2)(0.7)
= 0.32



f(B) 
= 0.12 + 2(0.1)(0.7)
= 0.15



f(AB)
= 2(0.2)(0.1)

= 0.04



f(O)
= 0.72

= 0.49

12.
Samples of brook trout from two mountain streams yielded the following data for a polymorphism for restriction fragment length (3.3-, 3.9-, 4.1-kilobases) at the gene encoding the enzyme alcohol dehydrogenase.



Population 1

Population 2



3.3-kb homozygotes
49
3.3-kb homozygotes
4



4.1-kb homozygotes
9
3.9-kb homozygotes
64



3.3-/4.1-kb homozygotes
42
3.3-/3.9-heterozygotes
32


(a) What are the allele frequencies in each population?


(b) Are the populations at Hardy-Weinberg equilibrium?

(c) What effect would migration of salmon from population 2 into the river where population 1 lives, have on the allele frequencies in the progeny of population 1? 

Answer: 


(a)
Population 1
f(3.3-kb allele) = 0.7






f(4.1-kb allele) = 0.3



Population 2
f(3.3-kb allele) = 0.2






f(3.9-kb allele) = 0.8


(b) Both populations appear to be in Hardy-Weinberg equilibrium.


(c) Migration would introduce the 3.9-kb allele into population 1 and would change the relative frequencies of all alleles. 

13.
The following autosomal RFLP genotype frequencies were found in a sample of people from Thailand:



Gene 1

Gene 2



3.7-kb homozygotes
0.16
4.1-kb homozygotes
0.32



2.9-kb homozygotes
0.36
3.4-kb homozygotes
0.44



2.9-/3.7-kb heterozygotes
0.48
4.1-/3.4-kb heterozygotes
0.24


(a) What are the allele frequencies at each locus?


(b) What would be the genotype frequencies at each locus at Hardy-Weinberg equilibrium?


(c) What are some of the reasons why one locus can be at Hardy-Weinberg equilibrium, whereas an independent locus in the same population may not? 
Answer: 


(a)
Gene 1
f(3.7-kb allele) = 0.4





f(2.9-kb allele) = 0.6



Gene 2
f(4.1-kb allele) = 0.44





f(3.4-kb allele) = 0.56


(b) Gene 1 is probably at Hardy-Weinberg equilibrium; gene 2 is slightly different from Hardy-Weinberg expectations. The Hardy-Weinberg frequencies would be:



4.1 homozygotes
-
0.1936



3.4 homozygotes
-
0.3136



heterozygotes
-
0.4928


(c) In this example, gene 2 shows a deficiency of heterozygotes, possibly as a result of selection against heterozygotes, or non-random mating, with respect to any phenotypic effects of those alleles. Another possibility is that migration into the population occurs from another population, where the allele frequencies are the same at gene 1 but different at gene 2. 
