Test Bank: Chapter Five

The Inheritance of Single-Gene Differences

Chapter 5: The Inheritance of Single-Gene Differences

Multiple-Choice Questions


1.
A cross is made between an arginine-requiring (arg) mutant of Neurospora and wild type (+). What proportion of the progeny will require arginine? 

A) All 

B) None 
C) 1/4 

* D) 1/2
E) 3/4 

2.
In mice a black B/b female is crossed to a brown b/b male. What proportion of the baby mice will be brown? 

A) None 
B) All 

C) 1/4

* D) 1/2
E) 3/4 

3.
A C/cch female rabbit is crossed to a ce/c male rabbit. What proportion of the baby rabbits do you expect to be C/ce in genotype? 

*
A) 1/4 

B) 1/2 

C) 3/4 

D) None 
E) All 

4.
The following pedigree concerns the autosomal recessive disease phenylketonuria (PKU). The couple marked A and B are contemplating having a baby but are concerned about the baby’s having PKU. What is the probability of the first child having PKU? Unless you have evidence to the contrary, assume that a person marrying into the pedigree (i.e., not a descendant of the two parents at the top of the pedigree) is not a carrier. The filled-in individuals have PKU.
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A) 0

* B) 1/12
C) 1/4

D) 1/16
E) 9/64


5.
A couple in Indiana are both heterozygous for the autosomal recessive allele for albinism. They have two children. What is the probability that both children will be phenotypically identical with regard to skin color? 

A) 3/4 

B) 1/16 
C) 1/4 

D) 9/16 
* E) 5/8 

6.
The following pedigree depicts the inheritance of a rare hereditary disease affecting muscles:
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What is the most likely mode of inheritance of this disease? 

A)
Autosomal dominant 

B)
Autosomal recessive 

C)
X-linked dominant 

*
D)
X-linked recessive 

E)
Y-linked 

7.
The following pedigree shows the inheritance of attached earlobes (black symbols) and unattached earlobes (white symbol). Both alternative phenotypes are quite common in human populations.


[image: image3.png]o
® OEN OB



 


If the phenotypes are determined by alleles of one gene, then attached earlobes are inherited as an 

*
A)
autosomal dominant. 

B)
autosomal recessive. 

C)
X-linked dominant. 

D)
X-linked recessive. 

E)
Could be more than one of the above 

8.
A phenotypically normal woman is heterozygous for the recessive Mendelian allele causing phenylketonuria, a disease caused by the inability to process phenylalanine in food. What proportion of her eggs will carry the allele that allows normal processing of phenylalanine? 

A) All 

B) 3/4 

* C) 1/2
D) 1/4 

E) None 

9.
A selfed monohybrid characteristically produces progeny phenotypes in the ratio 

A) 1:1 

B) 1:2:1 
* C) 3:1 
D) 9:3:3:1 
E) 1:1:1:1 

10.
A testcrossed monohybrid characteristically produces progeny phenotypes in the ratio 

*
A) 1:1 

B) 1:2:1 
C) 3:1 

D) 9:3:3:1 
E) 1:1:1:1 

11.
If genes assort independently, a selfed dihybrid characteristically produces progeny phenotypes in the ratio 

A) 1:1 

B) 1:2:1 
C) 3:1 

* D) 9:3:3:1 
E) 1:1:1:1 

12.
If genes assort independently, a testcrossed dihybrid characteristically produces progeny phenotypes in the ratio 

A) 1:1 

B) 1:2:1 
C) 3:1 

D) 9:3:3:1 
* E) 1:1:1:1 

13.
A rare, curly-winged mutant of Drosophila was found in nature. A mating of this fly with a true-breeding, normal laboratory stock produced progeny in the ratio 1 curly-winged to 1 normal (both sexes had the same ratio). All curly-winged progeny of this cross, mated with normal progeny of the same cross, again yielded 1 curly-winged to 1 normal fly. When mated with one another, the curly-winged progeny of the first cross yield a progeny of 623 curly:323 normal. This ratio strongly suggests which of the following: 

A)
Curly and normal are in the 3:1 ratio, expected from intercrossing monohybrid genotypes for a recessive mutant allele (curly). 

B)
Curly and normal are in the 3:1 ratio, expected from intercrossing monohybrid genotypes for a dominant mutant allele (curly). 

C)
The curly-winged parent of the curly X curly cross is homozygous. 

*
D)
Flies homozygous for the curly allele are lethal and never survive. 

E)
The gene for curly is sex-linked. 

14.
In Andalusian fowls B/B = black and b/b = white, but the heterozygote is blue. If two heterozygotes are mated, what proportion of their offspring will be blue? 

A) 3/4 

B) 2/3 

C) 1/4 

* D) 1/2 
E) 9/16 

15.
In a cross made with variegated Four O'Clock plants, pollen is provided from flowers on a green sector, and ovules from a white sector. The progeny are expected to be 

A)
all green. 

*
B)
all white. 

C)
all variegated. 

D)
some variegated, some green, some white. 

E)
some variegated, some white. 

16.
In Four O’Clock plants that show green/white sectoring, the mechanism for producing sectors is best described as 

A)
mitotic crossing over. 

B)
meiotic crossing over. 

C)
unstable mutations in cpDNA. 

*
D)
cytoplasmic segregation. 

E)
complementation. 

17.
In the haploid fungus Neurospora, a strain with the mutant phenotype poky (mitochondrial) is the paternal parent in a cross to a non-poky maternal parent. What proportion of progeny will be poky? 

*
A) 0 

B) 0.25 
C) 0.50 
D) 0.75 
E) 1

18.
In the purple penguin, a series of alleles occurs at the p locus on an autosome. All alleles affect the color of feathers: pd = dark-purple, pm = medium-purple, pl = light-purple, and pvl= very pale purple (almost white). The order of dominance is pd > pm > pl > pvl. If a light-purple female, heterozygous for very pale purple, is crossed to a dark-purple male, heterozygous for medium-purple, the ratio of phenotypes expected among the baby penguins would be 

A)
2 dark:1 medium:1 light. 

*
B)
1 dark:1 medium. 

C)
1 dark:1 medium:1 light:1 very pale. 

D)
1 medium:1 light. 

E)
2 dark:1 light:1 very pale. 
Open-Ended Questions


1.
(a) In families with four children, what proportion of the families will have at least one boy?


(b) In families with two girls and one boy, what fraction of the families will have the boy as the second child?


(c) In families with four children, what fraction of the families will have the gender order male-female-female-male? 
Answer: 


(a) 0.94, since 1 – Prob. of 4 girls, or 1 – (.5)4 = 1 – 0.06. The frequency can be calculated more laboriously by expanding the binomial (p + q)4 = p4 + 4p3q + 6p2q2 + 4pq3 + q4 and noting that 15/16 (0.9375) of the distribution has one boy.


(b) 1/3, since the frequencies of MFF, FMF, and FFM families are equal.


(c) Of four-child families, 6/16 have 2 boys and 2 girls; only 1/6 of such families will have the birth order MFFM. Therefore, 1/16 will have that particular birth order. The same answer can be derived as (0.5)4. 

2.
In a species of Mexican mollies, fish with ragged fins and fish with nonragged fins were found. When mollies of a true-breeding (= pure-breeding) ragged strain were crossed with nonragged fish, the F1 all had ragged fins, and in the F2 3 ragged appeared to 1 nonragged. Diagram this cross, letting R = ragged and r = nonragged, and give parental phenotypes, genotypes, and germ cells, as well as F2 genotypes and phenotypes. 
Answer: 
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The F2 (from R/r intercrossed) is 1/4 R/R and 1/2 R/r (= 3/4 ragged) and 1/4 r/r (nonragged) 

3.
The black and yellow pigments in the coats of cats are controlled by an X-linked pair of alleles. Females heterozygous for these alleles have areas of black and areas of yellow in their coat (called tortoise-shell, or calico if there are also patches of white hair).


(a) A calico cat has a litter of eight kittens: one yellow male, two black males, two yellow females, and three calico females. Assuming there is a single father for the litter, what is his probable color?


(b) A yellow cat has a litter of four kittens: one yellow and three calico. Assuming there is a single father for the litter, what is the probable sex of the yellow kitten?


(c) How would you prove that XO cats are phenotypically female? What female kitten colors (with respect to yellow, calico, and black) would you look for in which types of parental color crosses? 
Answer: 


(a) Yellow (genotype: yw/Y chromosome), where yw = yellow; yw+ = black


(b) Male. Since the father must be black (genotype yw+/Y chromosome), the only true yellow progeny cannot have received a color gene from the father. It must be male, and must have received its one X chromosome from its mother.


(c) Look for female kittens that fail to express an allele they should have inherited from their mothers: black female kittens from yellow mothers; yellow female kittens from black mothers. These kittens should have an X chromosome from their fathers, as usual; the fact that they show no alleles from their mothers may suggest they developed from eggs without an X chromosome and therefore that XO is female. Similarly, look for female kittens that fail to express a color that should have been inherited from their father. Female progeny of yellow tom cats should be either yellow or calico; of black tom cats, either black or calico, depending on the allele inherited from the mother. A black daughter of a yellow tom cat might come from a sperm lacking any sex chromosome. Chromosomal checks would be required on these unexpected progeny. 

4.
Consider the following pedigree of a rare autosomal recessive disease. Assume all people marrying into the pedigree do not carry the abnormal allele.
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(a) If individuals A and B have a child, what is the probability that the child will have the disease?


(b) If individuals C and D have a child, what is the probability that the child will have the disease?


(c) If the first child of C × D is normal, what is the probability that their second child will have the disease?


(d) If the first child of C × D has the disease, what is the probability that their second child will have the disease?
Answer: 


(a) Choosing M for unaffected and m for the disorder, male B must be M/m, and female A has a 2/3 chance of being M/m. The overall chance of an affected child is 1 × 2/3 × 1/4 = 2/12 = 1/6.


(b) If C’s mother A is heterozygous, C stands a 1/2 chance of being heterozygous. D’s mother must be heterozygous, and D stands a 1/2 chance of inheriting that heterozygosity. The overall chance of an affected child is 2/3 × 1/2 × 1 × 1/2 × 1/4 = 2/48 = 1/24.


(c) The probability is still 1/24.


(d) Now that we know individuals C and D must both be M/m, the chance of the second child’s being m/m is 1/4. 

5.
Huntington disease is an autosomal dominant. A woman whose great-grandfather had Huntington disease is considering having a child. Both her father and grandfather were killed in wars while in their twenties. If she consulted you, how would you advise her about the risks to her child? (Make sure you give her probability values for your predictions.)
Answer: Apparently the father and grandfather did not show symptoms of Huntington disease, but since it is a late-onset disease, they probably would not have expressed it in their early twenties. There is a 1/2 chance that the grandfather inherited the allele, a 1/2 chance that the father received it from him, a further 1/2 chance that the woman received it, and then a further 1/2 chance that her future child would receive it. The overall chance that the woman’s child will develop the disease is 1/2 × 1/2 × 1/2 × 1/2 = 1/16. 

6.
A young woman is worried about having a child because her mother’s only sister had a son with Duchenne muscular dystrophy (DMD). The young woman has no brothers or sisters. (DMD is a rare X-linked recessive disorder.)


(a) Draw the relevant parts of the pedigree of the family described above. (Be sure to include the grandmother, the three women mentioned, and all their mates.)


(b) State the most likely genotype of everyone in the pedigree.


(c) Calculate the probability that the young woman’s first child will have DMD. 
Answer: 


(a) pedigree and (b) genotypes
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(c) The grandmother must have been D/d. There is a 1/2 chance that the mother is D/d and, if so, a further 1/2 chance that the woman herself is D/d. If she is, 1/2 of her sons will have DMD. Since the probability of a son is also 1/2, the overall probability is 


1/2 × 1/2 × 1/2 × 1/2 = 1/16. 

7.
In Neurospora “slow growth” occurs in strains with mutant mitochondria. A nuclear gene F permits “faster growth.” In strains with normal mitochondria, the growth rate is noticeably greater than in strains with mutant mitochondria, and gene F plays no role whatsoever. Thus, we have three types of strains with respect to their growth-rate phenotype: “normal” (with normal mitochondria); “faster growth” (F, with mutant mitochondria); and “slow growth” (f, with mutant mitochondria). The following cross was carried out, with the results shown:



Parents: female “faster growth” × “normal” male







Progeny:
1/2 "faster growth" ascospores



1/2 "slow growth" ascospores


What would the result of the reciprocal of this cross yield in terms of genotypes and phenotypes in the progeny? 
Answer: The reciprocal cross is female f, with normal mitochondria × male F, with mutant mitochondria.


Progeny are 1/2 F, with normal mitochondria, and 1/2 f, with normal mitochondria. 

8.
A true-breeding strain of blue-eyed bats is developed. In bats, as in humans, the male is the heterogametic sex. Males of this strain are mated to females of a true-breeding brown-eyed strain of bats. The F1 are all brown-eyed. What would be the phenotypes of the F1 bats in the reciprocal cross if


(a) the blue-eyed character is an X-linked recessive? (Show your work.)
(a) the blue-eyed character appears as the result of a virus that is always transmitted in the egg cytoplasm? (Show your work.)

(b) the blue-eyed character is an autosomal recessive? (Show your work.)
Answer: 


(a) female b/b × male  +/Y  F1 male  b/Y (blue) and F1  female +/b (brown)


(b) female  blue (+ virus) × male brown (no virus)  all blue progeny (males and females)


(c) female b/b × male +/+  F1 +/b  males and females (all brown progeny) 

9.
The ability of the human body to break down the red color in beets is controlled by an autosomal dominant allele. The inability is recessive, detected by red coloration of the urine (we will call this phenotype “secretor”). If a nonsecretor woman with a secretor father has children with a nonsecretor man who in a previous relationship had a secretor daughter, what is the probability that their first child will be


(a) a secretor girl?


(b) a nonsecretor girl?


(c) a secretor boy?


(d) What is the probability that their first two children will be nonsecretors of either sex?
Answer: Both parents must be carriers of the secretor allele. Therefore:


(a) (1/4)(1/2) = 1/8


(b) (3/4)(1/2) = 3/8


(c) (1/4)(1/2) = 1/8


(d) (3/4)(3/4) = 9/16 

10.
A couple without an ancestral history of Tay-Sachs disease (an autosomal recessive) have two normal children and an infant affected with Tay-Sachs. The sister of the male parent wants to mate with the brother of the female parent.  In such a mating, what would be the probability of their first child having Tay-Sachs disease?
Answer: The couple are each heterozygous so in both sets of their phenotypically normal parents there must have been one heterozygote. Therefore both sets of grandparents must have been T/t  T/T and the brother and sister each have a 1/2 chance of being T/t. If so, there is a 1/4 chance of an affected infant. Overall probability = (1/2)(1/2)(1/4) = 1/16 

11.
Mendel studied the inheritance of phenotypic characters determined by alleles of seven different genes. It is an interesting coincidence that the pea plant has seven pairs of chromosomes (n = 7). What is the probability that, by chance, Mendel’s seven genes would each be located on a different chromosome? You may assume that the pea’s chromosomes are all the same size.
Answer: 6!/76 = 6.12 × 103


Take each gene in turn. The probability that the first gene falls on a chromosome is 1. The probability that the second gene falls on any of the remaining 6 chromosomes is 6/7, the next is 5/7, etc. The overall probability is the product of all these. 

12.
Two haploid yeast cells, one wild-type and one having a mutation blocking the synthesis of adenine, were mated.  The zygote and its mitotic descendants were wild-type in phenotype.  When the diploid cells were induced to undergo meiosis, the progeny (a random sample of haploid meiotic products) consisted of 214 able to grow without adenine and 203 unable to grow without adenine.  Diagram the cross, picturing the chromosomes of the parents, the zygote, Metaphase I, and the meiotic products.  How many genes are involved?  What are the dominance relationships of the alleles of the gene or genes?
Answer: This problem forces you to recognize the ability or inability to grow without adenine as alternative characters that segregate in a 1:1 ratio.  These meet the criteria of allelism:  ade+ and ade are alleles of the ade gene.  There is only one gene in the cross, and the ade+ allele is dominant; the diploid formed in the cross has the phenotype of the ade+ parent.  See figures in text for diagrams. 

13.
A plant shows sectors of green and white in its photosynthetic tissue caused by a mutation in cpDNA. Flowers appear all over the plant, and these are allowed to self-pollinate. Seeds are collected from 


(a) flowers in pure white sectors.


(b) flowers in pure green sectors.
(c) flowers in regions that are mixtures of small green and white sectors.What type of progeny are expected from these three types of selfs?


(d) If white progeny are predicted, comment on their possible survival.
(a) If white tissue is nonphotosynthetic (which seems likely) how can it survive to be a white sector? 

Answer: 


(a) All progeny white


(b) All progeny green


(c) Some white, some green, some variegated


(d) They will die after exhausting all maternal supplies.


(e) The white parts can live off the energy production of the green parts. 

