Test Bank: Chapter Fourteen

From Gene to Phenotype


Chapter 14:  From Gene to Phenotype

Multiple-Choice Questions
1. 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. 

2.
In a certain breed of dog, the alleles B and b determine black and brown coats respectively. However, the allele Q of a gene on a separate chromosome is epistatic to the B and b color alleles resulting in a gray coat (q has no effect on color). If animals of genotype B/b ; Q/q are intercrossed, what phenotypic ratio is expected in the progeny? 

A)
9 gray, 3 brown, 4 black 

B)
1 black, 2 gray, 1 brown 

C)
9 black, 6 brown, 1 gray 

D)
9 black, 4 gray, 3 brown 

*
E)
12 gray, 3 black, 1 brown 

3.
In sweet peas the allele C is needed for color expression (c results in no color - white). The precise color expressed is determined by the alleles R (red) and r (blue). A cross between certain red and blue plants resulted in progeny as follows:



3/8 red



3/8 blue



1/4 white


What were the genotypes of the plants crossed? 

A)
C/C ; R/R   C/c ; R/r 

B)
C/c ; r/r   C/C ; R/r 

C)
C/c ; R/r   C/c ; R/r 

*
D)
C/c ; R/r   C/c ; r/r 

E)
c/c ; R/r  C/c ; R/r 

4.
In Drosophila the eye color peach is determined by an autosomal recessive allele p. On another chromosome the autosomal recessive s suppresses peach, restoring the wild-type red eye color. When two pure-breeding red strains 1 and 2 are intercrossed, the F1 is also red. However when the F1 is backcrossed to strain 1, the progeny show 3/4 red and 1/4 peach flies. The genotype of the strain 1 must have been 

A)
p+/p+ ; s+/s+ 

B)
p+/p ; s/s 

C)
p/p ; s+/s+ 

D)
p+/p ; s+/s 

*
E)
p/p ; s/s 

5.
In mice the allele for color expression is C (c = albino). Another gene determines color (B = black and b = brown). Yet another gene modifies the amount of color so that D = normal amount of color and d = dilute (milky) color. Two mice that are C/c ; B/b ; D/d are mated. What proportion of progeny will be dilute brown (assume complete dominance at each locus)? 

A) 9/16 
* B) 3/64 
C) 9/64 
D) 1/4 

E) 3/16 

6.
In chickens the dominant allele Cr produces the creeper phenotype (having extremely short legs). However the creeper allele is lethal in the homozygous condition. If two creepers are mated, what proportion of the living progeny will be creepers? 

A) 1/4

B) 1/2 

C) 3/4 

D) 1/3 

* E) 2/3 

7.
Drosophila eyes are normally red. Several purple-eyed strains have been isolated as spontaneous variants (mutants) and the purple phenotype has been shown to be inherited as a Mendelian autosomal recessive in each case. To investigate allelism between these different purple mutations, two purple-eyed pure strains were crossed. If the purple mutations are in different genes (that is they are not allelic), the F1 is expected to be 

*
A)
all red. 

B)
all purple. 

C)
3/4 red, 1/4 purple. 

D)
1/2 red, 1/2 purple. 

E)
1/4 red, 3/4 purple. 

8.
Drosophila eyes are normally red. Several purple-eyed strains have been isolated as spontaneous variants (mutants) and the purple phenotype has been shown to be inherited as a Mendelian autosomal recessive in each case. To investigate allelism between these different purple mutations, two purple-eyed pure strains were crossed. If the purple mutations are in the same gene (that is they are allelic), the F1 is expected to be 

A)
all red. 

*
B)
all purple. 

C)
3/4 red, 1/4 purple. 

D)
1/2 red, 1/2 purple. 

E)
1/4 red, 3/4 purple. 

9.
In Drosophila the recessive alleles for brown and scarlet eyes (of two independent genes) interact so that bw/bw;st/st is white. If a pure-breeding brown is crossed to a pure-breeding scarlet, what proportion of the F2 will be white? 

*
A) 1/16
B) 1/4 

C) 7/16 
D) 3/4 

E) 13/16 

10.
In swine, when a pure-breeding red is crossed to a pure-breeding white the F1 are all red. However, the F2 shows 9/16 red, 1/16 white, and 6/16 are a new color, sandy. The sandy phenotype is most likely determined by 

A)
complementary alleles of two different genes. 

B)
a heterozygote of the alleles determines red and white. 

C)
recessive epistasis. 

D)
dominant epistasis. 

*
E)
the presence of a dominant allele at either of two loci where red is determined by the dominant alleles of both loci. 

11. In Neurospora, a complementation test (using heterokaryons) was performed on five haploid mutant strains with abnormal hyphal branching.  The results were as follows: “+” means that the heterokaryon was wild-type in appearance, and “-” means it showed abnormal branching. 
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These results indicate that the mutations were in

A) 1 gene.
B) 2 genes.
* C) 3 genes. 
D) 4 genes.
E) 5 genes.

Genetic Jeopardy

Give the one or two words needed to ask the question: What is ______________? 

1.
A one-to-many relationship of genes to phenotypes
Answer: What is pleiotropy? 

2.
In haploids, the production of wild-type phenotype when two recessive mutant alleles are present in the same cell 
Answer: What is complementation? 

3.
A cell that contains two genetically different nuclei 
Answer: What is a heterokaryon? 

4.
The percentage of individuals with a given genotype who exhibit the phenotype associated with that genotype 
Answer: What is penetrance? 

5.
A measure of the extent to which a given genotype is expressed at the phenotypic level 
Answer: What is expressivity? 

6.
When the phenotype of a heterozygote is intermediate between the two homozygotes 
Answer: What is incomplete dominance? 

7.
When each allele produces a protein that can be detected in the heterozygote 
Answer: What is codominance? 

8.
A type of allele for which two doses of that allele causes inviability of the organism 
Answer: What is a lethal allele? 

9.
When an allele of one gene affects the expression of alleles of other genes 
Answer: What is epistasis? 

10.
When a gene has several different states or forms 
Answer: What are multiple alleles? 

11.
An allele that reverses the effect of a mutation of another gene, resulting in a wild-type phenotype 
Answer: What is a suppressor allele? 

12.
An allele that reverses the effect of a stop codon 
Answer: What is a nonsense suppressor? 
Open-Ended Questions

1. Folded ear is characteristic of the “Scottish-fold” breed of cats. It is a dominant mutation that is lethal in homozygotes. A Scottish-fold female was homozygous for four of six traits. She had folded ears, had calico fur (white spotted with orange and black patches of hair), was a nontiger, had black shoe-button eyes (also characteristic of this breed), and was of slender build. “Morris,” a nonspotted orange tiger male alley cat with green eyes and a “chunky” build, was heterozygous for three of the six traits, homozygous for two, and hemizygous for the remaining trait. The two cats mated and produced a litter of four kittens, each of which was quite different from the others. Each kitten is described with respect to each of the six traits.
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“B-B King”
“Wally”
“Alexis”
“Krystle”


 
male
male
female
female  



Normal ear
Normal ear
Normal ear
Normal ear



Nonspotted
White-spotted
Nonspotted
White-spotted



Nontiger
Tiger
Tiger
Nontiger



Black
Black
Orange
Orange



Black eyes
Black eyes
Black eyes
Black eyes



Slender build
Chunky build
Chunky build
Slender build



(long legs)
(short legs)
(short legs)
(long legs)


(a) Give the genotypes of the parents. Note the symbols to be used are named after the mutant phenotype, or allele.


F for the folded-ear allele (F+ for the normal-ear allele)


Sp or sp for the spotting allele (Sp+ or sp+ for nonspotted)


T or t for the tiger allele (T+ or t+ for the nontiger allele)


O or o for the orange allele (O+ or o+ for the black allele)


G or g for the green-eye allele (G+or g+ for the black-eye allele)


L or l for the slender-build allele (L+ or l+ for the chunky-build allele)
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Scottish-fold mother
“Morris”



folded ear
normal ears



white-spotted
non-spotted



non-tiger
tiger



orange and black fur
orange fur



black eyes
green eyes



slender build
chunky build


(b) One of these traits is X-linked. Which one? Why?


(c) Which trait or traits are most likely autosomal recessives? Why?


(d) Which trait or traits besides folded ear are most likely autosomal dominants? Why?


(e) What is the probability that Krystle and Wally would have normal-eared, white-spotted, nontiger, orange-furred daughters? What about normal-eared, white-spotted, tiger, black-furred sons? Explain your answer. 
Answer: 


(a) 
Mother: F/F+ ; s/s; T+/T+ ; O/O+ ; g+/g+ ; l/l



Father: F+/F; s+/s; T/T+ ; O/Y; g/g; l+/l



(Orange can be symbolized by O or o, since codominance is observed)


(b) Orange versus black fur color is X-linked. Note that this is the only trait that shows a “crisscross” type of inheritance, i.e., father to daughters; orange and black mother to sons. In this cross of O/O+ × O/Y you would have expected orange and calico daughters and orange and black sons. It was a matter of chance that this litter (a real one) had only orange daughters and black sons among the four offspring.


(c) Spotting is probably an autosomal recessive. The mother is homozygous for white-spotting while the father is heterozygous and doesn’t show spotting. You expect a 1:1 ratio distributed equally among males and females. This ratio is observed. Green eyes is probably an autosomal recessive. The father appears to be homozygous for the green-eye allele, since all four kittens have black eyes, like their Scottish-fold mother, who is probably homozygous for the black-eye allele. Slender body also appears to be an autosomal recessive, using the same reasoning as for spotting, with the mother homozygous for slender body and the father heterozygous for—and showing—chunky body.


(d) Tiger is most likely an autosomal dominant. Note that the mother is homozygous for 



nontiger and the father is a tiger and heterozygous, since a 1:1 ratio of tiger:nontiger is 



observed among the progeny, distributed equally among males and females.


(e) Zero. This is a mating between an F+/F+ ; s/s; T+/T+ ; O/O female and an F+/F+; s/s; T/T+; O+/Y male. It will yield only O/O+ (orange and black) daughters and O/Y (orange) sons. 

2.
Two albino strains of Neurospora crassa were isolated in two different laboratories. When either one was mated with wild-type (orange) it produced 1/2 albino: 1/2 orange progeny.


(a) What can you now deduce about the genetics of each of these albino strains?


(b) Assume first that the two strains carry allelic mutations. Using appropriate symbols, diagram a cross of the two albino strains. Include the genotypes of the parents, a stick-and-circle diagram of the relevant chromosomes at metaphase I of meiosis, and the genotypes and ratios of the progeny.


(c) Now assume that the two strains carry mutations in different genes, and that the genes are on different chromosomes. Answer the same questions as above. Assume that there are no crossovers between either gene and the centromeres. 
Answer: 


(a) They are each single gene mutations. Multiple-gene mutations would produce fewer wild-type progeny.


(b) 
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3.
Suppose that pigmentation in rabbits is controlled by two genes (E and H). Each gene exhibits complete dominance, and the relationship between genotypes and phenotypes are listed below:



Genotype
Phenotype



E/-;H/-
albino



e/e;H/-
brown



E/-;h/h
albino



e/e;h/h
albino


(a) Two brown parents produce an albino baby rabbit. What are the genotypes of each of the parents and of the baby rabbit?



Parents:



Baby rabbit:


(b) What phenotypic ratio would be expected among the progeny of an intercross between dihybrid rabbits?


(c) In a litter of five baby rabbits from the above cross, what is the probability that all five of the baby rabbits will be albino? 
Answer: 


(a)
Parents:  e/e;H/h  and e/e;H/h



Baby rabbit: e/e;h/h


(b) 13 albino:3 brown


(c) (13/16)5 = 0.35 

4.
Two plants are crossed; their genotypes are A/A;B/b;C/c and a/a;B/b;c/c. What phenotypic ratio would be expected among the progeny of this cross, given the following conditions:


(a) All three genes display complete dominance.


(b) All three genes display incomplete dominance. 
Answer: 


(a)
A/-;B/-;C/-
3



A/-;B/-;c/c
3



A/-;b/b;C/-
1



A/-;b/b;c/c
1


(b)
A/a;B/b;C/c
2



A/a;B/b;c/c
2



A/a;B/B;C/c
1



A/a;B/B;c/c
1



A/a;b/b;C/c
1



A/a;b/b;c/c
1

5.
Wild-type Drosophila have brown bodies and smooth wings. Pure-breeding black-body females were crossed with pure-breeding ragged-wing males. The F1 progeny was composed of equal numbers of wild-type males and ragged-wing females. When intercrossed, the F1 Drosophila produced the following offspring:



295
Wild type



315
ragged wing
Males and Females are present



105
black body
in similar proportions in each 



85
ragged wing, black body
of these phenotypic classes.


Total:
800


(a) Give the genotypes of the F1 males and females. Define your symbols, using a plus (+) superscript for the wild-type allele and using capital letters for genes whose mutants are dominant. If sex-linkage is involved, use appropriate symbols to indicate the sex chromosomes.


Genotypes of F1 males ___________________


Genotypes of F1 females __________________


(b) On the basis of the genotypes that you have given in part (a), what is the expected ratio of phenotypes in the F2 generation? (Show your work)


(c) Use the Chi-square test to determine whether the F2 phenotypes fit the expected ratio you have given in part b), at the 0.05 level of significance. (Show your work.)


H0:




HA:


Value of Chi-square:


Degrees of Freedom:


Critical Chi-square value (at alpha = 0.05):


Decision: 
Answer: 


(a) 
Genotypes of F1 males:  b/b+;X+/Y





Genotypes of F1 females: b/b+;X+/XR



b = brown



b+ = wild type (black)



XR = ragged wing (on X chromosome)



X+ = wild type (smooth wing)


(b) The expected ratios are: 3 brown:1 black and 1 ragged:1 smooth.


     Put together we expect:



wild type
3



ragged wing
3



black body
1



ragged wing, black body
1


(c)
H0: The observed progeny fit an expected ratio of 3:3:1:1



HA: The observed progeny come from a distribution that is different from 3:3:1:1



Value of Chi-square: 3.3



Degrees of Freedom: 3



Critical Chi-square value: 7.815


Decision: retain the null hypothesis. The observed frequencies are likely to be chance variations around the ratio of 3:3:1:1. 

6.
Nine different F2 phenotypic ratios are listed below (a through i). Deduce the expected phenotypic ratio for the testcross of the F1 dihybrid, given the particular F2 ratio.


(a) 13:3
(d) 15:1
(g) 3:6:3:1:2:1


(b) 9:3:4
(e) 9:6:1
(h) 9:3:3:1


(c) 12:3:1
(f) 1:2:2:4:1:2:1:2:1
(i) 9:7 
Answer:  

(a) 3:1 
(d) 3:1
(g) 1:1:1:1

(b) 1:1:2 
(e) 1:2:1 
(h) 1:1:1:1

(c) 2:1:1 
(f) 1:1:1:1 
(i)1:3



The trick here is to start by writing out the four phenotypic classes in an F2 assuming no complications from dominance or epistasis:



A/ ; B/
9



A/ ; b/b
3



a/a ; B/
3



a/a ; b/b
1


The number of phenotypic classes increases with incomplete or codominance (f and g), whereas the number of F2 classes decreases with epistasis (ae, i). For these classes, you need to figure out the model that would lead to the particular modified ratio. What would you expect if:
(1) the recessive allele of one of the genes is epistatic to the other gene pair?
(2) the dominant allele of one of the genes is epistatic to the other gene pair?
(3) there is mutual recessive epistasis; i.e., you need both dominants A and B present to generate wild type.
(4) there are duplicate genes involved; i.e., you only generate a mutant with the double recessive a/a;b/b.
(5) the recessive allele of one of the genes is epistatic to the other gene pair while the dominant allele of the second gene pair is epistatic to the first gene pair?


Once you can generate the F2 ratio, write out the genotypic classes of the testcross and assign phenotypes on the basis of your hypothesis for the particular type of gene interaction. 

7.
A rose-combed chicken (R/R ; p/p) is crossed to a pea-combed chicken (p/p ; R/R) and the F1 is backcrossed to a single-combed chicken (r/r ; p/p). What are the genotypes and phenotypes of the F1 and testcross progeny? 
Answer: R/R;p/p  r/r;P/P  F1 R/r;P/p  walnut-combed


R/r;P/p  r/r;p/p  testcross progeny:
1/4 R/r;P/p walnut-combed



1/4 R/r;p/p rose-combed



1/4 r/r;P/p pea-combed



1/4 r/r;p/p single-combed 

8.
A true-breeding red snapdragon was crossed to a true-breeding white snapdragon. The F1 progeny were red. When F1  F1 matings were made, the following F2 progeny were observed:



1850
red



670
pink



831
white


Total:
3351


(a) Using your own clearly defined genetic symbols, give the appropriate parental, F1, and F2 genotypes in order to explain the above results.


(b) What phenotypic ratio would be expected from a testcross of an F1 snapdragon?


(c) Suppose the white phenotype is now lethal. What phenotypic ratio would be expected from a cross between F1 individuals? 
Answer: 


(a) R = red, r = pink; w/w exhibits recessive epistasis when homozygous recessive.


P: R/R ; W/W (red)  r/r ; w/w (white)


F1: R/r ; W/w (red)


F2: R/ ; W/ (red), r/r ; W/ (pink), / ; w/w (white)


(b) R/r ; W/w  r/r ; w/w  1/4 R/r ; W/w (red), 1/4 r/r ; W/w (pink), 1/4 R/r ; w/w (white), 1/4 r/r ; w/w (white) or 1 red:1 pink:2 white


(c) 
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9.
The following four crosses all apply to diploid organisms. Assume that all the parents are true-breeding. You are given the phenotypes of the parental generation and the phenotypic ratio of the F2 generation. You must supply the following information:



1) genotypes of the parents



2) the phenotypic ratio expected for a testcross of the F1



3) a diagram of the chromosomes of the F1 in crosses (c) and (d) at metaphase I


Define your symbols.


(a)
P cross
Genotypes
Phenotypic
Testcross of F1




of parents
ratio
(phenotypic ratio)



–––––––––––––––––––––––––––––––––––––––––––––



Brown  red
Brown ______
9 red-brown
______





3 red
______




Red ______
3 brown
______





1 white
______


(b)
P cross
Genotypes
Phenotypic
Testcross of F1




of parents
ratio
(phenotypic ratio)



–––––––––––––––––––––––––––––––––––––––––––––



Red  tall
Red ____
1 red, tall
______





2 red,
______





intermediate




Tall ____
2 pink, tall
______





4 pink
______





intermediate





2 pink, short





1 white, tall





2 white,





intermediate





1 white, short





(c)
P cross
Genotypes
Phenotypic
Testcross of F1




of parents
ratio
(phenotypic ratio)



––––––––––––––––––––––––––––––––––––––––––––––



albino1
albino 1____
9 wild-type
______





7 albino
______



albino2
albino 2 ____


Diagram the chromosomes at metaphase I. Give all possible arrangements of the bivalents. Assume there is no crossing over between genes and centromeres.


(d)
P cross
Genotypes
Phenotypic
Testcross of F1




of parents
ratio
(phenotypic ratio)



–––––––––––––––––––––––––––––––––––––––––––––



Black
black ____
9 black
______





3 brown
______



albino
albino ____
4 albino
______


Diagram the chromosomes at metaphase I. Give all possible arrangements of the bivalents. Assume there is no crossing-over between genes and centromeres. 
Answer: 


(a)P cross
Genotypes
Phenotypic
Testcross of F1



of parents
ratio
(phenotypic ratio)



–––––––––––––––––––––––––––––––––––––––––––––––––


Brown  red
Brown b/b ; R/R
9 red-brown
1 red-brown





3 red
1 red



Red B/B ; r/r
3 brown
1 pink short





1 white
1 white


b = brown


r = red


(b)P cross
Genotypes
Phenotypic
Testcross of F1



of parents
ratio
(phenotypic ratio)



––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––


Red  tall
Red R/R ; t/t
1 red, tall
1 pink, 





intermediate




2 red,
1 white,




intermediate
intermediate



Tall r/r ; T/T
2 pink, tall
1 pink, short




4 pink,
1 white, short




intermediate




1 red, short


R = red, r = white

2 pink, short


T = tall, t = short

1 white, tall




2 white,




intermediate




1 white, short


(c)P cross
Genotypes
Phenotypic
Testcross of F1



of parents
ratio
(phenotypic ratio)



–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––


albino 1
albino 1 a/a ; B/B
9 wild-type
1 wild-type


    


7 albino
3 albino


albino 2
albino 2 A/A ; b/b


a = albino 1


b = albino 2


[image: image6.png]Q

Q

or

Q

Q







(d)P cross
Genotypes
Phenotypic
Testcross of F1



of parents
ratio
(phenotypic ratio)



–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––


Black
black B/B ; C/C
9 black
1 black


    


3 brown
1 brown




4 albino
2 albino


albino
albino b/b ; c/c




B = black, b = brown


C = color, c = albino
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10.
In Drosophila two genes affecting body color are known. A mutant allele at one locus prevents the formation of granules on which pigment is laid down. An absence of these granules causes an albino. Another gene causes the color (the pigment involved) to be blood-red. True-breeding albino males were crossed to true-breeding blood-red females. All males and females in the resulting F1 generation were wild-type in appearance. Two F1 flies were intercrossed, producing a large F2 generation, with the following phenotypes:



Phenotypes
Observed numbers
Expected ratio



Wild-type female
39
____

Blood female
8
____




Wild-type male
13
____



Albino male
17
____



Blood male
3
____



Total:
80
16


(a) What are the genotypes of the parents and the F1?


(b) Given the F1 genotypes in part (a), fill in the expected phenotypic ratio for the F2 in the spaces above.


(c) Use the Chi square test to determine how well the observed ratio fits the expected ratio. 
Answer: 


(a)
Parents:
male a/Y ; b+/b+
female a+/a+ ; b/b



F1:
male a+/Y ; b+/b
female a+/a ; b+/b


(b)
Phenotypes
Observed numbers
Expected ratio



Wild-type female
39
6

Blood female
8
2




Wild-type male
13
4



Albino male
17
3



Blood male
3
1



Total:
80
16


(c) 2 = 15.867; df = 4. At alpha = 0.05, the critical 2 is 9.488; therefore, you can reject the null hypothesis that the observed values fit the expected model. 

11.
Consider the following types of interaction:



Allelic interaction
Intergenic interaction



Complete dominance
Recessive epistasis

Incomplete dominance
Dominant epistasis





Complementary gene action




Suppression




Duplicate genes


(a) In wheat, a cross between red-kernel and white-kernel strains yielded F1 offspring with red kernels. When the F1 were intercrossed, the F2 plants had a ratio of 15 red-kernel:1 white-kernel. A testcross of the red-kernel plants yielded 3 red-kernel:1 white-kernel.



(1) What are the parental genotypes?



(2) What are the F2 genotypes and phenotypes?



(3) What conclusions can be made about the allelic and gene interactions?


(b) Snapdragons with red, normally shaped flowers are mated with plants with white, abnormally shaped flowers. In the F1, all the flowers are pink and have normal shape. The F1 intercross yields the following F2:




3/16
red, normal




6/16
pink, normal




3/16
white, normal




2/16
pink, abnormal




1/16
red, abnormal




1/16
white, abnormal



(1) What are the parental genotypes?



(2) What are the F2 genotypes and phenotypes?



(3) What conclusions can be made about the allelic and gene interactions?


(c) Certain recessive genes cause profound deafness, and individuals homozygous for such genes are occasionally found in high frequencies among extended families in small, isolated communities. The mutations originated in individuals several generations in the past, and became homozygous through marriage among relatives. A deaf man and a deaf woman from two different communities, each having deaf parents, had three children, all of whom had normal hearing.



(1) What are the parental genotypes?



(2) What conclusions can be made about the allelic and gene interactions?


(d) Neurospora is a filamentous fungus normally having fluffy, orange masses of asexual spores called conidia. Two mutant strains, one having albino (white) conidia, and the other lacking conidia entirely (aconidial), were mated. Their progeny were as follows: 82 normal, 86 albino, and 166 aconidial.



(1) What are the parental genotypes?



(2) What are the progeny genotypes and phenotypes?



(3) What conclusions can be made about the gene interactions? 
Answer: 


(a) 
(1) A/A ; B/B (red)  a/a ; b/b (white)



(2)
1 A/A ; B/B
1 A/a ; b/b



2 A/a ; B/B
2 A/a ; b/b
15 red



2 A/A ; B/b
1 a/a ; B/B



4 A/a ; B/b
2 a/a ; B/b



1 a/a ; b/b


1 white



(3)
A is completely dominant to a.



B is completely dominant to b.



Gene interaction: duplicate genes.


(b) 




(1) A/A ; B/B (red, normal)  a/a ; b/b (white, abnormal)


(2)
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(3)
A (red) is incompletely dominant to a (white).



B is completely dominant to b.



No gene interaction.


(c) 
(1) a/a ; B/B  A/A ; b/b



(2) 
A is completely dominant to a.



B is completely dominant to b.



Gene interaction: complementary gene action.


(d) (1) a/B  A/b


(2)
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(3) Recessive b is epistatic to A and a. 


12.
Agouti mice have a subapical yellow band in their hair causing a “mousy” gray coat color. The absence of the wild agouti pattern is called nonagouti. (These animals lack the yellow band, and their coats appear all black.) When mice of a true-breeding agouti strain are crossed with nonagouti, the F1 are all agouti, and in the F2 three agoutis appear to one nonagouti. Diagram this cross, letting A = agouti and a = nonagouti, and give parental phenotypes, genotypes, and gamete types, and F2 genotypes and phenotypes. 
Answer: Parentals: A/A (agouti) and a/a (nonagouti)
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F2: 1/4 A/A and 1/2 A/a [= 3/4 agouti and 1/4 a/a (nonagouti)] 

13.
Another inherited color deviation in mice substitutes brown for the black color in the wild-type hair. Brown-agouti mice are called cinnamons, a good descriptive term for their color. When wild-type mice (gray) are crossed with cinnamons, the F1 are all wild-type and the F2 consist of three wild-type to one cinnamon. Diagram this cross as in question 12, letting B = the black of the wild-type and b = the brown of the cinnamon. 
Answer: Since all mice here are A/A, the B/b gene is all that needs to be considered. It behaves like A/a in question 2. B/B and B/b are wild-type and b/b (in the A/A background) are cinnamon (brown-agouti). 

14.
When mice of a true-breeding cinnamon strain are crossed to mice of a true-breeding nonagouti strain (black), the F1 are all wild-type. Explain the “reversion” to wild-type by means of a genetic diagram.
Answer: A/A ; b/b (cinnamon) × a/a ; B/B (nonagouti, black)  A/a ; B/b F1. Two independent dominance relationships are seen here; agouti over nonagouti hair pattern (in A/a), and black over brown (B/b) hair color. 

15.
In the F2 of the cross in question 14, besides the parental types (cinnamon and nonagouti black) and the wild-type of the F1, a fourth color, called chocolate, shows up. Chocolates are a solid, rich-brown color. What do the chocolates represent genetically?
Answer: Of the F2 from intercrosses of A/a ; B/b, some nonagouti brown (a/a ; b/b) might be expected. These are called the chocolate mice. 

16.
Assuming that the A/a and the B/b allelic pairs assort independently of each other, what would you expect to be the relative frequencies of the four color types in the F2? Diagram the crosses of questions 14 and 15 showing phenotypes, genotypes, and gametes. 
Answer: From A/a ; B/b intercrossed, we expect 9/16 wild-type (A/– ; B/–), 3/16 nonagouti black (a/a ; B/–), 3/16 cinnamon (A/– ; b/b), and 1/16 chocolate (a/a ; b/b).
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17.
What phenotypes, and in what proportions, would be observed in the progeny of a backcross of the F1’s in question 14 to the cinnamon strain? To the nonagouti-black strain? To the chocolate strain? Diagram these backcrosses. What colors would result and in what proportions? 
Answer: 
       A/– ; B/b
      A/– ; b/b


A/a ; B/b × A/a ; b/b  1 wild-type : 1 cinnamon



     A/a ; B/–
         a/a ; B/B


A/a ; B/b × a/a ; B/B  1 wild-type : 1 nonagouti



   A/a ; B/b
        A/a ; b/b
       a/a ; B/B
     a/a ; b/b


A/a ; B/b × a/a ; b/b  1 wild-type : 1 cinnamon : 1 black :     1 chocolate 

18.
When rabbits showing an inherited anomaly of the white blood cells (Pelger anomaly) were mated with rabbits from a true-breeding normal stock, among the offspring there were 218 showing the Pelger anomaly and 237 normal. What appears to be the genetic basis of the Pelger anomaly?
Answer: The 1:1 ratio in a diploid system is expected of a testcross; specifically, a heterozygote × a homozygous recessive. Since the normal strain is true-breeding, it must be the homozygous recessive, and the Pelger anomaly is the phenotype of a heterozygote carrying a dominant or incompletely dominant mutant allele. 

19.
When rabbits with the Pelger anomaly were mated to one another, there were 223 normal progeny, 439 with the Pelger anomaly, and 39 extremely abnormal progeny. Besides having defective white blood cells, these very abnormal progeny showed severe deformities of the skeletal system, and almost all of them died soon after birth. What (in genetic terms) do you suppose these extremely defective rabbits represented? Why do you suppose that there were only 39 of them?
Answer: If the Pelger anomaly is the phenotype of a heterozygote, P/p, then P/p × P/p should yield a progeny genotype ratio of 1P/P:2P/p:1p/p. Further, if P/P is different from P/p in phenotype, there would be three phenotypes. The last expectation is realized, but the progeny ratio is distorted by the low survival rate of the P/P genotype. The other two genotypes (= phenotypes here) fit the expected 2:1 ratio of the remainder of the population. Incidentally, they do not fit a 3:1 ratio of a monohybrid involving a simple dominant. The data in this problem indicate that P is most accurately described as an incompletely dominant allele. 

20.
An arginine-requiring strain of Neurospora is crossed to a wild-type (prototrophic) strain.


(a) In the first cross, half of the progeny are arginine-requiring and half are wild-type. What does this tell you about the genetic basis of the arginine-requiring mutant?


(b) In the second, the progeny are 83 arginine-requiring and 13 wild-type. The germination percentage of ascospores is 95–100%. Explain these results simply, and tell briefly how you would confirm your explanation. 
Answer: 



(a) The arginine mutant results from a mutation at one gene. Two alleles: mutant and wild-type.



(b) In a haploid, failure to get 1:1 segregation for a character, without inviability of one class, makes one consider 2- and 3-gene models. If the arg parent were carrying two mutations in the same path, and they assorted independently, the cross (a/b × a+/b+) would yield four progeny types, only one being able to grow without arginine. In the present case, three genes seem to be assorting (independently), since only 1/8 (13/100) are prototrophic. 

21.
Twelve uridine-requiring Neurospora mutants (a–l) were isolated after ultraviolet irradiation. Complementation testing was done with the following results, where 0 denotes no growth and + denotes growth of the heterokaryon on minimal medium:
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Testing for the accumulation of intermediates in the pathway gave the following results, where the intermediate compounds are numbered 1 through 4:


Compound
Mutants




a
b
c
d
e
f
g
h
i
j
k
l


1

0
0
+
0
0
+
0
0
+
+
0
0


2

0
0
+
0
0
0
0
0
+
0
0
0


3

0
0
+
0
0
0
0
0
+
+
0
0


4

0
0
0
0
0
0
0
0
+
0
0
0


(a) How many different genes are represented among the twelve mutants? Group the mutants according to allelism.



(b) What is the probable order of compounds in the biosynthetic pathway?


(c) Which genes affect which steps of the pathway?
Answer: 

(a) Five; a, b, d, e, g, h, k, l all affect one gene. Mutations c, f, i, j affect four distinct genes, all different from the first.


(b) 1  3  2  4  uridine


The order of compounds is determined from accumulation phenotypes, not growth phenotypes.


(c) In the above sequence, the gene represented by mutation a blocks before compound 1, f between 1 and 3, j between 3 and 2, c between 2 and 4, and i between 4 and uridine. 

22.
Pure-breeding (homozygous) strains of two mutant panthers were developed in different zoos.  Neither mutant makes hair pigment, so the hair is transparent and the fur appears to be pink. The normal fur color of panthers is black. When each mutant was crossed to homozygous black panthers, the F1 were black. The mutants were called pink-1 (pk1) and pink-2 (pk2) for convenience, but it was not known whether they were mutations of the same gene, or if they were mutations of different genes. In addition, it wasn’t known if they were sex-linked or autosomal, linked or unlinked.


Help these zookeepers and write out the expected phenotypic ratios for the males and females in the F1 generation and F2 generation (intercross) of a cross between pk1 females and pk2 males according to two alternative sets of assumptions.



Parents:
pk1 female
x
pk2 male



|



v



F1   x   F1



|



v



F2


a)
Assume that the mutations are allelic and X-linked. For each blank below, what 



phenotypes, and in what ratios should the zookeepers expect?



F1 females:__________________
F1 males:___________________



F2 females:__________________
F2 males:___________________


b)
Assume that the mutations are nonallelic, autosomal and assort independently. For 



each blank below, what phenotypes, and in what ratios, should the zookeepers expect?



F1 females:__________________
F1 males:___________________



F2 females:__________________
F2 males:___________________
Answer: 


(a)
F1 females: all pink; F1 males: all pink



F2 females: all pink; F2 males: all pink 


(b)
F1 females: all black; F1 males: all black



F2 females: 9 black to 7 pink; F2 males: 9 black to 7 pink
