General Biology: Cells and Molecules

Summer 2002




Genetics Problems

1. Suppose you read in the newspaper that a genetic engineering laboratory has developed a procedure for fusing two gametes from the same parent (either two eggs or two sperm) to for a zygote (fertilized cell).  The article also mentions that an early step prevents crossing over from occurring during the formation of gametes (sperm or eggs) in the donor's body.  The researchers are in the process of determining the genetic make-up of one of their new zygotes.  Which of the following predictions do you think they would make? Justify your choice and explain why you rejected the other choices.

a. The zygote would have 46 chromosomes, all of which came from the gamete donor (its one parent), so the zygote would be genetically identical to the gamete donor.

b. The zygote could be genetically identical to the gamete donor, but it is much more likely that it would have an unpredictable mixture of chromosomes from the gamete donor's parents.
c. The zygote would not be genetically identical to the gamete donor but would be genetically identical to the parents of the gamete donor.

d. The zygote would not be genetically identical to the gamete donor but it would be genetically identical to one of the donor's grandparents.

2. All of the offspring of a white hen and a black rooster are gray.  The simplest explanation for this pattern of inheritance is:

incomplete dominance

3. Freckles are a dominant trait.  Nancy and Ian both have freckles but their daughter Celia does not.  Show with a Punnett Square how this is possible.  If Nancy and Ian have two more children, what is the probability that both of them have freckles?

The probability is ¾ x ¾ =  9/16 


I can’t make punnet squares with the computer!

4. Nancy and Ian also both have a widow's peak (also dominant trait) but their son Kevin does not.  What are the genotypes of Nancy and Ian?  What is the probability that their next child will have both freckles and a widow's peak?

The genotypes of Nancy and Ian must be heterozygous for the trait (Ww). 

The prob that their next child will have freckles and a widow’s peak is:


¾ x ¾ = 9/16

5. Incomplete dominance (or co-dominance) is seen in the inheritance of hypercholesterolemia, a disease which is characterized by high cholesterol levels.  Nancy and Ian are both heterozygous for this characteristic, and both have elevated levels of cholesterol.  Their daughter Katie has a cholesterol level 6 times the normal level.  What fraction of Nancy and Ian's children are likely to have elevated (but not extreme levels of cholesterol), like their parents?  If Nancy and Ian have one more child, what is the probability that the child will suffer from the more serious for seen with Katie?

2/4 will have elevated levels while ¼ will have the very high levels.

6. Given the cross shown below, what is the probability of getting plants which are White flowered, green pods, and Tall?

P=purple flower
p=white flower

Y=yellow pod

y=green pods

T=tall


t=short




PpYyTt 
x
ppYyTt

Show all your work!


White flowered: ½ 


Green pods: ¼ 


Tall plants: ¾ 


so, ½ x ¼ x ¾ = 3/32

7. A male cat has short hair, a stubby tail and extra toes.  A female cat has long hair, a long tail and extra toes.  The genes and alleles are as follows:

L=short hair

l=long hair

M=stubby tail

m=long tail

T=extra toes

t=normal number of toes

The two cats have kittens. One has long hair, a long tail and no extra toes.  Another has short hair, a stubby tail and extra toes.  The third kitten has short hair, a long tail and no extra toes.  What is the genotype of the male cat?  Show your work!


Ll Mm Tt x 
ll mm Tt


Male

Female

8. Normal, wild type fruit flies have red eyes.  You are examining a sex-linked recessive trait white eyes.  The gene for eye color is carried on the X chromosome. Suppose you performed the following cross: 


Female red eyes (homozygous)
x
Male white eyes


Indicate what the genotype and phenotype of the F1 and F2 generations would be.  What would happen if the genotypes of the Parents were reversed? SHOW ALL WORK!

In the F1 generation: Genotypes: Males XRY

Females: XRXr  
Phenotype – all have red eyes

IN the F2 generation: Genotypes: Males XRY and XrY
Females: XRXr  and XRXRPhenotype – ½ of males have red and ½ males have white eyes




½ of females have red and ½ females have white eyes

9. In pigeons, sex is determined by a Z and a W chromosome scheme (as opposed to X and Y seen in humans). Males are ZZ and females are ZW. A lethal, recessive allele that causes death of the embryo occurs on the Z chromosome in pigeons. What would be the sex ratio in the offspring of a cross between a male heterozygous for the lethal allele and a normal female?

The sex ratio would be: 2:1 males: females (because the genotype ZrW would be lethal).

10. Among cats, yellow eyes are dominant to blue eyes and dark coat color is dominant to white (albino) coat color.  

A. For each of the crosses given below, write the most probable genotype (or genotypes, if more than one answer is possible) for the parents.  20 pts

Let:
Y = yellow eyes

y = blue eyes


S =short hair


s = long hair

Parental Phenotypes

Phenotypes of Offspring







Short

Long

Short

Long



Yellow

Yellow

Blue

Blue

a. yellow short x yellow long

30

22

0

0

b. blue short x blue short

0

0

122

53

c. yellow short x blue short

46

0

26

0

d. yellow short x yellow short

242

68

41

49

a. YYSs or YySs x YYss
b. yySS or yySs x yySS
c. YySS x yySs

d. YySs x YySs

