BIOL 1406 Discussion Questions: Patterns of Inheritance
1. A woman with blood type O has a child with blood type O. She claims that a friend of hers is the child's father. In the ABO system, IA and IB are both dominant to i and are codominant to each other. 

a.
Her friend’s blood type is A. Can he be excluded as the father on this evidence alone?

b.
Does the fact that the accused man's mother has type A and his father has type AB exclude him from being the parent?

c
Does the additional information that his mother's parents are both AB permit him to be excluded?
2. A couple who are both carriers of the gene for cystic fibrosis have two children who have cystic fibrosis. What is the probability that their next child will have cystic fibrosis? 
3.Suppose that you are heterozygous for two genes that are located on different chromosomes. You carry alleles A and a for one gene and alleles B and b for the other. Draw a diagram that illustrates what happens to these genes and alleles when meiosis occurs in your reproductive tissues. Label the stages of meiosis, the homologous chromosomes, sister chromatids, non-homologous chromosomes, genes, and alleles. Be sure to list all of the genetically different gametes that could form and how frequently each type should be observed. On the diagram, identify the events responsible for the principle of segregation and the principle of independent assortment.  

4.Your individual is male/female (choose one). Females are XX and males are XY. 
For simplicity, assume that the individual is diploid with 2n  6, including the sex chromosomes. On one pair of autosomes (the nonsex chromosomes), the individual is heterozygous for hair color (B  brown and dominant, b  blonde and recessive). On another pair of autosomes, the organism is heterozygous for hair structure (C  curly and dominant, c  straight and recessive). Assume further that the individual’s mother was homozygous dominant for both traits and the father was homozygous recessive for both.

a. Is your individual’s hair curly or straight? Brown or blonde?

b. What did the individual’s mother’s hair look like? What did the father’s hair look like?What chromosomes and alleles were in the egg and the sperm that gave rise to your individual?

c. From a single sex cell going through meiosis, how many daughter cells are produced?

5. A woman and her spouse both show the normal phenotype for pigmentation, but both had one parent who was an albino. Albinism is an autosomal recessive trait.  If their first two children have normal pigmentation, what is the probability that their third child will be an albino? 
6.
Three babies were recently mixed up in a hospital. After consideration of the data below, which of the following represent the correct baby/parent combinations?

7.How many different kinds of gametes can individuals with each of the following genotypes produce?

a.  AA

b.  aa

c.  Aa

d.  AaBB

e.  AaBb

f.  AaBbCC

g.  AaBbCc

h.  AaBbCcDdEeFf

8.
In mice, the allele for black fur is dominant to the allele for brown fur.  A biology student decides to mate a male homozygous black mouse with a female homozygous brown mouse.

A.
What percentage of the offspring do you predict will have black fur?

B.
What percentage of the offspring do you predict will be homozygous?

9.
In mice, the allele for black fur is dominant to the allele for brown fur.  If a male heterozygous black mouse is crossed with a female brown mouse, what percentage of the offspring do you predict will have black fur?

10.
In humans, brown eyes are dominant to blue eyes.  Suppose a blue-eyed man marries a brown-eyed woman whose mother has blue eyes.

A.
What proportion of the offspring do you expect will have blue eyes?

B.
What is the expected genotypic ratio among the offspring?

C.
What proportion of the brown-eyed offspring do you expect will be heterozygous?

11.
In humans, sickle-cell disease is caused by a single defective allele.  Two people without sickle-cell disease have a child who has this disease.

A.
Is the allele that causes sickle-cell disease dominant or recessive?  Explain your answer.

B.
What are the possible genotypes of the parents?

C.
What is the probability that their next child will also have sickle-cell disease?

12.
In pea plants, the allele for round seeds is dominant to the allele for wrinkled seeds.  At another gene locus, the allele for yellow seeds is dominant to the allele for green seeds.  These two allele pairs assort independently.  A plant breeder decides to cross two plants that are both heterozygous at both gene loci.

A.
What proportion of the offspring are expected to produce round seeds?

B.
What proportion of the plants that produce round seeds will also produce yellow seeds?

C.
What proportion of the offspring will produce round, green seeds?

D.
What is the expected phenotypic ratio among the offspring?

13.
In watermelons, the gene for green color is dominant over its allele for striped color.  At another gene locus, the gene for short shape is dominant over its allele for long shape.  These two allele pairs assort independently.  Suppose a plant with long, striped fruit is crossed with a plant that is heterozygous for both of these traits.

A.
What proportion of the offspring do you expect will be short and green?

B.
What proportion of the offspring do you expect will be long and green?

14.
In snapdragons, there is one allele that produces red flowers and another allele that produces white flowers.  Neither allele is dominant and heterozygous individuals have pink flowers.  A plant breeder decides to cross a red flowered snapdragon with a pink flowered snapdragon.

A.
What proportion of the offspring do you expect will have red flowers?

B.
What is the expected phenotypic ratio among the offspring?

C.
What proportion of the red flowered offspring do you expect will be homozygous?

15.
In rabbits there is a dominant gene “T” for long ears and its recessive allele “t” for short ears.  At another gene locus, there are alleles “B” for black coat and “W” for white coat.  Neither allele is dominant and BW produces a gray coat.  These two allele pairs assort independently.  A gray rabbit that is heterozygous at the gene locus controlling ear length is mated with a white rabbit that is also heterozygous at the gene locus controlling ear length.

A.
What is the expected phenotypic ratio among their offspring?

B.
What is the probability that their first offspring will be gray with long ears?

C.
What proportion of the long-eared rabbits will be homozygous for that trait?

16.
If two people who both have blood type AB get married,

A.
What is the probability that their first child will have blood type AB?

B.
What is the probability that their first child will have blood type A?

C.
What is the probability that their second child will have blood type A?

17.
At one gene locus in humans there are 2 alleles: one for curly hair and another for straight hair.  Neither allele is dominant, and heterozygous individuals have wavy hair.  At a second gene locus, 3 alleles control ABO blood type.   The alleles at these 2 gene loci assort independently.  A man with straight hair and A blood marries a woman with wavy hair and B blood.  Their first child has straight hair and O blood. 

A.
What is the probability that their next child will have straight hair?

B.
What is the probability that their next child will have straight hair and blood type O?

C.
What is the probability that their next child will have wavy hair and blood type AB?

D.
What proportion of the children with A blood are expected to be heterozygous for that trait?

18.
In rats, the allele for long whiskers is dominant to the allele for short whiskers.  At another gene locus, a dominant allele produces whiskers and the recessive allele does not produce whiskers.  The alleles at these 2 gene loci assort independently. Two rats that are heterozygous at both gene loci are crossed.

A.
What proportion of the offspring do you expect will have whiskers?

B.
What proportion of the offspring do you expect will have long whiskers?

     What proportion of the off spring do you expect will have short whiskers?
19. Using the terms below:


Option 1: Create a concept map using http://ctools.msu.edu/ctools/index.html

Option 2: Create a working model using materials provided



Be prepared to share with class

	diploid

2n/n
chromosome

chromatid

chromatin

centromere (kinetochore)

autosome

sex chromosome


	sex cell

autosome

crossing over

synapsis

recessive allele

dominant allele

genotype

maternal

paternal


	spindle

spindle fibers

nuclear membrane

nucleolus

phenotype

heterozygous

homozygous

law of segregation

law of independent assortment


20.  Two individuals have the genotypes AaBbCcDd.

a.
How many different types of gametes can each produce?
b. What are these gametes?

c. You set up a Punnett square using all the possible gametes for both individuals. How many “offspring squares” are in this Punnett square?

d. If you completed this Punnett square, how easy would it be to find all the “offspring squares” that contain the genotype AaBBccDd?

e. Given that the genes are all on separate pairs of homologous chromosomes, what other method(s) could you use to determine the probability of these individuals having any offspring with the genotype AaBbccDd?

21. In most organisms, there are characteristic sets of chromosomes within cell nuclei. Describe ways in which the kinds or numbers of chromosomes in the following cells differ from the usual situation and discuss the possible significance of these differences:


a) children whose cells have an extra autosome


b) cells from different members of a hive of honeybees


c) red blood cells in mammals


d) salivary gland cells in Drosophila


e) cells in tetraploid strains of wheat


f) gametes in humans containing extra sex chromosomes

Problem Set

While working in the lab late one night, you notice something about the mice that live behind the freezers: Most of the mice are black, but there are rare cases of white mice. You capture two white mice and two black mice, and breed black with black and white with white. You find that all of the offspring of the black mice are black, and all of the offspring of the white mice are white.

You find these strains to be pure or true breeding, that is to say all subsequent generations

resemble their parents with respect to fur color.

a) One of the white males gets tired of the local scene and sneaks out of his cage and into a cage full of black females. The next morning, you find him sleeping in the corner. After putting him back into his own cage, you notice that all 10 of the females in the cage are now pregnant!

Interestingly, all 100 offspring fathered by the white male are completely black. You think:

“Hmmmm, this could be explained if white coat color is a recessive trait. I’ll call the dominant coat color allele ‘B’ and the recessive allele ‘b’.” List all relevant genotypes and phenotypes of theoriginal parents, denoted P and the offspring, denoted F1.

b) In order to test your hypothesis, you take 10 pairs of the offspring (F1) from the above cross, and mate them to each other, to produce 100 new offspring (F2). If your hypothesis is correct:

i) What fur colors will you see in the F2 generation?

ii) What are the corresponding genotypes?

iii) Roughly how many mice of each genotype and phenotype do you expect to see of the

100 F2 progeny? Show your work.

c) Another student in the lab, who happens to be your academic rival, notices that all of the white mice from which the male in the P generation came have red eyes, while all of the black mice from the P generation have green eyes. Examining the F1 mice, he notices that they are all black, AND all have green eyes. He proclaims loudly that he has figured it out! The same mutation that causes white fur causes red eyes. Begrudgingly, you admit that it is a good idea.

If he is right, what are the genotypes and phenotypes of the F2 mice with respect to eye color and coat color?

d) Triumphantly, you realize that there is another explanation: There could be 2 separate recessive mutations on different chromosomes; one causing white coat color and one causing red eyes. You decide to call the allele causing red eyes ‘g’, and the allele causing green eyes ‘G’. If your hypothesis is correct:

i) What classes of genotype will you see in the F2 mice? List their corresponding phenotypes.

When the two of you stop bickering and go and check out the 100 F2 mice, you are both

shocked to find that neither of you predicted the right proportions! What you observe is

somewhere in between your two guesses. In order to relieve any ambiguity, you decide to

do a test cross. That is to say that you cross F1 females to males identical to the male

escapee in the P generation .

From this cross, you get:

46 mice with black fur and green eyes,

45 mice with white fur and red eyes,

4 mice with black fur and red eyes,

5 mice with white fur and green eyes

e. Propose a new theory as to what is most likely to be causing these strange proportions.

This material  created by or adapted from material created by MIT faculty members Professor Hazel Sive, Professor Tyler Jacks, Dr. Claudette Gardel, Introductory Biology, (2005). Copyright © 2005 Professor Hazel Sive, Professor Tyler Jacks, Dr. Claudette Gardel.
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Harry wants to buy his friend's parents some owls for their anniversary, but he doesn't
have a lot of money. He goes to the owl store anyways hoping to make an arrangement
with the owner. Turns out that a disgruntled employee managed to erase all of the
owner's computer files containing the genetic information of the extensive owl collection.
If Harry can help the owner associate each phenotype with a genotype, he gets all the
owls he wants.

a) Harry notices there are both gray and brown colored owls. If gray and brown hues are
determined by a single Mendelian locus what are all the genotypes that could correspond
to each of the two phenotypes if:
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(Use H as your symbol for the dominant trait allele
and h for the recessive trait allele.)

i) brown is dominant to gray?

ii) gray is dominant to brown?





[image: image2.png]b) Harry sets up following matings, which always result in the same ratios of offspring
indicated below.

i) Based on the results of all three crosses, and using the same symbols as on the
previous page, what are the genotypes for each of the parents and offspring? Write
clearly adjacent to each Fo parent or F class.

Fo gray x gray
Fi all gray
Fo brown x brown

|

F1 1gray: 2 brown

Fo gray x brown
Fi 1gray: 1 brown

ii) Explain the ratios seen in the offspring for each of the crosses in i).




[image: image3.png]Inadifferent and very cute species of owl, Harry notices that members of this species
emit two different noises which he names "loud” and “quiet”, and that they have either
smooth or rough eyelids. Harry sees a tank of very young owls, with no indication of who
the parents were.

a) Assuming all of these young owls come from the same mating pair and given the
following ratio of phenotypes that Harry tabulated below, what phenotype and genotype
were associated with the parents? Use N and n to denote the alleles for noise, and E and

e for eyelid textures.

17 loud and rough
loud and smooth
quiet and rough
quiet and smooth

N ooy o

b) Draw a Punnett square to show the genotypes of the young owls discussed in a) and
indicate which phenotypes correspond to these genotypes of the owls.
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Blood groups





I


A and A





II


A and B





III


B and O
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Blood groups
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B
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O





3


AB








