Sex Linkage

In the early 1900's, the American Biologist Nettie Stevens discovered the existence of sex chromosomes in the mealworm and fruit fly. She noticed that males and females carry a unique pair of chromosomes that determine their sex. You will now explore the inheritance of traits whose genes are located on these sex chromosomes.

In this inquiry you will experiment with flies. In the flies, the allele for red eyes, "A", is dominant to the allele for white eyes, "a".

Purebred individuals for these trait variations will be used to set up two "reciprocal crosses".

Fly Couple #1 Male (white eyes) Female (red eyes)

Fly Couple #2 Male (red eyes) Female (white eyes)

Question #1: For couple #1, what would you predict the genotypes (allelic constitution; need to use letters to receive full credit) and phenotypes of the offspring to be?

Observed results: (Couple #1)
1000 red eyes

0 white eyes
Question #2: How does the observed results match your predicted results?

Now consider the second, reciprocal cross (Fly Couple #2, red-eyed male and white-eyed female).

Question #3: What would you predict the phenotypic ratio of this cross to be?

Observed results: (Couple #2)
500 females with red eyes

500 males with white eyes
Question #4: How does the observed results match your predicted results?

Question #5: What is puzzling about the two reciprocal crosses?

For couple #1, the P X P cross.

Observed results: (Couple #1)
1000 red eyes

0 white eyes
The F1 X F1 cross yields:
Observed results: (F2 from Couple #1)
500 females with red eyes

250 males with white eyes
250 males with red eyes
Question #6: What are the F2 observed phenotypes and the phenotypic ratio?

Question #7: How does the observed ratios match the expected ratios?

Morgan was puzzled with the results. But he recalled the work of Stevens and others on the sex chromosomes. In addition to the "regular" (so-called "autosomes"), there is a special pair of chromosomes in fruit flies which determines sex.

These chromosomes are known as X and Y. (The Y chromosome is structurally different and carries very few genes.) Males are XY and females are XX.

Assuming that these sex chromosomes segregate from each other during the formation of the sex cells (meiosis), one can calculate the expected sex chromosome composition of the offspring, using a Punnett Square.

Question #8: Complete a Punnett Square for a cross between a male (XY) and a female (XX).

Question #9: What is the ratio of male (XY) to female (XX) offspring?

Question #10: Which parent(s) gives the X chromosome to female offspring?

Question #11: Which parent(s) gives the X chromosome to male offspring?

Morgan thought he might be able to explain the unusual results of eye color in the F2 generation in terms of the sex chromosome.

Question #12: Could it be that the gene for eye color is located on the X chromosome? In other words, could it be linked to the X chromosome? Yes or No! Why?
Question #13: If you are a genetic counselor, why is it important to know whether a trait is sex-linked or on an autosome if you are counseling a couple who is concerned about the chances of having a child with a lethal genetic disease? You need to specifically describe the parents and to present predicted phenotypic F1 ratios in order to receive full credit!).
Question #14: In humans, the sex of the offspring is determined by the:

a. Autosomes carried by the egg cell

b. Autosomes carried by the sperm cell

c. Sex chromosome carried by the egg cell
d. Sex chromosome carried by the sperm cell

e. Cytoplasm carried by the egg cell

Question #15: Traits controlled by sex-linked recessive genes are expressed more often in males because:


a.
Males inherit these genes from their fathers


b.
Males are always homozygous for these genes


c.
All male offspring of a female carrier get the gene


d.
The male has only one gene for the trait

e.
Males get more doses of the recessive gene than do females
Question #16: A recessive allele on the X chromosome causes colorblindness. A non-colorblind woman (whose father is colorblind) marries a colorblind man. What is the chance their son will be colorblind? (show work)
Question #17: A man who carries a harmful sex-linked (on the X chromosome) gene will pass the gene on to:

a.  All of his daughters

b.  Half of his daughters

c.  Half of his sons


d.
All of his sons


e.  All of his children
NOTE: Please show all work to support your answers.

 

