Chromosomal Basis of Inheritance Problems

1.
What is the most defining difference between males and females?


2.
What is the pseudoautosomal region? How does the inheritance of genes in 


this region differ from the inheritance of other Y-linked characteristics?

3.
What characteristics are exhibited by an X-linked trait?

4.
What are some of its characteristics that make Drosophila melanogaster a 
good model genetic organism?

5.
In Drosophila, yellow body is due to an X-linked gene that is recessive to the gene for gray body. 

a. 
A homozygous gray female is crossed with a yellow male. The F1 are intercrossed to produce the F2. Give the genotypes and phenotypes, along with the expected proportions of the F1 and F2 progeny.

b.
A yellow female is crossed with a gray male. The F1 are intercrossed to produce the F2.  Give the genotypes, phenotypes, and expected proportions of the F1 and F2 progeny. 
Answers 
1.
Males produce small gametes; females produce relatively larger gametes.
2.
The pseudoautosomal region is a region of similarity between the X and Y chromosomes that is responsible for pairing the X and Y chromosomes during meiotic prophase I. Genes in this region are present in two copies in males and females, so they are inherited like autosomal genes, whereas other Y-linked genes are passed on only from father to son.

3.
Females transmit X-linked traits to the offspring of both sexes.  Males pass X-linked traits only to their female offspring (not to their sons), and subsequently on to their grandsons.  Males show the phenotypes of all X-linked traits, regardless of whether the X-linked allele is normally recessive or dominant.
4.
Fruit flies have a relatively short generation time of about 10 days, and produce large numbers of progeny, with females producing 400 to 500 eggs in a 10-day period. They are easily and inexpensively cultured in the laboratory, and being small, require little laboratory space. Nevertheless they have a complex life cycle and morphology and are large enough that males and females are easily distinguished, and many morphological mutations may be observed with just a hand lens or dissecting scope. Drosophila melanogaster also has very large chromosomes in the salivary glands, which have facilitated cytological studies of chromosomes. At a molecular level, the relatively small genome of Drosophila, (180 million base pairs of DNA or only about 5% of the size of the human genome) has been completely sequenced, and techniques have been developed for easy genetic engineering of the Drosophila genome.

5a.
We will use X+ as the symbol for the dominant gray body color, and Xy for the recessive yellow body color. Male progeny always inherit the Y chromosome from the male parent and either of the two X chromosomes from the female parent. Female progeny always inherit the X chromosome from the male parent and either of the two X chromosomes from the female parent. 

F1 males inherit the Y chromosome from their father, and X+ from their mother; so their genotype is X+Y and they have gray bodies.  F1 females inherit Xy from their father and X+ from their mother; so they are X+Xy and also have gray bodies. 
When the F1 progeny are intercrossed, the F2 males again inherit the Y from the F1 male, and they inherit either X+ or Xy from their mother. Therefore, we should get ½ X+Y (gray body) and ½ XyY (yellow body). The F2 females will all inherit the X+ from their father and either X+ or Xy from their mother. Therefore, we should get ½ X+X+ and ½ X+Xy (all gray body).
To summarize: genotypes (phenotypes in parenthesis): 

P
X+X+ (gray female) × XyY (yellow male)

F1
½ X+Y (gray males) 

½ X+Xy (gray females) 

F2
¼ X+Y (gray males)


¼ XyY (yellow males)


¼ X+Xy (gray females)


¼ X+X+ (gray females)

The net F2 phenotypic ratios are ½ gray females, ¼ gray males, and ¼ yellow males.

I recommend using a Punnett square to solve this problem:
	
	X+
	Y

	X+
	X+X+ (gray females)
	X+Y (gray males)

	Xy
	X+Xy (gray females)
	XyY (yellow males)


5b
The yellow female must be homozygous XyXy because yellow is recessive, and the gray male, having only one X chromosome, must be X+Y. The F1 male progeny are all XyY (yellow) and the F1 females are all X+Xy (heterozygous gray). 




P
XyXy (yellow female) × X+Y (gray male)




F1
½ XyY (yellow males)





½ X+Xy (gray females)




F2
¼ X+Y (gray males)





¼ XyY (yellow males)





¼ X+Xy (gray females)




¼ XyXy (yellow females
