Extensions of Mendelian Genetics
1 Explain why calico cats are almost always female, and why they have a patchy distribution of orange and black fur.

2 How many Barr bodies would you expect to see in human cells containing the following chromosomes?

a. XX

b. XO

c. 
XXXX
3.
In the eastern mosquito fish (Gambusia affinis holbrooki), which has XX-XY sex determination, spotting is inherited as a Y-linked trait.  The trait exhibits 100% penetrance when the fish are raised at 22oC, but the penetrance drops to 42% when the fish are raised at 26oC.  A male with spots is crossed with a female without spots and the F1 are intercrossed to produce the F2.  If all the offspring are raised at 22oC, what proportion of the F1 and F2 will have spots?  If all the offspring are raised at 26oC, what proportion of the F1 and F2 will have spots?

4.
Explain how dominance and epistasis differ.
5.
A dog breeder liked yellow and brown Labrador retrievers.  In an attempt to produce yellow and brown puppies, he bought a yellow male and a chocolate female and mated them.  Unfortunately, all the puppies produced in this cross were black.  Explain the result.
6.
What are continuous traits?
Answers to Extension of Mendelian Genetics

1. The orange and black patterns are encoded by alleles at an X-linked locus called the O locus (The white patches in calico cats are due to an allele at an autosomal locus, which prevents pigment formation).  The O locus has two common alleles affecting coat color: one allele results in an orange coat color, the other in a black coat color.  Because a normal male has only one X chromosome, he has either the orange or the black allele. 
Female cats that are heterozygous have a random calico patchwork pattern of orange and black coloration.  The orange and black patches result from X-chromosome inactivation during early embryonic development.  Each cell of the early embryo randomly inactivates one the two X chromosomes, and the inactivation is maintained in all of the daughter cells.  So, each patch of black fur arises from a single embryonic cell that inactivated the orange allele, and each patch of orange fur arises from an embryonic cell that inactivated the black allele.  


(note: Your book says the black patches are due to an allele at an autosomal 
locus.  From everything else that I have read, I believe this is an error.)   
2.
a.
1


b.
0


c.
3


Human cell inactivate all X chromosome beyond one.  The Y chromosome has 
no effect on X-inactivation.

3. Y-linked genes are passed on from father to son, and females are always unaffected.  Genotypes and ratios:



P
XYS (spotted male) x XX (female without spots)



F1
½  XX (females without spots)




½  XYS (spotted males)



Fs
same as F1 



At 22o (100% penetrance), all males will have spots in the F1 and F2


At 26o (42% penetrance), 42% of males will have spots in the F1 and F2
4. Dominance is a gene interaction of two alleles at a single locus, in which the phenotype that is expressed in homozygotes and heterozygotes is the dominant allele.  Epistasis results from the interaction of two or more loci, in which a gene at one locus alters the phenotypic expression of a gene at a second locus.
5. Labrador retrievers vary in two loci, B and E.  Black dogs have dominant alleles at both loci (B_E_), brown dogs have bbE_, and yellow dogs have B_ee or bbee.  Since all the puppies were black, they must all have inherited a dominant B allele from the yellow parent, and a dominant E allele from the brown parent.  The brown female parent must have been bbEE, and the yellow male must have been BBee.  The black puppies were all BbEe.  

6. Continuous traits, also called quantitative traits, exhibit many phenotypes with a continuous distribution. They result from the interaction of multiple genes (polygenic traits).
