Challenge Problem Set #4
1. A. 

The restriction enzyme EcoR1 is at three places on the circular DNA.  Since it is at three places, when cut, it will result in 3 segments.  The sizes of these segments will be 500bp, 900bp and 1000bp.  Three segments of that length can be found in the gel named b.

B.
       The restriction enzyme Sal1 is at two places on the circular DNA.  Since it is at two places, when cut, it will result in 2 segments.  The sizes of these segments will be 800bp and 1600bp.  Two segments of that length can be found in the gel named c.
C.
       The restriction enzymes are at several places on the circular DNA.  When cut, it will result in 6 segments.  The sizes of these segments will be 200bp, 300bp, 300bp, 500bp, 500bp and 600bp.  There are segments of the same length.  These segments will overlap and form a really dark band.  This phenomenon can be found in the gel named d.
[image: image1.png]





2. A.


HindIII = 2.5kb, (3+2) kb

SmaI = (2.5+3) kb, 2 kb

B.
 






3.                            Sophie’s hair is an interesting combination.  She has individual strands of hair of multiple colors.  She has white, black, and brown colored hair.  Why does she have so many colors?  To answer this question, one must turn to genetics.
There is a phenomenon called Barr bodies.  Barr bodies explain the coloring of calico cats, which are always females.  Females have two X chromosomes in every cell, but, at any given time, only one X chromosome is expressed.  If both were expressed, their purpose would be defeated because they would just contradict each other since there are different genes on the X chromosome.  Since only one X chromosome is expressed, only the genes on that chromosome are expressed.  If a parent has genes coding for black hair and another has genes coding for brown hair, the female offspring would have half black and half brown hair.  However, the female’s body wouldn’t be symmetrically black and brown.  The inactivation of the X chromosome is random so random patches of the offspring will be black or brown, as in Sophie’s case.  It is important to note that Sophie (or the offspring) has to be heterozygous for the color in question.  If not, then, though one X chromosome will be randomly inactivated, the body color would stay the same because the offspring is homozygous (or has two copies of the same gene).  Also, Barr bodies cannot occur in males because they only have a single X chromosome to begin with.  Calico cats which are males are very hard to find because they are the result of a nondisjunction during meiosis and have the genotype XXY.
Now, for her white fur, one must look at the phenomenon of epitasis.  This occurs when two genes code for the same attribute.  On pair of genes dictate the color, in Sophie’s case it is brown or black.  The other pair of genes dictates whether the color is even expressed.  This second pair of genes can prevent the color from appearing.  Let B stand for black and b stand for brown.  Let P stand for pigment and p stand for no pigment.  No matter what combination of Bs or bs are present, if the offspring has pp, then no pigment will be produces and the offspring will be white.  Sophie must have BbPp on her two X chromosomes.  This ensures that she will have some white spots where p is expressed.  She will have black spots where BP is expressed and brown spots where bP is expressed.
Sources: 

Tissot, R. (n.d.). Chromosomal Inheritance: Sex-linked Abnormalities. Retrieved December 21, 2008, from University of Illinois Web site: http://www.uic.edu/classes/bms/bms655/les son10.html. 

4. A. 
       The mode of inheritance is sex linked because males predominantly have it.  Males only have one X chromosome, so they have much higher chances of attaining this disease.

B.
       Note: Let XD mean have the gene for the disease.

                              Let Xd mean not having the gene for the disease.

	Generation
	Individual
	Genotype
	Affected?

	I
	1
	XdY
	No

	
	2
	XDXd
	Carrier

	II
	1
	XdXd
	No

	
	2
	XDY
	Yes

	
	3-1
	XDXd
	Carrier

	
	3-2
	XdXd
	No

	
	4
	XdY
	No

	
	5
	XDXd
	Carrier

	
	6
	XdY
	No

	III
	1
	XdXd
	No

	
	2
	XdY
	No

	
	3
	XDXd
	Carrier

	
	4
	XDXd
	Carrier

	
	5
	XdY
	No

	
	6
	XdXd
	No

	
	7
	XDY
	Yes

	
	8-1
	XDXd
	Carrier

	
	8-2
	XdXd
	No

	
	9
	XdY
	No


C.
       The first couple (III-1 and III-2) has the genotype XdXd and XdY.  Their pedigree would look like:
                  Xd            Y
	XdXd
	XdY

	XdXd
	XdY






This family will have no problems with this disease.  Since neither parent has the disease nor carries it, their children will be safe from the disease.  I would advise them to go ahead!

The second couple (III-4 and III-5) has the genotype XDXd and XdY.  Their pedigree would look like:

                  Xd            Y
	XDXd
	XDY

	XdXd
	XdY






This family will have some problems with this disease.  Since the mother carries it, their children will not be completely safe from the disease.  They have a 50% chance of their children to be affected.  If they have a boy, he has 50% chance of having the disease.  If they have a girl, she has 50% chance of carrying the disease like her mother. I would advise them to proceed with caution.
The third couple (III-6 and III-7) has the genotype XdXd and XDY.  Their pedigree would look like:

                  XD            Y
	XDXd
	XdY

	XDXd
	XdY






This family will have some problems with this disease.  Since the father has the disease, their children will not be completely safe from the disease.  If they have a girl, she is guaranteed to be a carrier.  She may pass this disease to her future children (this couple’s grandchildren).  If they have a boy, he will be unaffected.  I would advise them to proceed with caution.
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