
MAT 17C - DISCUSSION #10

BAYES FORMULA & GENETIC COUNSELING

(Based on Neuhauser, pp 686 -689)

Hemophilia is a blood disorder that is characterized by a deficiency of a blood clotting factor.

Individuals afflicted with this disease suffer from excessive bleeding. The disease is caused by an

abnormal gene that resides on the X chromosome. A female who carries the abnormal gene on one of

her X chromosomes, but not on the other, is a carrier of the disease but will not develop symptoms.

A male who carries the abnormal gene on his (only) X chromosome will develop symptoms of the

disease. Almost all symptomatic individuals are males. Both the British and Russian royal families

of the 19th and 20th centuries were afflicted by the disease.

In what follows, we assume that only one parent carries the abnormal gene. If the father carries

the abnormal gene (and thus suffers from hemophilia), all his daughters will be carriers, since they

inherit their father’s X chromosome; but all his sons will be disease free, since they inherit their

father’s Y chromosome. If the mother carries the abnormal gene, then her daughters have a 50%

chance of being carriers and her sons have a 50% chance of suffering from the disease.

Pedigrees of families show family relationships among individuals and are indispensable tools for

tracing diseases of genetic origin. In a pedigree, males are denoted by squares, females by circles;

blackened symbols denote individuals who suffer from the disease that is tracked by the pedigree.



Problem 1

Figure 1 shows an example of a pedigree for a family in which one male (the black square) suffers

from hemophilia. We will use this pedigree to determine the probability that individual B is a

carrier of the disease given that all three sons of A and B are disease free.

Figure 1: The pedigree of a family in which one member suffers from hemophilia. Squares indicate

males; circles indicate females. The filled square shows an afflicted individual.

(i) The pedigree indicates that B has a hemophilic brother. What does this imply about B’s mother?

(b) (ii) Suppose we denote the event that B is a carrier by “C”. What is the probability that B is

a carrier, i.e. P (C)? What is the probability that B is not a carrier, i.e. P (CC)?



(iii) Suppose that B has a son with an unaffected male (A) and we denote the event that a son is

healthy (disease free) by “F”. What is the probability that the son is healthy assuming that B is

a carrier, P (F |C)? What is the probability that B has a healthy son with an unaffected male (A)

assuming that she is not a carrier, P (F |CC)?

(iv) Note that, according to the pedigree, B has three healthy sons with an unaffected male (A). Let’s

denote this event as “3F”. What was the probability of this occurring if B is a carrier, P (3F |C)?

What was the probability of this occurring if B is not a carrier, P (3F |CC)? (Assume that the

events of each son being healthy are independent).



We have the probability that B has three healthy sons given that she is a carrier, P (3F |C), but we

want to know the probability that B is a carrier of the disease given that all three sons of A and B

are disease free, P (C|3F ). ... we can use Bayes formula to compute this second probability,

P (C|3F ) =
P (3F |C)P (C)

P (3F )

To compute the denominator P (3F ), we must use the law of total probability. The sample space is

partitioned into two sets – C and CC . That is, whether or not B is a carrier, the probability of the

event that all three sons are healthy (3F ) is

P (3F ) = P (3F |C)P (C) + P
(
3F |CC

)
P (CC).

(v) Now we are ready to answer the original question:

On the basis of the pedigree, what is the probability that B is a carrier of the gene

causing hemophilia given that none of her three sons is symptomatic for the disease?



Problem 2

Suppose a woman has a hemophilic brother and one healthy son. Furthermore suppose that neither

her mother nor her father were hemophilic.

(a) Draw a diagram of the pedigree of the family.

(b) Find the probability that she is a carrier of the hemophilia gene.


