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Glossary of Terms

Abstract: This module has been developed to teach Probability concepts through the study of Inheritance and Genetic Disease.  The Genetic information that is included is a critical component of the exercises. The background material that has been provided in the Teacher’s Guide is designed to be comprehensible, yet comprehensive in terms of the understanding required for successful facilitation of this module. The background information provided in the Student Materials section is very basic. It is the intention of the authors that the teacher will supplement this information and assist students in making connections between the Math and Biology concepts in each exercise. 

Audience: The exercises in this module are appropriate for students who have had a course in Biology and who are enrolled in one of the following Math courses: Algebra II, Pre-Calculus, Discrete Mathematics, or Statistics. Some of the problems are probably too rigorous for some of the younger students.  You should find enough to challenge even the best students.

Materials: This is a self-contained unit and requires no materials other than index cards.

Copyright Issues: 

Accuracy: Considerable effort has been made by the authors to present scientifically accurate information in the exercises.  In some cases the probabilities have been assumed without the benefit of statistical information.

Teacher’s Guide

Unit One: Conditional Probability
Time: One class period

Teacher Note: Students can do this on their own, in groups, or as a class. They should work the examples, and then follow with the exercises for homework. 

Definition: Conditional Probability is the probability of the occurrence of a certain event (E), if one has information about the occurrence of other event(s).  The additional information is helpful as a predictor of the desired event (E) only if the events are somehow related.

Formula:  The probability of an event E if the event A has occurred is the probability of A and E both happening divided by the probability of A.


[image: image2.wmf](

)

(

)

(

)

A

P

E

A

P

A

E

P

Ç

=


If A and E are independent events, then P(E|A) = P(E).  Recall that independence means that knowledge of the occurrence of A gives no information about the probability of the occurrence of E.

Homework:
Exercises follow the examples in the student section.

Unit Two: Genetic Inheritance and Probability

Time: One class period

Description: In this Unit, students will investigate probability by predicting the probable results of genotype pairings. For Exercise #3, the teacher should prepare Genotype Cards. On each card write a single genotype: homozygous dominant (AA), homozygous recessive (aa), or heterozygous (Aa).  Use different letters of the alphabet in each of these genotype combinations so students will have to find partners whose cards deal with the same trait as their own. Assessment through presentation and the discussion of implications of student findings for genetic counseling is encouraged. 

Background Information: Human beings have cells with 46 chromosomes: 2 sex chromosomes and 22 pairs of autosomal (non-sex) chromosomes. These chromosomes are composed of long DNA molecules combined with chromosomal proteins. Genes are defined as a section of the DNA molecules that code for a particular trait. 

The pairs of autosomal chromosomes (one from the mother and one from the father) carry basically the same information. Each has the same genes, but there are generally slight variations in the DNA sequence of nucleotide bases in each gene. These slight variations occur in less than 1% of the DNA sequence and produce different variations of a particular gene called alleles.  (MedlinePlus, http://www.nlm.nih.gov/medlineplus/ency/article/002052.htm)

The simplistic way to look at inheritance is to assume that these alleles carry coding for either Dominant (D) or recessive (d) expression of genetic traits.  Each individual in a parent generation contributes one allele to each member of the next generation, resulting in three possible genetic combinations called genotypes. The homozygous dominant genotype is composed of two alleles, each of which codes for the dominant expression of the trait (DD). The homozygous recessive genotype is composed of two alleles, each of which codes for the recessive expression of the trait (dd).  The heterozygous genotype contains one allele that codes for the dominant expression of the trait and one allele that codes for the recessive expression of the trait (Dd).


Autosomal diseases are inherited through the non-sex chromosomes, (pairs 1 through 22). Sex-linked diseases are inherited through one of the sex chromosomes, the X chromosome. Diseases are not inherited through the Y chromosome.

Recessive disease inheritance occurs when BOTH genes of a pair must be abnormal to produce disease. If only one gene in the pair is abnormal, the disease is not manifested or is only mildly manifested. However the abnormal gene can be passed on to the children. The probability of this is 50%. 

If only one abnormal gene produces disease, this is called a dominant hereditary disorder. The abnormal gene dominates the expression of the trait.  The probability that the disease will be manifestd in the next generation is dependent on whether the parents are heterozygous or homozygous dominant for the disorder.(MedlinePlus, http://www.nlm.nih.gov/medlineplus/ency/article/002052.htm)

The diagram below demonstrates a standard autosomal dominant inheritance pattern. In this case, only one parent is affected by the disorder (black). This parent is heterozygous for the disorder, that is, he/she contributes one dominant allele that codes for the disorder and one recessive allele that does not (Dd). The other parent contributes two recessive alleles that do not code for the disorder (dd). 
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WHITE: Does not display trait

BLUE: Displays trait




The affected individuals in the next generation have the heterozygous genotype (Dd) and display the disease. The other two individuals have the homozygous recessive genotype (dd) and are not affected by the disease.

The ratio of affected to non-affected individuals remains 1:1 in the next generation. This ratio represents a PROBABILITY, not an assurance of the result from this cross.  

The diagram below demonstrates a standard autosomal recessive inheritance pattern. In this case, neither parent is affected by the disorder. However, both parents are heterozygous, that is, they each contribute one Dominant allele that does not code for the disorder and one recessive allele that does. The single affected individual in the next generation has a homozygous recessive genotype (aa). Of the individuals in the next generation who are non-affected by the disorder, one has a homozygous Dominant genotype and two have a heterozygous genotype. The ratio of affected to non-affected individuals remains 1:3 in the next generation. This ratio represents a PROBABILITY, not an assurance of the result from this cross.  
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WHITE: Does not display trait

BLUE: Displays trait




Genes and Disease, NCBI, http://www.ncbi.nlm.nih.gov/books
Medline Plus, http://www.nlm.nih.gov/medlineplus/ency/article/002052.htm
The exercises in this module use information on diseases whose symptoms and genetic loci are described in the following section.  

Waardenburg syndrome:

The main characteristics of Waardenburg syndrome (WS) include: a wide bridge of the nose; coloring differences such as two different colored eyes, white forelock and eyelashes and premature graying of the hair; and some degree of cochlear deafness. The disease was named for Petrus Johannes Waardenburg, a Dutch ophthalmologist (1886-1979) who was the first to notice that people with two different colored eyes frequently had hearing problems. The several types of WS are inherited in dominant fashion. The human gene for Waardenburg syndrome has been traced to chromosome 2. 
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Two heterozygous parents have a 25% probability of producing a child who is non-affected by the disease. If one parent is homozygous dominant and the other is homozygous recessive, the probability is that all children will be affected.
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Phenylketonuria
Phenylketonuria (PKU) is an inherited error of metabolism caused by a deficiency in the enzyme phenylalanine hydroxylase. Loss of this enzyme results in mental retardation and organ damage and can seriously compromise pregnancy when the mother is affected. Blood samples are regularly taken from the heels of newborns to test for the absence of this enzyme, so that the diet of affected children can be strictly controlled and symptoms avoided. PKU is an autosomal recessive disorder and its gene is found on chromosome 12. 

[image: image9.png]Ehr orirome

PAH
Phenylketonuria




When both parents are carriers of an autosomal recessive trait, there is a 25% probability of a child inheriting abnormal genes from both parents, and therefore of developing the disease. There is a 50% probability of each child inheriting one abnormal gene and being a carrier.

If it is assumed that 4 children are produced, and both parents are carriers (heterozygous: Dd), the expectation in terms of probability is for:

· 1 child with 2 normal chromosomes (no disease: DD) 

· 2 children with 1 normal and 1 abnormal chromosome (carriers, without disease: Dd) 

· 1 child with 2 abnormal chromosomes (has the disease:dd) 

This does not mean that children will necessarily be affected. It does mean that EACH child has a one in four probability of inheriting the disorder and a 50% probability of being a carrier. 

Unit Three: Bayes’ Theorem

Time: Two class periods.  

Teacher Note: Students can work on this unit on their own, in groups, or as a class.  They should work the examples, and then follow with the exercises for homework. Assessment through presentation is encouraged.

Homework:
Exercises follow the examples in the student section.

Description: Students will begin by investigating Bayes’ Theorem as it relates to conditional probability.  They will use the theorem to examine false positive and false negative indicators of disease and as a predictor of probable genetic pedigree. 

Definition: Bayes’ Theorem is a type of conditional probability that involves the revision of the calculation of the probability of an event based upon information about the probability of a later event. Such instances occur frequently in business and medicine. Specific examples include finding the probability of actually having a disease, given the results of tests, or genetic counseling for parents who might carry a recessive disease gene, if they already have one or more children.

Formula:
Although there are many forms of the formula for Bayes’ Theorem, it is simplest at this point to utilize the classic formula for conditional probability, along with the appropriate probabilities from a tree diagram. Thus our formula will be
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Background: Bayes’ Theorem describes a relationship between simple and conditional probabilities.  Given a disease which affects 0.5% of the population. The blood test for this disease is 95% effective in detecting its presence (it will give a positive result in 95% of the cases where the disease is present).  The same test also gives a false positive in 8% of the cases where there is no disease present.

The following probabilities are defined by this situation:

P(A) = .005
The probability that the disease will be present in a particular person.

P(~A) = .995
The probability that the disease will not be present in a particular person.

P(B|A) = .95
The probability that the test will give a positive result (B) if the disease is present

P(~B|A) = 1-.95=.05

The probability that the test will give a negative result if the disease is present.

P(B|~A) = .08
The probability that the test will yield a positive result if the disease is not present.

P(~B|~A)=1-.08=.92
The probability that the test will give a negative result if the disease is not present.

This situation produces the following tree of probability relationships:
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A typical question might be: What is the probability that an individual chosen at random will test positive for this disease?
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Tay-Sachs disease
Tay-Sachs disease, a inherited metabolic disorder commonly associated with Ashkenazi Jews, has also been found in the French Canadians of Southeastern Quebec, the Cajuns of Southwest Louisiana, and other populations throughout the world. The severity of expression and the age at onset of Tay-Sachs varies from infantile and juvenile forms that exhibit paralysis, dementia, blindness and early death to a chronic adult form that exhibits neuron dysfunction and psychosis. Tay-Sachs is an autosomal recessive disease caused by mutations in both alleles of a gene (HEXA) on chromosome 15. 

Genes and Disease, NCBI, http://www.ncbi.nlm.nih.gov/books
Unit Four: Writing Across the Curriculum

Time: One class period

Teacher Note: The purpose of this unit it to allow students to reach greater depth of understanding through the creation of their own examples. The presentation of their problems and their explanations of the solutions to their problems will serve as a demonstration of knowledge and provide an excellent opportunity for authentic assessment.
Student Materials

Unit One: Conditional Probability
Definition:
Conditional Probability is the probability of the occurrence of a certain event (E), if one has information about the occurrence of other event(s). The additional information is helpful as a predictor of the desired event (E) only if the events are somehow related.

Formula:  The probability of an event, E, if the event, A, has occurred is the probability of A and E both happening divided by the probability of A.
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If A and E are independent events, then P(E|A) = P(E). Recall that independence means that knowledge of the occurrence of A gives no information about the occurrence of E.

Example 1:
Two cards are removed from a full deck of playing cards. The first one is not replaced before the second one is drawn. If the first card is black, what is the probability that the second card is also black?

Solution:  The probability that the second card is black, given that the first card is black is an example of conditional probability. Thus, the desired result is the Probability of both cards being black divided by the probability of the first card being black.
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Example 2: The question, “Did you do last night’s math homework?” was asked of 100 students this morning as they entered the Suburbia High School building. Their results are shown in the table below.

	
	Yes
	No
	Total

	Male
	23
	27
	50

	Female
	32
	18
	50

	Total
	55
	45
	100


What is the probability that a girl said she did her homework?  This is equivalent to asking, “What is the probability that the person did homework, given that the person was female?” So,
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Try This:
Using the data in the chart above, what is the probability that a random homework slacker was male?

(Hint:  You are looking for the probability that a person was male, given that the individual did not do homework.)

If you got 0.6, then try the following problems.

Name:_______________________________

Conditional Probability--Exercises

1. Tennis star Andy Roddick has an incredibly powerful serve. In fact, 70% of his first serves are playable and he goes on to win 80% of the points on his strong first serve. If he must use a second serve, he then wins only 75% of points. 

a. Make a tree diagram showing all of the possible outcomes and probabilities for two serves.

b. If Andy scored on a particular point, find the probability that he made the point on the first serve? (Remember that if Andy gets an ace on the first serve, then there is no second serve; he wins the point.)

2. A weather station in a certain coastal city gathers data about the chance of precipitation. It predicts that, if it rains on a given day, 38% of the time it will rain on the next day. If it is not raining, then it will rain on the next day about 53% of the time. The weather forecast for Thursday predicts the chance of rain to be about 85%. What is the probability of rain for your Saturday picnic?

3. Currently 35% of the students in this country admit to being regular smokers. Statistics show that 55% of people who started smoking in high school develop emphysema in later life. Only 12% of people who did not smoke in their teens developed emphysema. What is the probability that an emphysema patient had been a smoker in high school?

4. In a two-child family, the first child is a girl. What is the probability that the family has two girls?

5. A math student makes a mistake on about 15% of her calculations. If she gets the first three questions correct, what is the probability that she will get 80% or higher on a five-question quiz?

6. What is the conditional probability that exactly four heads appear when a fair coin is flipped five times, given that the first flip resulted in head?

7. A company manufactures widgets. The Quality Control Department says that, on average, 3% of the widgets are rejected due to defects. What is the probability that next batch of a hundred widgets produced will be defective if the first 2 tested are defective?

8. What is the probability that a poker hand (five cards dealt consecutively from a full deck) will result in a flush (five cards of the same suit,) if the first two cards he picks up are both spades?

Unit Two: Genetic Inheritance and Probability

In the following exercises, you will be determining the probability of an individual displaying symptoms of certain genetically controlled diseases.  The following background information should be helpful to you.

The simplistic way to look at inheritance is to assume that each allele (each child receives one from the father and one from the mother) carries coding for either Dominant (D) or recessive (d) expression of genetic traits.  Since each parent contributes one allele to each child, there are three possible genetic combinations that can result.  These are called genotypes. 

The homozygous dominant genotype is composed of two alleles, each of which codes for the dominant expression of the trait (DD). The homozygous recessive genotype is composed of two alleles, each of which codes for the recessive expression of the trait (dd).  The heterozygous genotype contains one allele that codes for the dominant expression of the trait and one allele that codes for the recessive expression of the trait (Dd).


All of the diseases described in the problems are autosomal. Autosomal diseases are inherited through the non-sex chromosomes, (pairs 1 through 22). 

Recessive disease inheritance occurs when BOTH genes of a pair must be abnormal to produce disease. If only one gene in the pair is abnormal, the disease is not manifested or is only mildly manifested. However the abnormal gene can be passed on to the children. 

If only one abnormal gene produces disease, this is called a dominant hereditary disorder. The abnormal gene dominates the expression of the trait.  The probability that the disease will be manifestd in the next generation is dependant on whether the parents are heterozygous or homozygous dominant for the disorder.

(MedlinePlus, http://www.nlm.nih.gov/medlineplus/ency/article/002052.htm
Name:____________________________

Exercise 1:

The gene for Waardenberg Syndrome is located on chromosome 2.  The disease is a dominant autosomal disorder. 

Part I: Ben Dover suffers from Waardenberg Syndrome. His genotype is homozygous dominant (WW). Ben’s wife Eileen is also affected by the disease.  Her genotype is heterozygous (Ww).

Draw a diagram of this genetic pairing and predict the probability that each of their future children has of being affected by this disease.

Part II: Eileen’s sister Patty O’Fernitiur does not suffer from Waardenberg Syndrome.  Her genotype is homozygous recessive (ww).  If Ben had married Patty instead of Eileen, would the probability you predicted in Part I have been different?


Draw a diagram of this genetic pairing and predict the probability that each of their future children has of being affected by this disease.

Part III: What conclusions can you draw based on the probabilities that you computed?

Exercise 2:

The gene for Phenylketonuria is caused by a mutation on chromosome 12.  Its inheritence is autosomal recessive.  

Part I: Nick O’Tein is a carrier of Phenylketonuria.  His genotype is heterozygous (Pp).  His wife Gill is also a carrier with the same genotype.

Draw a diagram of this genetic pairing and predict the probability that each of their future children has of being affected by this disease.

Part II: Brandon Irons is also a carrier of Phenylketonuria.  His wife, Gritt, however, has no gene for the disease.  Her genotype is therefore homozygous dominant (PP). 

Draw a diagram of this genetic pairing and predict the probability that each of their future children has of being affected by this disease.

Part III: What conclusions can you draw based on the probabilities that you computed?  How do these conclusions compare with those in the first exercise?

Exercise 3: Every student should have received a Genotype Card.  Find a partner whose card deals with the same genotype as your own. 

Part I: Assume that the inheritance of this trait is dominant.  With your partner, draw a diagram of this genetic pairing and predict the probability of your offspring displaying signs of this trait.

Part II: Assume that the inheritance of your trait is recessive. With your partner, draw a diagram of this genetic pairing and predict the probability of your offspring displaying signs of this trait.

Part III: What conclusions can you draw based on the probabilities that you computed?  How do these conclusions compare with those in the first exercise?

Unit Three:  Bayes’ Theorem

Definition: Bayes’ Theorem is a type of conditional probability that involves the revision of the calculation of the probability of an event based upon information about the probability of a later event. Such instances occur frequently in business and medicine. Specific examples include finding the probability of actually having a disease, given the results of tests, or genetic counseling for parents who might carry a recessive disease gene, if they already have one or more children.

Formula:
Although there are many forms of the formula for Bayes’ Theorem, it is simplest at this point to utilize the classic formula for conditional probability, along with the appropriate probabilities from a tree diagram. Thus our formula will be


[image: image17.wmf](

)

(

)

(

)

A

p

A

E

P

A

|

E

P

Ç

=


Example 1: Two cards are chosen at random from a standard deck of playing cards. The first is not replaced before the second is selected. What is the probability that the first one is black, if the second one is red?
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Example 2: Two balls are selected from a bag containing 5 blue and 3 red. What is the probability that both are red, given that the second is red?
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Try This:
A student rolls a pair of dice—one green and one red. What is the probability of having an even sum if the green die is a 5?

(Hint:  You are looking for the probability of an even sum, given that the green die is a 5.)

If you found the answer of 0.5, then you are correct.

Name:___________________________

Bayes’ Theorem—Exercises

(Day 1—General Problems)

1. During the recent Student Council election, the presidential nominees were John, Mary, Susan, Jane, Tom, Joseph, and Cathy. What is the probability that Susan won the election, if word leaked out that the winner was a girl?

2. A study showed that in 2002, in response to new laws, 75% of all drivers are now wearing seat belts. That same year, 0.0163% of all licensed drivers were killed in auto accidents. Of the fatalities, 35.3% were not wearing seat belts, while 8.3% were restrained. If we know that Mary Smith always wore a seat belt, what is the probability that she died in an auto accident during 2002?

3. Dick and Jane Smith are the proud parents of three children, the last of which is a lovely daughter, Samantha. What is the probability that Samantha has two older brothers?

4. Last week at the mall you tucked a $10-bill into your pocket. When you got home, you put the jeans in the wash with your 4 other pairs of dirty jeans. While at school today, you remembered the oversight, so you quickly check the laundry, which, much to your dismay, contains 12 pairs of jeans from various family members, three others of whom claim to also have accidentally left folding money in a pocket. If you reach into the pocket of a random pair of jeans and feel paper money, what is the probability that the money is your $10?

Name: ________________________

Bayes’ Theorem—Exercises

(Day 2—Biological Problems)
Exercise 1: The probability that a person in the United States has hepatitis is 1.8%. The blood test used to confirm the diagnosis gives positive results for 95.5% of the people with the disease and 0.9% of those without the disease.  

Part I: Incorporate the given information into a tree diagram.
Part II: What is the probability that a person exhibiting the classic symptoms who gets a positive test result actually has hepatitis?

Exercise 2: A medical research lab proposes a new blood test to determine the presence of Phenylketonuria (PKU) in newborns. To try out the test, it is given to 100 children, 55 who are known to have the disease and 45 of whom are known not to have the disease. A positive test indicates the presence of the disease and a negative test indicates no disease.

Unfortunately, the test produces two kinds of errors:

1. False Negative: For the 55 children who have the disease, this test indicates that 3 do not have it.

2. False Positive: For the 45 children who do not have the disease, the test indicates that 8 of them have it.

Part I: Incorporate the given information into a tree diagram.
Part II: Determine the following probabilities:

a) The probability that the test gives a false negative result

b) The probability that the test gives a false positive result

c) The probability that the test gives a correct result

d) The probability that a person with a positive test has 
the disease

e) The probability that a person with a negative test 
does not have the disease

Part III: Suppose that this test is given to a child whose condition is unknown (like a newborn). If the test result is negative, what is the probability that the child does have the disease?

Exercise 3: Tay-Sachs disease is an inherited metabolic disorder. The severity of the symptoms and the age at onset of Tay-Sachs varies from infantile and juvenile forms that exhibit paralysis, dementia, blindness and early death to a chronic adult form that exhibits neuron dysfunction and psychosis. Tay-Sachs is an autosomal recessive disease caused by mutations in both alleles of a gene (HEXA) on chromosome 15. 

Part I: Consider the pedigree chart that follows.







A young couple has recently uncovered family history that makes them suspicious that both the husband and wife may each be a carrier for Tay-Sachs disease. The couple already has one unaffected child and is contemplating a second pregnancy. 

Using Bayes’ Theorem and the genetic information supplied, what is the likelihood that a second child will have Tay-Sachs, assuming that both are carriers?

Part II:
Suppose that we know that the father had one parent who might have been a carrier for Tay-Sachs. Given that his first child was not affected, what is the likelihood that the father carries a gene for Tay Sachs, if the mother is a carrier?








Name:________________________

Unit Four: Writing Across the Curriculum

Part I: Using information on one of the genetic diseases described below, construct a problem that relies on Bayes’ Theorem for its solution. Your problem should include a tree diagram.

Refsum disease
Refsum disease is a rare disorder of lipid metabolism that is inherited as an autosomal recessive trait. Symptoms may include a degenerative nerve disease, failure of muscle coordination, a progressive vision disorder, and bone and skin changes.  In 1997 the gene for Refsum disease was identified and mapped to chromosome 10. 

Waardenburg syndrome:

The main characteristics of Waardenburg syndrome (WS) include: a wide bridge of the nose; coloring differences such as two different colored eyes, white forelock and eyelashes and premature graying of the hair; and some degree of cochlear deafness. The disease was named for Petrus Johannes Waardenburg, a Dutch ophthalmologist (1886-1979) who was the first to notice that people with two different colored eyes frequently had hearing problems. The several types of WS are inherited in dominant fashion. The human gene for Waardenburg syndrome has been traced to chromosome 2. 

Part II: Present your problem and its solution to the class. Use visuals that are clear and “presentation quality”. Your presentation should include some background information on the disease on which your problem is based.

Teacher’s Materials

Transparency Masters

Unit One

Formula:  The probability of an event, E, if the event A has occurred is the probability of A and E both happening divided by the probability of A.
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If A and E are independent events, then P(E|A) = P(E).  Recall that independence means that knowledge of the occurrence of A gives no information about the occurrence of E.

Unit Two

Dominant Inheritance
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Recessive Inheritance
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Unit Three

Tree Diagram








Unit Three
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Resources:

Bayes’ Theorem Calculators

Medical College of Wisconsin, Division of General Internal Medicine; http://www.intmed.mcw.edu/clincalc/bayes.html
John C. Pezzullo; http://members.aol.com/johnp71/bayes.html
Websites for Statistics:

Morbidity and Mortality Weekly Report, Department of Health and Human Services, Centers for Disease Control and Prevention, Recommendations and Reports, February 7, 2003; http://wonder.cdec.gov/
Centers for Medicare and Medicaid Services; http://www.cms.hhs.gov/researchers/default.asp
Society for Medical Decision Making; http://www.smdm.org/localnav.html
National Cancer Institute; http://seer.cancer.gov/
Traffic Safety Facts 2002, 2002 Motor Vehicle Crash Data from FARS and GES, pp. 156-157

References: 

Genes and Disease, NCBI, http://www.ncbi.nlm.nih.gov/books
Medline Plus, http://www.nlm.nih.gov/medlineplus/ency/article/002052.htm
Department of Genetics, Smurfit Institute, Trinity College, Dublin, Ireland; http://www.tcd.ie/Genetics/staff/Miguel_DeArce_GE3095
The Math Forum @ Drexel; http://mathforum.org/dr.math/faq.html
International Society for Bayesian Analysis; http://www.bayesian.org
Vassar website; http://faculty.vassar.edu/lowry/bayes.bayes_subjective
Traffic Safety Facts 2002, 2002 Motor Vehicle Crash Data from FARS and GES, pp. 156-157

Stanford University; http://plato.stanford.edu/entries/bayes-theorem/
Rosen, Kenneth H. Rosen, Discrete Mathematics and Its Applications, McGraw-Hill, New York, NY, 2003

Glencoe Science, Biology, the Dynamics of Life, Glencoe/McGraw-Hill, Columbus, OH, 2004

Solutions

Answers:

Unit One:
Conditional Probability




1.
0.819

2. 0.47

3. 0.71

4. 0.5

5. 0.977

6. 0.25

7. 0.153

8. 0.00842

Unit Two:
Genetic Inheritance and Probability





Exercise 1: Part I: 25% infected, 50% carriers




Exercise 1: Part II: 0% infected, 50% carriers




Exercise 1: Part III: Answers will vary




Exercise 2: Part I: .25




Exercise 2: Part II: 0




Exercise 3: Answers will vary
Unit Three:  Bayes’ Theorem

Day 1: General



1. 0.258



2. 0.000383




3. 0.25




4. 0.249

Day 2:  Biological



Exercise 1: Part I: Tree Diagram




Exercise 1: Part II: 0.66




Exercise 2: Part I: Tree Diagram




Exercise 2: Part II: 







a. 0.030







b. 0.080







c. 0.89







d. 0.867







e. 0.925




Exercise 2: Part III:  0.075




Exercise 3: Part I:
0.25

       Part II:
0.143

Unit Four:  Writing Across the Curriculum

Answers will vary.

Solutions:

Unit One:
Conditional Probability

Try This:
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2.
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or

Same answer can be obtained through reasoning methods.

3.







3.
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4. 
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6.


7.
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8.
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Unit Two:
Inheritance and Probability

Exercise 1:

Part I:

	Ben\Eileen
	W
	w

	W
	WW
	Ww

	W
	WW
	Ww


Since Waardenberg is dominant, probability is 1.0 that a child from this union will have the disease.

Exercise 1:

Part II:

	Ben\Patty
	w
	w

	W
	Ww
	Ww

	W
	Ww
	Ww


There is no difference, the dominant Waardenberg gene still passes to all offspring through the father.  The probability of infection is 1.0.

Exercise 2:

Part I:

	Nick\Gill
	P
	p

	P
	PP
	Pp

	p
	pP
	pp


25% will be infected; only those with double recessive are affected.

Exercise 2:

Part II:

	Brandon\Grit
	P
	P

	P
	PP
	PP

	p
	pP
	pP


Probability of infection is 0%, since no double recessive is produced from this union.

Unit Three:  Bayes’ Theorem

Try This:
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2.
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3.
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Unit Three:
Bayes’ Theorem




Biological Applications

1. Part 1







Part II.
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Exercise 2:

Part I:








Part II:

a.
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b.
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c.
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d.
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e.
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Part III:
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Exercise III:

Part I:







	Mother/Father
	T
	t

	T
	TT
	Tt

	t
	tT
	tt


P(2nd child has disease from two parents who are both are carriers) = 0.25

Part II:

Father can have genotype(tt) or (Tt), since he does not show symptoms.  Thus, if he is a carrier, he will pass on affected gene 25% of time. Mother is a carrier, so she will pass on affected gene 50% of time.  

Now, make a tree with that information:
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Glossary

Autosomes:The non-sex chromosomes (pairs 1 – 22)

Autosomal disease:Disease that is inherited through genes on the autosomal chromosomes

Dominant disease inheritance: The abnormal gene dominates the inheritance of the disease
Genotype: The combination of genes in an individual

Heterozygous:A genotype composed of one Dominant allele and one recessive allele

Homozygous dominant: A genotype composed of two dominant alleles

Homozygous recessive: A genotype composed of two recessive alleles
Recessive inheritance: Both alleles must be abnormal to produce the disease.
Refsum disease: A genetic disorder whose inheritance is autosomal recessive


Tay-Sachs disease: A genetic disorder whose inheritance is autosomal recessive
Waardenburg syndrome: A genetic disorder whose inheritance is autosomal dominant

Applications using


Conditional Probability


Mendelian Inheritance


Bayes’ Theorem


For high school mathematics courses in:


Algebra II, Pre-Calculus, Discrete Mathematics, and Statistics
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