Lesson Plan – Predicting Combinations for Alleles in a Zygote Using Punnett Squares

Objective:  Demonstrate how to use a Punnett Square to predict combinations for alleles in a fertilized egg (zygote) from the genetic makeup of the parents. 


Grade Level:   Middle/Jr. High and High School


Time:

One 55 Minute Class Period; Unless the test is used as homework or a take home examination, add 30 minutes. 
Standards:   
CA: 
Biology 2.e, 2.f, 2.g, 3.a; 7.b; 
TX: 
Biology 112.43: 6(D)
NY: 
Science Standard 4, Key Idea and Performance Standards 2 and 4,                           

FL: 
SC.912.L.16.2 & 3
IL: 
Science 12.A.4a and 5b
PA: 
Biology 3.3.10.C
OH: 
Grade 10: Life Sciences  6 and 8; Grade 12: Life Sciences: 5
MI:
Science: Standard III.3
NJ: 
Characteristics of Life 5.5.C
GA: 
Biology: SB2

Materials:  Punnett Squares Visual and 30 minute unit test.
LECTURE:  [This section summarizes the scientific information necessary to understand the topic.  It is best given using the instructor’s own words. We suggest using the six Punnett Squares described below to illustrate the concepts.  Punnett Squares Visual. If this lesson plan is being used in conjunction with the film Lorenzo’s Oil, tell students that at the end of the unit they will be able to calculate Lorenzo’ chances of getting ALD. This will motivate many students to pay closer attention to the lesson.  Skip those concepts in the lecture that the class has already studied and which are not necessary for review.]
A zygote is the cell formed by the union of the sperm and the egg.   Humans have a total of 46 chromosomes, 22 pairs of autosomal chromosomes and one pair of sex chromosomes.  In the autosomal chromosomes, each pair (one from the mother and the other from the father) contains genes relating to the same functions of the body.  These instructions, however, are often different.  Any one of two or more genes that may occur alternatively at a given place on a chromosome is called an allele.  In most of the examples, we assume that there are two alleles because only one allele can attach to a gene site on a chromosome and chromosomes come in pairs. But in fact, there can be more than two different alleles and often more than one set of alleles is involved in determining any particular trait. 
When the alleles are identical, the individual possessing those genes is described as homozygous for that trait.  When the two genes in an allele are different, the individual is called heterozygous for the trait.  When the genes in the allele provide different instructions to the body (that is the organism is heterozygous for the trait), one of the genes will override the other and its instructions are transmitted to the rest of the organism.  Genetic traits that are suppressed by other traits contained on its partner in the allele are called recessive traits.  Genetic traits that dominate are called dominant traits.   For recessive traits to be expressed, the individual must be homozygous for that trait.  (Note that some alleles are codominant, i.e., the trait is affected by both alleles and neither completely overrides the other. But that is beyond the scope of this lesson.)
In meiosis (the creation of sperm and egg cells), the paired chromosomes divide and the resulting germ cell has only half the genetic material of a normal human cell. When the egg and the sperm unite to form a zygote, half the genetic material is from the mother and half from the father.  The genetic makeup of the next generation will be one of four possible combinations for the alleles for any particular site on the chromosome. If M1 and M2 are the two-paired chromosomes from the mother and F1 and F2 are the two paired chromosomes from the father, then any particular fertilized egg (zygote) will have a 25% chance of having any one of the following combinations:  

M1F1           M1F2           M2F1           M2F2  

In autosomal chromosome pairs (all chromosomes except for the sex-linked chromosomes) both alleles must be recessive for a recessive trait to be expressed.  If one of the alleles is dominant and the other recessive (a heterozygous pairing), the parent may transmit the recessive trait to the next generation, but the trait will not be manifested in the body of the child.  
 Sex chromosomes operate a little differently from autosomal chromosomes. There are two different sex chromosomes, X and Y.  Women have two X chromosomes and men have an X and a Y.  The sex of the child depends on whether the father’s sperm contains an X chromosome or a Y chromosome.  If the father provides an X chromosome to the zygote (fertilized egg), the child will be a girl.  If the father contributes a Y chromosome, the child will be a boy. In other words, female sex chromosome pairs are XX and male sex chromosome pairs are XY.  Since any one of the mother’s egg cells will have only one of her X chromosomes, and the father’s sperm cells will have either his X or his Y chromosome, the possible pairings are:
XM1XF1          XM1Y          XM2XF1      XM2Y

Each combination has approximately a 25% chance of occurring in any particular zygote.
The X and Y chromosomes contain genetic instructions to different parts of the body and it is the Y chromosome that contains genes for male characteristics.  Thus, if the X chromosome contributed by the mother of a male child has a recessive allele for a particular characteristic, it will be expressed despite the fact that it is recessive.  This is because there is no countervailing instruction from a dominant gene. (The father’s Y chromosome has genetic instructions for different parts of the body.)  On the other hand, if the child is a girl, the father’s X chromosome will contain instructions to the same parts of the body as the mother’s X chromosome.  If the father’s allele is dominant for the characteristic, the recessive trait will not be expressed.
This concept is particularly important for sex-linked genetic defects in male children.  These are caused by a recessive allele in the mother’s X chromosome. A male individual does not inherit an X chromosome from the father to carry a dominant allele to override a defective recessive allele on the mother’s X chromosome.  For male children, the only X chromosome is that of the mother.  In fact, most sex-linked diseases are caused by mutations on the genes of the mother’s X chromosome; rarely do we see them on the Y chromosome. Most sex-linked diseases are recessive.

We can show the interaction of dominant and recessive genes in recessive sex-linked defects by using a Punnett Square.  This is a probability tool that helps us visualize and predict the chances that a child will inherit a sex-linked genetic disease.  In a Punnett Square, the allele from the father is described in the top row and the allele from the mother is shown in the first column.  XB means that the chromosome carries the healthy dominant allele.  Xb means that the chromosome carries the defective recessive allele.  The possibilities for any one child are set out in the four squares below the top line and to the right of the first column.   Female children will have two X chromosomes. Male children will have an X and a Y chromosome.  Each of the four parts of the Punnett Square represents a 25% chance of the genetic makeup of any particular zygote for the characteristic. 
For example, do you know anyone who is colorblind? About one in 20 (5%), of the population have red/green colorblindness. If so, are they male or female?  The gene for color blindness is recessive and is located on the X chromosome. As we shall see, this means that the vast majority of people with red/green color blindness will be male and that most cases of red/green colorblindness occur when the father is normal and the mother is heterozygous for the defect.  

[Go through each Punnett Square example below, describing the variations.   A visual of the Punnett Squares without the explanation is at Punnett Squares Visual.  Punnett Square analysis assumes that birth rates are equal among male and female offspring.]

Note that in the Punnett Squares below, “B” signifies the normal allele, and “b” denotes the defective allele.


	1.
	     XB
	     Y

	XB
	XBXB
	XBY

	Xb
	XbXB
	XbY



	2.
	     Xb
	     Y

	XB
	XBXb
	XB Y

	XB
	XBXb
	XB Y





	4.
	     Xb
	    Y

	Xb
	XbXb
	XbY

	XB
	XBXb
	XBY



	5.
	    Xb
	     Y

	Xb
	XbXb
	XbY

	Xb
	XbXb
	XbY


 
	6.
	     XB
	     Y

	XB
	XBXB
	XBY

	XB
	XBXB
	XBY


 Adrenoleukodstrophy (called ALD or X-ALD), the disease suffered by Lorenzo Odone in the movie Lorenzo’s Oil is a recessive sex-linked genetic disease and behaves just like colorblindness in a Punnett Square analysis.

Autosomal Genetic Disorders

We have just discussed possible genetic diseases that are X-linked. There are also diseases caused by defects on genes found on the 22 autosomal chromosomes. These are usually recessive, meaning that both copies of the gene must be damaged or mutated for the disease to manifest itself. These diseases are called autosomal recessive genetic disorders.

For example, Phenylketonuria (PKU) is an inherited genetic disease that prevents the breakdown of phenylalanine, an amino acid found in proteins. If PKU is not treated soon after birth, the build-up of phenylalanine will cause serious irreversible brain damage.  Other autosomal recessive genetic disorders include cystic fibrosis and sickle cell anemia.

There are also autosomal dominant disorders, diseases in which the defective gene is dominant and the healthy gene recessive. Examples include Huntington's disease and familial hypercholesterolaemia (genetically linked high cholesterol levels).

Genetic Counseling:  Modern medicine can improve the gene pool by informing people about genetic defects that could cause problems for their children. These people could refrain from having children and adopt.  Except for families that have religious or moral objections to abortion, fetuses which carry a genetic defect can be aborted. 

Unit Test on for Lesson Plan on Predicting Combinations for Alleles in a Zygote Using Punnett Squares -- With Answer Key:
[This is a 20 point test.  This test can also be sent home as homework or a take home examination.  For the test without the answer key, see unit test.]

1. Define the term “zygote”.  Suggested Response:  A zygote is the cell formed by the union of the sperm and the egg.  

2. Define the term “allele” and tell us what the difference is between a gene and an allele.  Suggested Response:  An allele is any one of two or more genes that may occur alternatively at a given site on a chromosome.  Another way to put it is that alleles are different versions of the same gene. There is no difference between a gene and an allele.
3. Define the terms “homozygous” and “heterozygous”.   Suggested Response:  As to a trait, an individual whose alleles are identical is homozygous and a person whose alleles are different is heterozygous.

4. Define the term “autosomal chromosome”.  Suggested Response:  One of the 22 non-sex chromosomes.  

5. What is the role of the Y chromosome?  Suggested Response:  It carries the genes that encode/transmit the characteristics necessary to become a male.

6. When do you describe a person as carrier for a specific genetic trait?   Suggested Response:   When the person is a heterozygote, i.e., a person for whom one allele is recessive and the other allele is dominant.  This person does not express the recessive trait but may transmit it to his or her offspring.  In recessive sex-linked genetic diseases such as ALD, the carrier will always be a female.
7. What is a Punnett Square?  Suggested Response:  A Punnett Square is a probability tool which helps us visualize and predict the chances that a child will inherit a particular trait.
8. What is an X-linked recessive genetic disease?  Suggested Response:  A disease caused by a defect on the X chromosome in a recessive gene.    

9. (Two points) Does the fact that the father is red/green colorblind mean that it is more likely that his son will be colorblind?  Is the same true for a daughter?   Explain your response.  Suggested Response:  No, for the son and yes, for the daughter. The defect for red/green colorblindness is a recessive genetic defect contained on the X chromosome. Male children do not get an X chromosome from their father.  However, female children get an X chromosome from each parent.  For a daughter to be colorblind, she will need a defective X chromosome from her father as well as from the mother. Thus, it is more likely that a female will be colorblind if her father is colorblind.
10. (Two points) Does the fact that a maternal grandfather (mother’s father) was colorblind affect a male child’s chances of inheriting the defect?  Explain why.  Suggested Response:  Yes. The daughters of a colorblind father will all be at least carriers, if they are not colorblind themselves.  The male child of a mother who carries the allele for colorblindness  has a 50% chance of being colorblind.  

11.  (Two Points) Assume that red/green colorblindness was a recessive gene on an autosomal chromosome.  How would that change your answer to question #10? What, if any, are the differences?   Suggested Response:  The answer would still be yes, because the maternal grandfather’s defective gene could be passed to a grandchild.  However, for a child to be colorblind, assuming colorblindness was a recessive defect on an autosomal chromosome, the child would have to inherit the defective allele from his father, as well as his mother.
12. (Four points) Create a Punnett Square to predict the chances that Lorenzo Odone, from the movie Lorenzo’s Oil, had of contracting ALD (caused by a recessive defect in an allele on the X chromosome).  Show us which parts of the Punnett Squares are from Lorenzo’s mother, which from Lorenzo’s Dad and which is Lorenzo.  (Remember that Lorenzo’s Dad did not have ALD.)  Write a short paragraph describing the genetics of how Lorenzo came to have the disease; what was the chance that he would have the disease, and what were the chances that a daughter of the Odones’ would have the disease. Suggested Response: Lorenzo’s mother was a carrier for ALD. That meant that one of her X chromosomes had the defective gene, while the other was normal. Her genotype would look like this: XBXb, where “B” signifies the normal dominant allele, and “b” denotes the defective recessive allele. Augusto, Lorenzo’s father, did not have the disease. Therefore his genotype would look like this: XBY. Because ALD is a sex-linked disease, meaning that the defective gene is found on a sex chromosome, specifically the X chromosome, we do not see the gene on the Y chromosome.   (This is the same as Punnett Square #1).
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 XX results in female offspring, and XY results in male offspring. From this Punnett Square we can conclude that if the Odone’s had a daughter, there would have been a 50% chance she was a carrier for the disease, and a 50% chance that she would not have received or passed on the defective gene. If the Odones were to have a son, there was a 50% chance he would have been normal, and a 50% chance that he would have had the disease.  This was Lorenzo’s fate.  (The probabilities can also be stated in the following way:  there was a 25% chance that a child would have been male and express the genetic defect, a 25% chance that a male would have been free of the defective allele, a 25% chance that a daughter would have been a carrier and a 25% chance that a daughter would have been free of the defective allele.
13. Why doesn't natural selection result in the elimination of fatal recessive genetic diseases such as Adrenoleukodstrophy (ALD) from the population so that eventually the gene is eliminated from the entire population?  What effect will modern genetic counseling have on this process. Note that, for ALD, only 35% of male children with the ALD genetic defect have the aggressive and quickly fatal form of the disease.  The other 65% may live into child bearing age without substantial symptoms. Suggested Response: Female carriers and males who have children before becoming ill can pass on the defect.  Therefore, the defect will survive in the gene pool.  Modern genetic counseling will result in the reduction or elimination of the ALD recessive genes from the population.  ALD carriers will have fewer children or none at all, knowing that they could pass on the disease. Fetuses with ALD can be aborted in those families in which there is no moral or religious objection to abortion.  The application of genetic counseling to the families of people with ALD is an example of modern medicine actually improving the gene pool.

14.  Would the success of Lorenzo’s Oil in preventing (or delaying) symptoms when given to boys before they become ill, affect the gene pool? What type of person could result from the union of a man who survived with ALD and a woman who was heterozygous for the ALD trait?  Suggested Response:  Probably there would be no effect on the gene pool because boys with ALD would refrain from having biological children.  (They could, obviously, adopt children.)  But if they did have children, then all of their daughters would inherit one X chromosome with the defective gene.  In addition, if by chance a man with the ALD genetic defect married a woman who was a carrier for the disease, half of their daughters would carry the recessive genetic defect from both parents and could, theoretically, suffer from ALD. 
[At TWM we are always interested in feedback.  Tell us how this lesson plan worked with your class.  Email jfrieden@teachwithmovies.com   Put “Punnett Squares Lesson Plan” in the subject line.]
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Mother is heterozygous and father is not colorblind:  There is a 50% chance that any child will receive the mother’s X chromosome that contains the defective allele.  Mother is called a carrier because she doesn’t exhibit the defective trait but she can transmit it to her offspring. There is a 25% chance that a child will be a female carrier (XbXB) and even though the father’s X chromosome has the dominant healthy allele, a 25% chance that a child will be a colorblind male (XbY).





Mother is homozygous dominant and the father is colorblind.  All of the daughters will be carriers since each of them inherits the father’s X chromosome with the defective allele.  Each of the sons inherit one of the mother’s normal X chromosome.  Therefore, none of the sons will have the disease.  The father’s defective X chromosome never makes it to the male children. 





Mother is homozygous recessive and father is not colorblind:   Since both mother’s X chromosomes carry the defective recessive allele, all of the daughters will be carriers and all of the sons will have the disease.  This is very rare.
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Mother is heterozygous and father is colorblind: All of the daughters will inherit the father’s X chromosome with the defective recessive gene.  Since one of those daughters will also inherit the mother’s X chromosome with the defective recessive allele, (XbXb) she will also be colorblind.  There is a 25% chance of a male child with the defect (inheriting the mother’s defective X chromosome, XbY) and a 25% chance of a male child who sees normally (inheriting the mother’s normal X chromosome, XBY).  This is infrequent, since less than 5% of people are male and colorblind.





Mother is homozygous recessive (colorblind), and father is colorblind:  In this case, all three X chromosomes of the parents carry the defect.  All of the children will be colorblind and all of the children will pass on the recessive gene.  This situation is extremely rare.  





Mother is homozygous dominant (normal), and father is not colorblind:  In this example both parents carry only the normal gene.  None of the children will have the disease and none of the children will be carriers.  This is the most frequent occurrence. 
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