Soap Opera Genetics

-- Genetics to Resolve Family Arguments

I.  How could our baby be an albino?

Tiffany and Joe have just had a baby and are very surprised to learn that their baby is albino with very pale skin and hair color.  Tiffany‘s sister comes in to visit Tiffany and the new baby, and Joe goes out to talk with his sister Vicky.

Did Tiffany have an affair?

Joe is very angry.  He tells Vicky, "I think Tiffany had an affair with Frank!  He’s the only albino we know.  Obviously, Tiffany and I aren't albino, so Frank must be the father."

Luckily, Vicky is a biology teacher, so she explains how two parents with normal skin color could have an albino baby.  She draws a Punnett Square to illustrate her explanation.  

1.  Draw a Punnett Square to show how two parents with normal skin color could have an albino baby.  Use a for the recessive allele that can result in very pale skin and hair color and A for the dominant allele that results in normal skin and hair color.

Joe is still angry and he doesn't understand the Punnett Square, so he demands a better explanation.  Luckily, Vicky is a patient person, so she explains again how Joe and Tiffany could have an albino baby, making sure that Joe understands each step in the process.

2.  Draw a new, more complete Punnett Square to help explain how inheritance works.  Include the genotypes of both parents, straight arrows (—>) to represent meiosis, wavy arrows (~~ >) to represent fertilization, and labels for eggs, sperm, and zygotes.

Why aren't more babies albino?

By now, Joe has calmed down and he is getting interested.  He asks Vicky "If that’s how it works, it seems as though a quarter of all babies should be albino.  How come there are hardly any albino babies?"  

3.  What explanation should Vicky give to answer this question?

Joe is starting to feel guilty for getting so mad.  He says "Geez, I feel like a jerk now.  I should have known that Tiffany would never cheat on me."  Vicky responds, "That's okay.  You were upset.  Let's just forget about it."

Will Tiffany and Joe's next baby be albino?

Two years later, Tiffany is pregnant again, and she and Joe are discussing whether their second baby will be albino.  Tiffany thinks the baby probably will be albino, but Joe remembers Vicky's explanation, and he tells Tiffany, "No, our second baby can't be albino because only one out of every four of our babies should be albino. We already have one albino baby, so our next three babies should not be albino."  

4. What is the probability that Tiffany and Joe's second baby will be albino like their first baby?
How do you know?

II. Were the babies switched?
Two couples had babies in the same hospital at the same time.  Michael and Danielle had twins, a boy, Michael, Jr., and a girl, Michelle.  Denise and Earnest had a girl, Tonja.  Danielle was convinced that there had been a mix-up and she had the wrong girl, since Michael Jr. and Tonja were both light-skinned, while Michelle was dark skinned.  Danielle insisted on blood type tests for both families to check whether there had been a mix-up.  In order to interpret the results of the blood type tests, you will need to understand the basic biology of blood types.
Blood Types

The ABO blood types are the major blood type classification system which determines which type of blood can safely be used for a transfusion.  The four blood types in the ABO system are Type A, Type B, Type AB, and Type O.  These blood types refer to different versions of carbohydrate molecules (complex sugars) which are present on the surface of red blood cells. 
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Genetics of Blood Types 

Your blood type was established before you were born, by genes inherited from your mother and father. This blood type gene has three different versions or alleles that code for different versions of a protein enzyme as follows:
The IA allele codes for a version of the enzyme that puts Type A carbohydrate molecules on the red blood cells.
The IB allele codes for a version of the enzyme that puts Type B carbohydrate molecules on the red blood cells.
The i allele codes for an inactive version of the enzyme, so red blood cells have neither type of carbohydrate molecule on their surface. 
Everyone has two copies of these genes, so there are six possible combinations of alleles (called genotypes) which result in the four possible blood types (phenotypes):

IA IA and IA i - both resulting in Type A blood, 

IB IB and IB i - both resulting in Type B blood, 

IA IB - resulting in Type AB blood,

i i - resulting in Type O blood.  

1.  In a heterozygous IA i person, which allele is dominant, IA or i?  Explain your reasoning.
Codominance refers to inheritance in which two alleles of a gene each have a different observable effect on the phenotype of a heterozygous individual.  Thus, in codominance, neither allele is recessive—both alleles are dominant.  

2.  Which one of the genotypes results in a phenotype that provides clear evidence of codominance?  (Hint: Look at the information on the top of this page and the drawings on page 3.)

3.  Each biological parent gives one of their two blood type alleles to their child.  For example, a father who has blood type AB has the genotype_________, so he will produce sperm with either an IA or an IB allele and he can give either an IA or an IB allele to a child of his. If the mother has blood type O, her genotype must be _________, and she can only give an _______  allele to a child of hers. 

4.  The Punnett Square below shows the possible genotypes for the children of these parents.  Write in the blood type for each genotype to show the possible blood types for the children of these parents.
	  Father 

(Type AB)

  Sperm
	         Mother

        (Type O)
        Eggs

	
	
	i
	i

	
	IA
	IA i
	IA i

	
	IB
	IB i
	IB i


Were the babies switched? 

Now you are ready to evaluate whether Earnest and Denise's baby girl was switched with Michael and Danielle's baby girl.  The following family trees show the blood types for each person in both families.
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5. Is it possible for Michael and Danielle to have a child who has type O blood? How do you know this? (Hint: Use the Punnett square on the previous page to help you to answer these questions.)
6. To check whether Earnest and Denise could have a baby with Type O blood, draw a Punnett square for a father who has blood Type A and genotype IA i and a mother who has blood Type B and genotype IB i.  Write in the blood type for each child's genotype.

7. Was a switch made at the hospital? Explain your reasoning.
Why do the twins look so different?
Now, Danielle wants to know how her twins could look so different with one having light skin and the other having dark skin.  First, she needs to understand that there are two types of twins.  Identical twins come from the same zygote when a developing embryo splits in two, so identical twins have exactly the same genes.  

8. How do you know that Michelle and Michael Jr. are not identical twins?

Michelle and Michael Jr. are fraternal twins, the result of two separate eggs, each fertilized by a different sperm.  Michelle and Michael Jr. inherited different alleles of the genes for skin color because the egg and sperm that formed the zygote that developed into Michelle carried different alleles of the genes for skin color than the egg and sperm that formed the zygote that developed into Michael Jr. 

To understand how one of the twins could have light skin and the other dark skin, we will consider two alleles of one of the genes for skin color.

	Genotype
	Phenotype (skin color)

	BB
	dark brown

	Bb
	light brown

	bb
	tan


Notice that a heterozygous individual has an intermediate phenotype, halfway between the two homozygous individuals.  This is called incomplete dominance.  

9. Explain how incomplete dominance differs from a dominant-recessive pair of alleles.

10. Explain how incomplete dominance differs from co-dominance.

11. The parents, Michael and Danielle, both have light brown skin.  What is their genetic makeup?

12. Draw a Punnett square to show how these parents could have two babies with very different color skin -- one dark brown and the other tan.

Obviously, people have many different skin colors, not just dark brown, light brown, or tan.  The reasons for all these different skin colors include:

· multiple genes influence skin color 

· for at least one of these genes, multiple different alleles have differing effects on skin color

· skin color is also influenced by the amount of exposure to the sun.  

III. I Don't Want to Have Any Daughters Who Are Color Blind Like Me!

Frank and Awilda at Breakfast
Frank: Are you sure you want to wear that new shirt to work today?  A green and red shirt like that would be better for Christmas, not for St. Patrick's Day.

Awilda: Oh no!  Not again!  I hate being color blind!  I really thought this shirt was just different shades of green.  Where's the red?

At Dinner That Night

Awilda: We should try to find a way to make sure we only have sons, no daughters.  I don't want to have any daughters who might be color blind and have so many problems like I do.  Color blindness wouldn't matter so much for a boy.

Frank: Remember, the doctor said that, since I'm not color blind, none of our daughters would be color blind, only our sons.

Awilda: That doesn't make any sense.  Our daughters should be color blind like me and our sons should be normal like you.

Frank: No, the doctor said the gene for color blindness is on the X chromosome, so only our sons will inherit your colorblindness.

Awilda: I don't agree.  Girls have more X chromosomes than boys, so girls should be more likely to be color blind.
Help Frank to explain to Awilda why the doctor was right by answering the following questions.
1. What are the genotypes of Awilda and Frank? (Since the allele for color blindness is recessive and located on the X chromosome, use the symbol Xcb for an X chromosome with the allele for color blindness and XCB for an X chromosome with the normal allele.)  


Awilda:


Frank: 
2. Draw the Punnett square for this couple and their children.  In this Punnett Square, circle each daughter and use arrows to indicate any colorblind offspring.
3. Write an explanation to help Awilda understand why their daughters will not be colorblind like their mother.

4.  Explain why their sons will be colorblind even though their father has normal color vision.
5.  Explain why having two X chromosomes decreases a person’s risk of color blindness, instead of increasing their risk, as Awilda fears.

IV. Why won't the doctor let me nurse my baby?

Lorraine is very proud of her new baby, Jamie, and she wants to nurse him because she knows that mother's milk is the best food for a baby. She is very upset because the doctor has told her that Jamie has a genetic disease and mother's milk is dangerous for Jamie. Lorraine calls her sister Sophia who is in nursing school and complains that the doctor doesn't make any sense.
Lorraine: Dr. Weiss says that Jamie has a genetic disease and I have to feed him this special medical formula instead of giving him my good mother's milk, but I don't see how my mother's milk could hurt him and anyway he doesn't look sick at all.
Sophia: I'm so sorry! What genetic disease does Jamie have?

Lorraine: He has PKU – whatever that is! 

Sophia: PKU is phenylketonuria. Jamie has a mutated gene so he doesn't make the enzyme that is needed to process phenylalanine, one of the amino acids found in almost every protein. If Jamie eats food with normal proteins, the phenylalanine will build up to toxic levels and damage his brain and he will become retarded.
Lorraine: Sophia! Stop using all those fancy nursing school words, and explain it so a normal person can understand!
1. Help Sophia explain what happens in phenylketonuria. Explain how a mutated gene can result in a baby who looks healthy, but his brain could be damaged by drinking his mother's milk. Explain the meaning of any specialized vocabulary words like mutated gene, enzyme, amino acid, and protein. 
Lorraine: Thanks, I understand better now. But, if PKU is a genetic disease, how can it be cured just by changing what he eats?

2. Explain how a genetic disease (PKU) can be almost entirely cured by an environmental change (a change in diet).
Lorraine: Okay, I get that. But how can Jamie have inherited PKU? Neither his dad nor I have it.
3. If neither parent has PKU, but Jamie does, then the allele for PKU must be ______________ .











   (dominant/recessive)
    What is Jamie's genetic makeup?
    What is the genetic makeup of both of Jamie's parents?
V. Dog Breeder’s Dilemma -- Deaf Dalmatians

Your neighbor breeds Dalmatian dogs, and she asks for your help since your mother has been bragging that you got a perfect score on your genetics test.  Your neighbor is concerned because deafness is quite common in Dalmatian dogs.  She has two male dogs that she wants to use for breeding with some of her female dogs.  The male dogs can hear, but she does not want to use any dog for breeding if he could possibly father deaf puppies.

1.  You assume that deafness is due to a recessive allele for a single gene.  What are the possible genotypes for the male dogs that can hear?  (Use d for the recessive allele for deafness and D for the allele for normal hearing.)

2.  To test whether each of the male dogs is heterozygous or homozygous, you recommend that your neighbor mate each male dog with a specific type of female dog.  What type of female dog should your neighbor use for this test?  What would this female dog’s phenotype and genotype be?

3.  Draw the appropriate Punnett Squares to illustrate how this test would determine whether each of your neighbor’s male dogs is heterozygous or homozygous.  In the Punnett squares, circle any offspring that would be deaf.
4.  Your neighbor follows your advice and reports the results shown in the first column of the table. Complete the middle and last columns of the table to show the advice you would give to your neighbor.

	Outcome of mating
	Should the owner use this dog for breeding purposes?  Why or why not?
	How confident are you of this conclusion?

	First father:

5 puppies, 

1 deaf


	
	

	Second father:

6 puppies, 

0 deaf


	
	


You are proud of your work as a genetics advisor and you show this table to your teacher, hoping that she may give you some extra credit in your biology course.  She responds, "Oh no!  I hope you didn't give your neighbor a guarantee on your advice."

You are upset and ask her what is wrong.  She explains that biologists have discovered that the inheritance of deafness is very complex and involves more than one gene.  In humans there are at least 40 different genes that can result in deafness by causing defects in the development or function of different parts of the ear or nervous system.  Biologists still have not figured out the genes responsible for deafness in Dalmatians, but they know that more than one gene is involved.  Because the genetics is complex and not well understood, careful breeding can reduce the chance of deafness but not eliminate the possibility of deaf puppies.

You are still feeling upset, and you ask your teacher, "Do you mean to say that all the stuff you taught us about Mendel and genetics isn't really true?"

5.  How should she respond?
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