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Examining Human Variation Using Pom-Pom Genetics

Introduction: Students often ask how people get their eye color or hair color or height. We like to use these examples because they are obvious traits. However, these traits are complicated. Nevertheless, we can model many of the inherited traits that help define us. 
A: Ears say what? 
Did you know that there are two types of earwax? Some people have a wet earwax and some a dry earwax. The ABCC gene on chromosome 11 controls your earwax. If the 538th nitrogenous base is a G you have the dominant allele. You’ll have an arginine as an amino acid in a particular spot on the protein that produces earwax and you get the dominant wet earwax. If that base is an A, it’s the recessive allele and you get a glycine amino acid in that spot and dry earwax. You may think this trait is unimportant, but the protein involved also affects our body odor and possibly pre-disposition to breast cancer. Here’s a fun fact: dry earwax is most common in East Asia.
Let’s examine the inheritance using pom-poms
1. You will need one plastic cup. This is your gene.
2. Place a Red pom-pom and a Black pom-pom in your cup. These are your alleles. Red will represent dominant (W), black will represent recessive (w). Are you Heterozygous or Homozygous?
3. Your partner should do as you did.
4. The Dixie™ cup represents your child’s gene. 
5. With your eyes closed, place one of your alleles into your child’s gene. Your partner should do the same.
6. Identify the alleles in your child’s gene. What is your child’s genotype? What is your child’s phenotype?
7. Draw a Punnett square that illustrates what you just did.
8. Try the process again, but one partner should change his or her alleles to either both red or both black. Identify the child’s genotype and phenotype.
Trial 1:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:


Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________
Trial 2:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:



Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________

What type of inheritance is this? _____________________________________________

Why do you only place one pom-pom in the child’s gene cup?



B: Have you got the blues?
It’s too complicated to examine skin color yet, but did you know that there are a few people who have blue skin? A mutation in the HBB gene on chromosome 11 affects the production of the beta protein for hemoglobin. There are a number of alleles for this gene. One allele, common in Africa, can cause sickle cell anemia, which you are familiar with. Another allele, common in Mediterranean countries, causes thalessemia. Another allele causes methemoglobinemia. This condition is dominant. A person with methemoglobinemia (HB-M) produces a version of hemoglobin that is not good at carrying oxygen. Because of this, their blood is dark and their skin will have a bluish tint. While they may exhibit shortness of breath, generally the symptoms are mild. HB-M is very rare unless you are a member of some Native American Indian tribes or the Fugate family of eastern Kentucky.

Let’s examine the inheritance using pom-poms
1. You will need one plastic cup. This is your gene.
2. Place a Red pom-pom and a Black pom-pom in your cup. These are your alleles. Red will represent dominant (M), black will represent recessive (m). Are you heterozygous or Homozygous?
3. Your partner should do as you did.
4. The Dixie™ cup represents your child’s gene. 
5. With your eyes closed, place one of your alleles into your child’s gene. Your partner should do the same.
6. Identify the alleles in your child’s gene. What is your child’s genotype? What is your child’s phenotype?
7. Draw a Punnett square that illustrates what you just did.
8. Try the process again, but one partner should change his or her alleles to either both red or both black. Identify the child’s genotype and phenotype.
Trial 1:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:



Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________
Trial 2:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:



Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________

What type of inheritance is this? _____________________________________________

If a trait is dominant, why can it be rare? 



C: Let’s get something straight: 
Hair color is complicated but hair texture seems a bit simpler. Recently, the THCC gene on chromosome 1 has been identified to determine whether a European has curly, wavy or straight hair. Actually, Africans, Asians, and Native Americans have this gene too, but its effects are masked by other genes. There are two THCC alleles. One allele has an A in a particular place and contains instructions for curly hair. The other allele has a T in the same place and contains instructions for straight hair. If you have two of the A alleles you get curly hair. If you have two T alleles you get straight hair. But neither A or T is completely dominant. In order to have more than two phenotypes, something other than simple dominance must be going on?  So how do you think you get wavy hair?

Let’s examine the inheritance using pom-poms
1. You will need one plastic cup. This is your gene.
2. Place a Red pom-pom and a Black pom-pom in your cup. These are your alleles. Red will represent the A allele, black will represent the T allele. Are you heterozygous or Homozygous?
3. Your partner should do as you did.
4. The Dixie™ cup represents your child’s gene. 
5. With your eyes closed, place one of your alleles into your child’s gene. Your partner should do the same.
6. Identify the alleles in your child’s gene. What is your child’s genotype? What is your child’s phenotype?
7. Draw a Punnett square that illustrates what you just did.
8. Try the process again, but one partner should change his or her alleles to either both red or both black. Identify the child’s genotype and phenotype.
Trial 1:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:



Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________
Trial 2:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:




Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________

What type of inheritance is this? _____________________________________________

How does incomplete dominance differ from co-dominance? Which inheritance is this?




D: Blood is thicker.
There are four common blood types: A, B, AB and O. The gene for blood type is called ABO and is found on chromosome 9. There are three alleles for blood type, IA, IB, and i. When there are more than two alleles we say there are multiple alleles. IA and IB are co-dominant, and i is recessive to both of the others. A person with IA IA (homozygous) or IA i (heterozygous) is type A. A person with IB IB or IB i is type B. A person with IA IB is type AB and a person with ii is type O. If you’re curious about the + or – part (the Rh factor), it’s inherited like the ear wax example.
Let’s examine the inheritance using pom-poms
1. You will need one plastic cup. This is your gene.
2. Take 2 red (IA), 2 black (IB), and 2 blue, (i) pom-pom and place them on the table. Since you only have two alleles for this gene, close your eyes and pick two of these pom-poms for your gene (your cup).
3. Your partner should do as you did.
4. The Dixie™ cup represents your child’s gene. 
5. With your eyes closed, place one of your alleles into your child’s gene. Your partner should do the same.
6. Identify the alleles in your child’s gene. What is your child’s genotype? What is your child’s phenotype?
7. Draw a Punnett square that illustrates what you just did.
8. Try the process two more times, but one partner should change his or her alleles to some other pair. Identify the child’s genotype and phenotype.
Trial 1:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:


Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________
Trial 2:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:



Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________

Trial 3:
Your Alleles: ______   ______	Partner’s Alleles: _____   ______
Punnett Square:



Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________

Is it possible for a homozygous type A person and a heterozygous type B person to have a child who is type O? Explain.

E: The eyes have it:
Yes, eye color is complicated. Not only are there three main colors, but there are many shades of those colors and some eyes have rings around the pupil while others have rays coming out from the iris (the black part). Much of this genetics has not been worked out. However, this much is known: eye color involves two separate genes. When two genes affect a trait, and one of those genes affects the other, it is known as epistasis. The gene EYCL2 (also called BEY2 or OCA2) on chromosome 15 has two alleles. One allele (B) codes for a brown pigment. It is dominant over the other allele (b) which doesn’t produce a pigment. A second gene, known as EYCL1 (or GEY) on chromosome 19 also has two alleles. One allele (G) codes for a green pigment and is dominant over the other allele (g) that also does not produce any pigment. So, if you have one B in the EYCL2 gene you will have brown eyes, no matter what happens with the other gene. If you are bb in the EYCL2 gene, then the other gene comes into play. If you have one G allele on the EYCL1 gene, you will have green eyes (remember, the first gene has to be bb for this to matter). If you are bb and gg you have baby blues. Perhaps having a BB makes your brown darker. Perhaps having at least one B and one G makes your eyes greenish brown. Perhaps a third gene plays a role? There’s much to learn.
Let’s examine the inheritance using pom-poms
1. You will need two plastic cups. These are your two genes.
2. Take two black pom-poms (representing B) and two dark blue pom-poms (representing b). With your eyes closed, put two of these four into your first cup.
3. Take two green pom-poms (representing G) and two light blue (or purple) pom-poms (representing g). With your eyes closed, put two of these into your second cup.
4. Your partner should do as you did.
5. Two Dixie™ cups will represent your child’s genes. 
6. With your eyes closed, place one of the alleles from your first gene into your child’s first gene. Your partner should do the same.
7. Then, with your eyes closed again, place one of the alleles from your second gene into your child’s second gene. You partner should do the same.
8. Identify the alleles in your child’s gene. What is your child’s genotype? What is your child’s phenotype?
9. Draw a Punnett square for each gene that illustrates what you just did. (Do you know how to do it with one Punnett square?)
10. Try the process again, but one partner should change his or her alleles to some other pair. Identify the child’s genotype and phenotype.
Trial 1:
Gene 1: Your Alleles: ____   ____  Partner’s Alleles: ___   ____  Gene 2: Your Alleles: ____   ____Partner’s Alleles: _____   ______
Punnett Square:


Gene 1: Child’s Alleles: _____   ______  Child’s Genotype_________  
Gene 2: Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________
Trial 2:
Gene 1: Your Alleles: ____   ____  Partner’s Alleles: ___   ____  Gene 2: Your Alleles: ____   ____Partner’s Alleles: _____   ______
Punnett Square:


Gene 1: Child’s Alleles: _____   ______  Child’s Genotype_________  
Gene 2: Child’s Alleles: _____   ______  Child’s Genotype_________  Child’s Phenotype_________________________

F: How many Blondes does it take to…?:
OK, let’s try hair color. There may be as many as eleven genes that affect your hair color. Perhaps the most significant gene is MC1R on chromosome 16. Geneticists aren’t totally sure what the other genes are. We can approximate this polygenic inheritance if we look at three genes each with two alleles each. In this model, each gene does the same thing (perhaps they are copies of MC1R), it either produces a brown pigment (dominant) or no pigment (blonde). The more brown pigment (called eumelanin) you produce, the darker brown your hair. If all your alleles are b, you’ll have very blonde hair (but not albino white—that’s something else) Sorry Gingers, you’ll have to wait for part G. Oh, and skin color probably works the same way and uses the same genes.
Let’s examine the inheritance using pom-poms
1. You will need three plastic cups. These are your genes.
2. Take 6 black pom-poms (representing B) and 6 red pom-poms (representing b). With your eyes closed, put two of these 12 into your first cup. Then put two in your second cup and two in your third cup.
3. Your partner should do as you did.
4. Three Dixie™ cups will represent your child’s three genes. 
5. With your eyes closed, place one of the alleles from your first gene into your child’s first gene. Your partner should do the same.
6. Then, with your eyes closed again, place one of the alleles from your second gene into your child’s second gene. You partner should do the same.
7. Repeat this with the third gene.
8. Identify the alleles in your child’s gene. What is your child’s genotype (how many B)? What is your child’s phenotype? The more B the darker the hair. (Don’t bother with a Punnett square here)
9. Try the process again, but one partner should change his or her alleles to some other pair. Identify the child’s genotype and phenotype.
Trial 1:
Gene 1: Your Alleles: ____   ____  	Partner’s Alleles: ___   ____  
Gene 2: Your Alleles: ____   ____ 	 Partner’s Alleles: ____   ____
Gene 3: Your Alleles: ____   ____  	Partner’s Alleles: ____  ____
Gene 1: Child’s Alleles: _____   ______  Gene 2: Child’s Alleles: _____   ______  Gene 3: Child’s Alleles: _____   ______  
Child’s Phenotype_________________________

Trial 2:
Gene 1: Your Alleles: ____   ____  	Partner’s Alleles: ___   ____  
Gene 2: Your Alleles: ____   ____  	Partner’s Alleles: ____   ____
Gene 3: Your Alleles: ____   ____  	Partner’s Alleles: ____  ____
Gene 1: Child’s Alleles: _____   ______  Gene 2: Child’s Alleles: _____   ______  Gene 3: Child’s Alleles: _____   ______  
Child’s Phenotype_________________________

How might height be genetically controlled in a similar manner?


How might genetic controls of height and hair color be affected by the environment?

G: Adding ginger to the recipe.
There is another entirely different gene that causes red hair. This gene is ASIP on chromosome 20. Having a red (R) allele here will produce a protein that reduces the amount of eumelanin produced by the protein made by MC1R. This causes cells to produce at least some pheomelanin, a reddish pigment.  Having two red alleles (RR) will give you more red and less brown. The recessive allele (r) produces no pigment, so rr means no pheomelanin. Of course, you can only see the red if it is not entirely masked by the brown pigment produced by the other set of genes. Medium brown color plus red gives you auburn. Blonde plus red is strawberry blonde. Really light blond plus homozygous red means you have very red hair and, since the eumelanin and pheomelanin also affect your skin color, you’ll have very pale skin and maybe freckles and maybe resistance to anesthesia. At least, this is what the model and the evidence indicate.
Try it out in conjunction with your results for part F. You can figure out how to do it. Describe your results here:









H: It’s sex-linked and I know it:
Humans have 23 pairs of chromosomes, 22 pairs of autosomes and one pair of sex chromosomes. People who have two X chromosomes are female while people with one X and one Y chromosome are male. There are no genes to make someone female, but the X chromosome carries many genes that affect us. Negative mutations on the X chromosomes cause sex-linked genetic disorders. Most of these, such as colorblindness are recessive, but some, such as Rett Syndrome are dominant. Rett Syndrome is caused by mutations of the MECP2 gene on the X chromosome. The gene plays a role in DNA and RNA synthesis in brain cells. Girls with this disorder have profound cognitive impairment and brain deformity.  X-linked dominant disorders like this are usually lethal for boys. There are genes that make us male and these are carried on the Y chromosome. There doesn’t seem to be any other genes on the Y so mutations on the Y only cause sex related problems. Color blindness is a recessive trait controlled by a number of genes on the X chromosome that you’re familiar with. However, the X chromosome also carries a gene (NYX) that affects night blindness. Using the pom-poms, design demonstrations to illustrate a how night blindness and Rett syndrome are passed on. Record your process and results here:

I: I am who I am:
Sometimes traits are determined by multiple genes. Sometimes traits are determined by multiple alleles. Sometimes, both are in effect. While you can be identified by your hair color, eye color, blue skin, sex etc. no trait identifies you more clearly and uniquely than your Human Leukocyte Antigens (HLA-1), a set of genes on chromosome 6. These are also known as Major Histocompatibility Complex-1 (MHC-1). These proteins mark every one of your cells as you. Every person in the world (except identical twins) has a unique protein on the surface of cells that marks him or her as, well, him or her. You’ll be more similar to your family members and ethnic group, but yours are just yours. There are probably 6 different genes involved in making this protein, but three genes account for most of the variation. More significantly, there are many, many alleles for each of these genes. HLA-A- has about 1700 alleles, HLA-B has about 2300 alleles, and HLA-C has about 1300. Not all of these alleles produce differences in the protein, but many do.  
So, how many combinations are possible? Well, you would have two HLA-A alleles so that’s 1700 x 1700 = 2,890,000 possibilities. Then you would have two HLA-B alleles so that’s 2300 x 2300 = 5,290,000 possibilities. Finally, you have two HLA-C alleles so that’s 1300 x 1300 = 1,690,000. But, you have all three genes so that’s 2,890,000 x 5,290,000 x 1,690,000 = 2.6x1019 (26,000,000,000,000,000,000) possibilities. That’s more than enough for every person who has or will exist to have a unique combination. Because some of the alleles actually differ in only 1 base and don’t produce different proteins, we don’t actually get that many different proteins produced. These are known as single nucleotide polymorphisms (snp). So, when we do the actual math with alleles that produce different proteins, the number of distinct HLA-1 is about 398,455,200,000, and as more is learned and alleles discovered, that number may rise. Still more than the number of humans that will ever have existed (probably). There aren’t enough pom-poms in the world to model this! And did we mention that there are also HLA-2 and HLA-3 proteins?
However, we can look at a genetic disorder that can help us understand how polygenic traits with multiple alleles can generate many possibilities. Have you ever wondered how people can have the same disorder but to different extents and with different symptoms? Bardet-Biedl syndrome (BBS) is a disorder with symptoms that can vary greatly among people. Symptoms include vision loss, obesity, extra fingers and toes, infertility, fused fingers and toes, kidney problems, cognitive impairment and many other problems. Even family members with BBS can have different symptoms. BBS occurs in 1 in 150,000 North Americans and Europeans but 1 in 17,000 people from New Foundland and 1 in 13,500 Kuwaiti Bedouins. The BBS genes code for chaperonin proteins. The mutations that cause BBS affect the ability of our cells to fold proteins that help make up cilia. When a mutation in a very fundamental gene has far ranging effects, we say it is pleiotropic. It appears that there may be more than 12 genes, spread among many chromosomes, involved in this disorder and they have many alleles. We still don’t have enough pom-poms. So let’s say that there are three genes involved (that’s three cups for you, three for your partner, and three for your child) and let’s try three alleles for each gene (that means you’ll need three colors for each gene). Design a demonstration of this inheritance and record your process and results here:









How many different combinations would three genes, each with three alleles generate? Show your work:


J (the part you do at home): Who are you? 
So, who are you? Do you have dry or wet earwax? How about your eyes, hair and skin? How many B alleles for hair color do you think you have? Do you have a G allele for eye color? Do you know (or can you guess at) your blood type or HLAs? Does your ethnic heritage affect your hemoglobin or other traits? How did you get these traits? How has your environment modified these traits? So, realizing that you are so much more than your genes, tell us about your genetic self (reveal only what you are comfortable with):










































Want to know more? Most of the information in this activity comes from:
Genetics Home Reference, http://ghr.nlm.nih.gov/
Myths of Human Inheritance, http://udel.edu/~mcdonald/mythintro.html
Genes and Disease, http://www.ncbi.nlm.nih.gov/books/bv.fcgi?call=bv.View..ShowTOC&rid=gnd.TOC&depth=2
Understanding Genetics, http://www.thetech.org/genetics/index.php
