Genetics Problems – Try these out. Answers on the second page.
For the following problems assume that albinism (the inability to produce melanin, the dark pigment in humans) is inherited as a genetic recessive. Also, assume that Chondrodystrophic dwarfism (a particular type of dwarfism) is inherited as a genetic dominant. Answer the following questions, showing all steps in your problem solving. Use Aa for albinism and Dd for dwarfism.
1. A homozygous dwarf mates with a person of normal height. What is the chance that their offspring will be normally heighted?

2. A dwarf, whose mother was a dwarf but whose father was not, mates with a person of normal height. What is the chance that their first offspring will be a dwarf?

3. Two normally-pigmented people give birth to an albino child. What must be the genotype of the parents?

4. Two albinos plan to have offspring together. What is the chance that their first offspring will be an albino? The second offspring?

5. A normally heighted albino mates with a normally pigmented dwarf, whose father was a normally pigmented dwarf, but whose mother was a normally heighted albino. What is the expected phenotype of the offspring? What is the expected genotype? What kinds of gametes will the offspring be able to produce? Assume that the genes for albinism and dwarfism reside on different chromosomes. What possible phenotypes and genotypes could result from this union?
6. What would be a cognent explanation if two albinos mate and produce a normally-pigmented child?

Answers.
1. Dwarfism is dominant, so a person only needs one gene to be a dwarf. We are told the person is homozygous so their genotype is DD. A normally-heighted person would be dd. The resultant offspring would all receive one D gene from one parent and a d gene from the other and, thus, would all be heterozygous (Dd) and dwarf. What is the chance that their offspring will be normally heighted? Zero chance (that is, they will all be dwarf). 
2. If we know that the dwarf had one normally-heighted parent, we can conclude that the person is a heterozygote (Dd). Thus, half of their gametes will carry the dwarf gene. Since the gene is dominant, this means that half of all their offspring will be dwarf.

3. This is the typical situation. Reasoning backwards, since the child is albino and because albinism is inherited as a recessive trait, it means that the child has two albino genes. We get our genes from our parents, so each parent has donated one albino gene. Because they are normally pigmented we can conclude that both parents are heterozygous Aa. They are said to be “carriers” of the albino gene.

4. Albinos are homozygous aa because it is a recessive trait and that’s what recessive really means: you need two genes to have the trait. And, conversely, dominant really means that it takes only one gene to express the trait. We can also state this: A dominant trait is a trait that expresses itself in the heterozygote. (Study that last sentence a bit and convince yourself that it makes sense in light of the two previous sentences.)  Albinos only have “a” genes to give, so all the offspring would receive one albino gene from each parent and would be albino.
5. We are tracking two traits in this problem. The genetics is the same, we just need to keep everything straight. The first parent would have the genotype: aadd and the second would have the genotype AaDd. Why? Stop here if you don’t see why this would have to be the case. Study the information given about the parents of the dwarf in the mating.
First, we determine the possible gametes of each parent, and write them along the left side and top of the Punnett square. We will use a four by four square – indicating the possible outcomes of meiosis with segregation of alleles.
Parental genotype = aadd, the only possible gametes are of one type, ad

Parental genotype = AaDd, the possible genotype are four, AD, aD, Ad and ad
So, given that, the Punnett square looks like this:
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counting up, we have

¼ = dwarf, but normally pigmented

¼ = albino, but normal height
¼ = albino and dwarf

¼ = normal pigmentation and normal height

Note: The Punnett square gives us the expected probabilities of each new offspring. Since having offspring are independent events, the first, the second, the next --- are all the same question, the answer being derived from the Punnett square.

6. This is a “non-Mendelian” genetic problem in that the information given isn’t consistent with what we were told about albinism. But, we can conclude that the two albino genes involved (one from each parent) must act (or fail) at different steps in a metabolic pathway that leads to the production of the pigment. So, one parent lacks one necessary enzyme, and the other parent lacks a different enzyme. The offspring, however, can make the pigment because they did receive genes for all necessary enzymes to make the pigment. Again, we start our reasoning backwards – the offspring can produce melanin so they have all the necessary enzymes, the parents ….  and so on.

By the way – this added complexity does in fact occur in albinism, PKU and other recessive traits that involve metabolic pathways in their expression. This makes sense knowing what we know about how metabolic pathways are structured.

Another Note:

In questions 1,2 and 4 I used the word “chance” in framing the questions. More correctly, the word “probability” should be used in all cases. Chance is a concept that is often described as a percentage. The only correct values for probability are between and including (0.0 ----1.0). A zero probability means something “can’t happen.” In practice this translates to “has not been shown to happen.” A 1.0 probability means something “will happen.” Again, in practice this means “has always happened under these conditions.” So, the answers to 1,2 and 4 restated and refined are:
#1.  A probability of 0.0 that the child would be normal heighted. 

#2. A probability of 0.5 that the offspring would be dwarf.

#4. A probability of 1.0 that their children will be albino.
These probabilities are distorted by mutation rates and so the model becomes more complex than just Mendelian genetics.
