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Probability:


Intermediate Punnett Squares

URL: http://mathbench.umd.edu/modules/prob-stat_punnett-squares_advanced/page01.htm
Note: All printer-friendly versions of the modules use an amazing new interactive technique called “cover up the answers”.  You know what to do…
Introduction

In the module on probability, we talked about Laws of Probability that can be applied to, well, just about anything … rolling dice or determining the probability of survival, or playing the stock market, or genetics, to name a few. In this module, we're going to talk about another approach to probability, which is much more specific to genetics, called Punnett Squares. Punnett Squares were invented by one Reginald Punnett, a British geneticist who also studied ribbon worms and played cricket with G. H. Hardy of Hardy-Weinberg fame, one of the true big cheeses in the genetics world. 

In this module, you'll see how Punnett Squares are really just a graphical way of reproducing the basic rules of probability. 

You'll also see how to predict the phenotypic outcome from a variety of multi-loci genotypic crosses – in other words, how to predict what the kids will look like.

Reviewing the Dreaded Double Hybrid

Mr. and Mrs. Mouse both had one copy of each allele for teeth (one normal copy, one vampire fangs copy). In that sense, they were hybrids for the vampire allele. Well, they are also hydrids for the fur allele – one copy of the fluffy fur allele, and one copy of the wiry fur allele. (And let's assume that fluffy fur is a recessive trait, like vampire fangs). 
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Now there are two pairs of alleles in the mother's genotype. One allele pair has the vampire/non-vampire teeth. The other pair has flat/fluffy fur. But each egg gets only 1 allele from each of the pairs. So across the top of the Punnett Square, where we list all possible kinds of eggs, we have to list all possible combinations of one-allele-from-each-pair. This is just like the possible combinations of heads and tails on two coin flips:
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And the father has the same two allele pairs. To make a baby, Mr. Mouse flips his two coins, and Mrs. Mouse flips her two. We can make a Punnett Square to help us figure out what their babies should look like. 

Once again, I know you've seen this kind of Punnett Square in Introductory Biology. But if you're like most people (including me), you don't quite remember where everything goes. However, please do not "look it up". I will ask you some leading questions, but the idea is for you to figure it out, then you won't need to memorize it or look it up. 
					
					
					
					
					

	
	1. Put Mom's egg choices along the top. Put Dad's sperm choices along the side. (Put the teeth gene first and the fur gene second). Each egg or sperm could have the allele for fangs or normal teeth, AND the allele for fluffy or normal fur. Click the buttons to see if you filled it out correctly. 

2. That was the hard part. Now that we have the borders of the table done, you can fill in the middle. Each square represents 1 baby, and each baby is going to get one fur and one teeth allele from Mom, and one fur and one teeth allele from Dad. List all four alleles in the box for each box. This gives you the genotype.

3. By looking at each box, you can figure out what should each baby look like (i.e., what's its phenotype). So, fill in the questions below:


How many normal?   [image: image11.wmf]
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fluffy?  [image: image13.wmf]

 fangs?  [image: image14.wmf]
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fangs and fluffy?  [image: image16.wmf]


Answers: normal: 9,  fluffy: 3,  fangs: 3,  fluffy and fangs: 1 [image: image17.png]



This is the famous 9:3:3:1 ratio. 

But is the ratio exact? (hint: NO)

As you probably know, ANY dihybrid cross will give you the same result - a 9:3:3:1 ratio. 

Does that mean that if Mr. and Mrs. Normal have exactly 16 kids, they are guaranteed exactly and no more than one super-superhero? Of course not. But it is likely that they will have kids in approximately these ratios. It’s the same principle as flipping a coin- 16 flips will not always lead to exactly 8 heads. 
	The online version of this module contains an interactive applet which allows you to see randomness in action. To find this applet go to: http://mathbench.umd.edu/modules/prob-stat_punnett-squares_advanced/page05.htm
	


Not all double crosses are dihybrids ! 

Or you could make a cross involving 2 gene pairs (2 coins for each parent) but the parents are not dihybrids. Let's try one of those: 

Going back to vampire teeth and fluffy fur, lets abbreviate with T for normal teeth, t for vampire fangs, F for normal fur, and f for fluffy. And say the 

· mom is TtFF

· dad is ttFf

So mom is complete normal looking and dad has fangs but normal fur. 

Before you fill out the Punnett square, think for a moment about what to expect. For example, mom has only dominant fur alleles to contribute, so ALL babies must have normal fur. So instead of 4 possible phenotypes, there are only 2 (normal and fanged). What about teeth? Dad will always contribute the recessive allele, but half of the time it will be cancelled out by mom's dominant. So you might expect and half-and-half sort of situation. Now try the Punnett Square:
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  fluffy? [image: image22.png]


[image: image23.wmf]
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This time the ratio of normal:vampire:fluffy:both comes out to 8:8:0:0, or half normal and half vampire. It's important to remember that just because you're trying to figure out the proportions of phenotypes and there are 2 genes involved, it does NOT NECESSARILY mean that there will be a 9:3:3:1 ratio!!

Ms. Heterozygote meets Mr. Recessive...

This time mom is a heterozygote -- she looks normal, but she's hiding one copy of each of the recessive genes. She takes a walk on the wild side, and mates with a dad who shows both of the recessive traits 

· mom is TtFf

· dad is ttff

Again, think for a moment about what to expect....

Did you think about it? Here's what I think: Dad will always contribute the same sperm: tf. So in a sense, mom controls the outcome. One-quarter of the offspring will look like each of mom's 4 possible egg types. 

Now try the Punnett Square:
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  fluffy and fanged? [image: image32.png]


[image: image33.wmf]

  


As predicted above, the ratio of normal:fluffy:vampire:both came out to 4:4:4:4, or one-quarter for each phenotype.

Fuzzy meets Fangy 

Finally, let's divide the recessive traits up among the two parents, so that each parent has one recessive trait and is only a carrier for the other recessive trait 

· mom is Ttff

· dad is ttFf

OK, I'm thinking about what to expect.... still thinking .... now my head is starting to hurt. This would seem to be a bona fide case of easier-to-fill-out-the-square-than-try-to-think-about-it.
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Hmm, once again, the ratio is 4:4:4:4. Good to know, I guess. 

Back to Probability 

Let's say you wanted to figure out how many vampiric but non-fluffy mice would come out of a Ttff * ttFf cross (the same cross we just did on the last page), without drawing a Punnett Square. How could you do it?

The first step would be to figure out what genotypes would lead to a vampire mouse. 

· Vampiric can only happen in one way: tt 

· Non-fluffy can happen in two ways: FF or Ff

So the mouse's complete genotype would have to be either ttFF or ttFf. Since these genotypes are mutually exclusive, we can use the Law of OR to add up the probabilities.


P(vampiric but non-fluffy mouse) 

= P(ttFF OR ttFf) = P(ttFF) + P(ttFf)

There is only one way that ttFF can occur:
	For easy reference: 

	mother's genotype = Ttff

	father's genotype   = ttFf



P(ttFF)

= P((mother=t AND father=t AND mother=F AND father=F)

=0.5*1*0*0.5 

= 0.0 --> meaning this genotype is not possible 

The other genotype is a little trickier.


P(ttFf)

= P((mother=t AND father=t AND mother=F AND father=f) OR

(mother=t AND father=t AND mother=f AND father=F))


= 0.5*1*0*0.5 + 0.5*1*1*0.5 

= 0 + 0.25 

= 0.25

Finally we can go back to our original equation, and see that 


P(vampiric but non-fluffy) 

= P(ttFF OR ttFf) = P(ttFF) + P(ttFf)

=0.0 + 0.25 

= 0.25

This is the same result that we found using a Punnett Square. The two methods give exactly the same results, so which one you use depends entirely on convenience and personal preference.

Really big Punnett Squares 

In fact we could use Punnett Squares to determine what happens when there are more than 2 genes. For example, in a five-way cross, mom and dad each have 5 traits by which their egg or sperm can differ. Along the top you would need to list each possibility. If you called the gene pairs Aa, Bb, Cc, Dd, Ee, then the first entry along the top of the Punnett Square could be ABCDE, followed by ABCDe, then ABCdE, then ABcDE, etc. 

	How many rows and columns would there be in a 5-way cross?

· Well, the first gene has two choices, the second gene has two, and so on. 

· What is 2*2*2*2*2? 

Answer: 32 columns and 32 rows in the Punnett Square, and over 900 offspring genotypes. 


Yuck. If you needed to work with the number of genotypes in the question above, I would suggest using the rules of logic (AND and OR) we have already discussed - and not a Punnett Square! But luckily you don't need to do that now. 

Just for the really curious, here is the tri-hybrid cross AaBbCc x AaBbCc. I'm not going to fill in the kids, but you would know how to do it, right?
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Fun, huh? One thing you can notice from this table is that there is only ONE way to get the all-recessive phenotype -- the very last square. So the proportion of triple-recessives from a dihybrid cross is approximately 1/64. The other things to notice about the table would take some time to work out... And of course, not all triple crosses are tri-hybrid crosses. 

Review
A Punnett Square shows all the possible combinations all two sets of alleles, where the first set of alleles shows all possible gamete types contributed by the mother, and the second set shows possible types contributed by the father. We put the mother accross the top and the father accross the left hand side, but you could do it the other way around. 

The Punnett Square for a mother that was Tt and a father that was Tt would yield approximately a 3:1 ratio of dominant to recessive phenotypes (and approximately a 1:2:1 ratio of AA, Aa, aa genotypes). Any other combination of parental genotypes can be figured out similarly, and will yield different ratios of genotypes and phenotypes (so don't assume that 3:1 is the answer to every problem!!!)

If you are trying to find the results of a cross involving 2 genes (i.e., fur AND teeth), then you need a bigger Punnett Square. With 2 genes, each parent can contribute 4 different gamete types, and you need to list each of the 4 on the top (mother) or side (father) of the Punnett Square. For example, in a double hybrid cross (AaBb x AaBb):
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This gives the famous 9:3:3:1 ratios for phenotypes. Again, note that this ratio ONLY holds if you specifically have a dihybrid cross. If you cross, say, AABb x Aabb, you will get a completely different ratio (8:8:0:0, in case you're curious). If you are asked to find the phenotypic ratios, check first whether the problem involves a dihybrid cross -- if not, always work out the Punnett Square. 
All of these phenotypic ratios are approximate, because they're being produced by random processes -- just like you get approximately 50% heads when you flip a coin. 

The probability of a given phenotype can also be found by using the laws of probability. First, you need to identify all possible genotypes that would produce the desired phenotype. Then you use the Law of AND (multiply probabilities) to determine how likely each genotype is (i.e., multiply the probability of getting each of the four alleles in the genotype). Finally, you use the Law of OR (add the probabilities) to determine how likely it is that one of the possible genotypes was created.
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