Genetics & Probability Instructor Notes


Lesson Objective: Students will be able to calculate the chances of organisms having particular genetic factors using Punnett Squares and probability.

Which thumb is on top?  

If your right thumb is on top it is considered a dominant trait (B) and left thumb on top is a recessive trait (b).  A person who put the right thumb on top could have BB or Bb and a person who put the left thumb on top could only have bb.  We can show the possible characteristics of offspring of 2 parents with these characteristics using a Punnett Square.

Parents carry two traits, phenotype (what you see) and genotype (genetic make up), which can show up as heterozygous or homozygous.  For example,

Bb is heterozygous because it has a dominant and recessive.

BB or bb is homozygous because both are either dominant or recessive.

	
	B
	b

	 b
	Bb
	bb

	 b
	Bb
	bb


(This represents parent traits with dominant thumb (heterozygous)

The box represents the possible traits of thumb for offspring.  In 
this example there is a 50% chance of having the dominant thumb 
and 50% chance of the recessive thumb.

(
This represents parent traits with recessive thumb (homozygous)
Probability is the ratio of the outcomes of an event to the total number of outcomes.  It can be written as a ratio, fraction, decimal, or percent, depending upon the situation.
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(both homozygous)
	
	B
	B

	 b
	Bb
	Bb

	 b
	Bb
	Bb



In this example, the offspring have a 100% chance of having the 
dominant thumb.
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(both heterozygous)
	
	B
	b

	 B
	BB
	Bb

	 b
	Bb
	bb



In this example, the offspring have a 75% of having the dominant 
thumb and 25% chance of the recessive thumb.
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How might we use genetic characteristics in agriculture?

Discuss how genetics can be used in breeding programs to derive desired traits in animals and how plants are genetically modified to produce healthier, disease- and pest-resistant plants.
Example 1: Polled cattle (no horns) are dominant to cattle with horns.  If a homozygous polled bull is bred to a horned cow, what are the chances of having polled offspring.
Let the bull’s traits be represented as PP (homozygous, dominant) and the cow (homozygous, recessive.

	
	P
	P

	 p
	Pp
	Pp

	 p
	Pp
	Pp


Since all 4 possible traits of the offspring carry P, there is a 100% chance that the offspring will be polled.

Try it:  In swine, mule foot is a dominant trait to normal feet.  If two heterozygous mule foot hogs are bred, what are the chances of the offspring having normal feet?

	
	M
	m

	 M
	MM
	Mm

	 m
	Mm
	mm
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Example 1 is a monohybrid cross.  Notice that each parent has 2 traits that are passed along to offspring and that there are four possible outcomes for the offspring.
The Fundamental Counting Principle states that if one event can occur m ways and another event can occur in n ways, then the number of ways both events can occur is the product m*n ways.

Since parent one has 2 events and parent two has 2 events in example 1, the Fundamental Counting Principle determines that there are 2 ( 2 or 4 ways both events can occur.

Some events might occur more than once, but the Fundamental Counting Principle can be used to determine the total number of ways the events can occur.

Example 2: A polled black bull (PpBb) is mated to a horned red cow (ppbb).  How many possible outcomes are there?  What are the chances that the offspring are polled and black?

Each parent can pass along 4 possible outcomes, so 4 ( 4 = 16 possible outcomes.
This is a dihybrid cross and notice the Punnett Square produced 16 outcomes for the offspring.

	
	PB
	Pb
	pB
	pb

	pb
	PpBb
	Ppbb
	ppBb
	ppbb

	pb
	PpBb
	Ppbb
	ppBb
	ppbb

	pb
	PpBb
	Ppbb
	ppBb
	ppbb

	pb
	PpBb
	Ppbb
	ppBb
	ppbb


To be polled the offspring must have P and black must have B. 
[image: image5.wmf]
Try it: A polled red bull (Ppbb) is mated to a horned red cow (ppbb), what are the chances that the offspring are polled and black? Polled and red?

	
	Pb
	Pb
	pb
	pb

	pb
	Ppbb
	Ppbb
	ppbb
	ppbb

	pb
	Ppbb
	Ppbb
	ppbb
	ppbb

	pb
	Ppbb
	Ppbb
	ppbb
	ppbb

	pb
	Ppbb
	Ppbb
	ppbb
	ppbb


To be polled the offspring must have P and black must have B. 


[image: image6.wmf] There is no chance of having a polled black calf.
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While Punnett squares give a visual representation of the possible outcomes, they can become unwieldy when considering multiple traits.  The use of probability of independent events can simplify the process.

Probability of independent events – If A and B are independent events, then the probability that A and B occur is 
[image: image8.wmf].
Example 3: A polled red bull (PPBb) is mated to a polled red cow (Ppbb), what are the chances that the offspring are polled and black?

4 ( 4 = 16 possible outcomes

P(polled) = 
[image: image9.wmf]
 

	
	P
	P

	 P
	PP
	PP

	 p
	Pp
	Pp


P(black) = 
[image: image10.wmf]
	
	B
	b

	 b
	Bb
	bb

	 b
	Bb
	bb


      P(polled and black) = 
[image: image11.wmf]




Try it: In swine, white color is dominant to non-white color and mule foot is a dominant trait to normal feet.  If a white-colored, mule-footed boar (WwMm) is bred with a white-colored, normal-footed sow (Wwmm), what are the chances of the offspring being white-colored with normal feet?

P(white-colored) = 
[image: image12.wmf]
	
	W
	w

	 W
	WW
	Ww

	 w
	Ww
	ww


P(normal-footed) = 
[image: image13.wmf]
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	Mm
	mm

	 m
	Mm
	mm


P(white-colored and normal-footed) = 
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Extension:  Consider the probability of the offspring produced by parents with AaBBcc and AABbCc.

What is the total number of possible outcomes for the offspring?

What is the probability of the offspring having all dominant features?

6 (6 = 36
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Example 4:  What is the probability of drawing a 7 in a standard deck of 52 cards?

There are four 7’s in a 52-card deck, so the probability is 
[image: image16.wmf]
Try it:  If the probability of it raining is 30%, what is the probability of it not raining?

100%-30% = 70%
Example 5:  A store makes custom paints using a base, a texture, and a pigment.  If the store has 3 different bases, 5 textures, and 500 pigments, how many different paints can be mixed?

Using the Fundamental Counting Principal, 
[image: image17.wmf] different paints.
Try it:  How many possible landline phone numbers are available in the city of Alpena?

In Alpena, there is 354, 356 , and 358 area codes for landline phone numbers.  Using the Fundamental Counting Principal, there are 
[image: image18.wmf] possible phone numbers.
Example 6:  A coin is tossed and a die is rolled.  Find the probability P(tails and 1).

P(tails and 1) = 
[image: image19.wmf]
Try it:  A card is drawn from a 52 card deck and is replaced before a second card is drawn, what is the probability of drawing a Queen both times.  What would be the probability if the first card drawn were not replaced before the second card is drawn?

P(Queen and Queen) = 
[image: image20.wmf]  (with replacement)

P(Queen and Queen) = 
[image: image21.wmf] (without replacement)





































1) Use Fundamental Counting Principle to determine the total number of possible outcomes.


2) Determine the probability of polled.


3) Determine the probability of black.


4) Find the probability of polled and black using the probability of independent events.
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