Probability of Inheritance
The value of studying genetics is in understanding how we can predict the likelihood of inheriting particular traits.  This can help plant and animal breeders in developing varieties that have more desirable qualities.  It can also help people explain and predict patterns of inheritance in family lines.

One of the easiest ways to calculate the mathematical probability of inheriting a specific trait was invented by an early 20th century English geneticist named Reginald Punnett.  His technique employs what we now call a Punnett square.  This is a simple graphical way of discovering all of the potential combinations of genotypes that can occur in children, given the genotypes of their parents.  It also shows us the odds of each of the offspring genotypes occurring.

Setting up and using a Punnett square is quite simple once you understand how it works.  You begin by drawing a grid of perpendicular lines:
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Next, you put the genotype of one parent across the top and that of the other parent down the left side.  For example, if parent pea plant genotypes were YY and GG respectively, the setup would be:
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Note that only one letter goes in each box for the parents.   It does not matter which parent is on the side or the top of the Punnett square.  

Next, all you have to do is fill in the boxes by copying the row and column-head letters across or down into the empty squares.  This gives us the predicted frequency of all of the potential genotypes among the offspring each time reproduction occurs.
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In this example, 100% of the offspring will likely be heterozygous (YG).  Since the Y (yellow) allele is dominant over the G (green) allele for pea plants, 100% of the YG offspring will have a yellow phenotype, as Mendel observed in his breeding experiments.

In another example (shown below), if the parent plants both have heterozygous (YG) genotypes, there will be 25% YY, 50% YG, and 25% GG offspring on average.  These percentages are determined based on the fact that each of the 4 offspring boxes in a Punnett square is 25% (1 out of 4).  As to phenotypes, 75% will be Y and only 25% will be G.  These will be the odds every time a new offspring is conceived by parents with YG genotypes. 
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An offspring's genotype is the result of the combination of genes in the sex cells or gametes (sperm and ova) that came together in its conception.  One sex cell came from each parent.  Sex cells normally only have one copy of the gene for each trait (e.g., one copy of the Y or G form of the gene in the example above).  Each of the two Punnett square boxes in which the parent genes for a trait are placed (across the top or on the left side) actually represents one of the two possible genotypes for a parent sex cell.  Which of the two parental copies of a gene is inherited depends on which sex cell is inherited--it is a matter of chance.  By placing each of the two copies in its own box has the effect of giving it a 50% chance of being inherited.

If you are not yet clear about how to make a Punnett Square and interpret its result, take the time to try to figure it out before going on.

Are Punnett Squares Just Games for School?
Why is it important for you to know about Punnett squares?  The answer is that they can be used as predictive tools when considering having children.  Let us assume, for instance, that both you and your mate are carriers for a particularly unpleasant genetically inherited disease such as cystic fibrosis, a genetically inherited disease in children that results in chronic fluid development in the lungs, making breathing difficult. Of course, you are worried about whether your children will be healthy and normal.   For this example, let us define "A" as being the dominant normal allele and "a" as the recessive abnormal one that is responsible for cystic fibrosis.  As carriers, you and your mate are both heterozygous (Aa).  This disease only afflicts those who are homozygous recessive (aa).  The Punnett square below makes it clear that at each birth, there will be a 25% chance of you having a normal homozygous (AA) child, a 50% chance of a healthy heterozygous (Aa) carrier child like you and your mate, and a 25% chance of a homozygous recessive (aa) child who probably will eventually die from this condition.
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	If both parents are carriers of the recessive allele for a disorder, all of their children will face the following odds of inheriting it:

25% chance of having the recessive disorder 

50% chance of being a healthy carrier

25% chance of being healthy and not have the recessive allele at all


If a carrier (Aa) for such a recessive disease mates with someone who has it (aa), the likelihood of their children also inheriting the condition is far greater (as shown below).  On average, half of the children will be heterozygous (Aa) and, therefore, carriers.  The remaining half will inherit 2 recessive alleles (aa) and develop the disease.
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	If one parent is a carrier and the other has a

recessive disorder, their children will have the

following odds of inheriting it:
50% chance of being a healthy carrier

50% chance having the recessive disorder


It is likely that every one of us is a carrier for a large number of recessive alleles.   Some of these alleles can cause life-threatening defects if they are inherited from both parents.  In addition to cystic fibrosis, albinism, and beta-thalassemia are recessive disorders.

Some disorders are caused by dominant alleles for genes.  Inheriting just one copy of such a dominant allele will cause the disorder.  This is the case with Huntington disease, achondroplastic dwarfism, and polydactyly.  People who are heterozygous (Aa) are not healthy carriers.  They have the disorder just like homozygous dominant (AA) individuals.
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	If only one parent has a single copy of a dominant allele for a dominant disorder, their children will have a 
50% chance of inheriting the disorder and a

50% chance of being entirely normal.


Punnett squares are standard tools used by genetic counselors.  Theoretically, the likelihood of inheriting many traits, including useful ones, can be predicted using them.   It is also possible to construct squares for more than one trait at a time.   

Name:______________________________
                    Date:________
Hour:_____
STANDARD D1.5 Math Computation Punnet Square 
Scientists at Bikini Bottoms have been investigating the genetic makeup of the organisms in this community. Use the information provided and your knowledge of genetics to answer each question.
1. For each genotype below, indicate whether it is a heterozygous (He) OR homozygous (Ho).
TT  
 Dd  



Bb  

ff   


DD  
   Tt  



Ff  

bb  


tt  
 BB  



dd  
 FF  
 
Which of the genotypes in #1 would be considered purebred?  
 Which of the genotypes in #1 would be hybrids?  
 
2. Determine the phenotype for each genotype using the information provided about SpongeBob.
Yellow body color is dominant to blue.

YY  



Yy   
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yy    

Square shape is dominant to round.

SS  



Ss   



ss    

3. For each phenotype, give the genotypes that are possible for Patrick.
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A tall head (T) is dominant to short (t).

Tall =  



Short =  

Pink body color (P) is dominant to yellow (p).

Pink body =  



Yellow body =  

4. SpongeBob SquarePants recently met SpongeSusie Roundpants at a dance.  SpongeBob is heterozygous for his square shape, but SpongeSusie is round.  Create a Punnett square to show the possibilities that would result if SpongeBob and SpongeSusie had children. HINT:  Read question #2!
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A.  List the possible genotypes and phenotypes for their children.

B.  What are the chances of a child with a square shape?   
   out of  

 or  
  % C.  What are the chances of a child with a round shape?  
 out of  
or  
%

5. Patrick met Patti at the dance. Both of them are heterozygous for their pink body color, which is dominant over a yellow body color. Create a Punnett square to show the possibilities that would result if Patrick and Patti had children.  HINT:  Read question #3!
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A.  List the possible genotypes and phenotypes for their children.

B.  What are the chances of a child with a pink body?    
 out of  
 or  
% C.  What are the chances of a child with a yellow body?  

 out of  
  or  

%
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6.   Everyone in Squidward’s family has light blue skin, which is the dominant trait for body color in his hometown of Squid Valley.  His family brags that they are a “purebred” line.   He recently married a nice girl who has light green skin, which is a recessive trait.  Create a Punnett square to show the possibilities that would result if Squidward and his new bride had children.  Use B to represent the dominant gene and b to represent the recessive gene.
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A.  List the possible genotypes and phenotypes for their children.

B.  What are the chances of a child with light blue skin?    
% C.  

What are the chances of a child with light green skin?  
%

D. Would Squidward’s children still be considered purebreds?  Explain!

7.  Assume that one of Squidward’s sons, who is heterozygous for the light blue body color, married a girl that was also heterozygous. Create a Punnett square to show the possibilities that would result if they had children.
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A.  List the possible genotypes and phenotypes for their children.

B.  What are the chances of a child with light blue skin?   
% C.  

What are the chances of a child with light green skin?  

%

8.  Mr. Krabbs and his wife recently had a Lil’ Krabby, but it has not been a happy occasion for them.  Mrs. Krabbs has been upset since she first saw her new baby who had short eyeballs.  She claims that the hospital goofed and mixed up her baby with someone else’s baby.  Mr. Krabbs is homozygous for his tall eyeballs, while his wife is heterozygous for  her tall eyeballs.
Some members of her family have short eyes, which is the recessive trait.  Create a Punnett square using T for the dominant gene and t for the recessive one.
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A.  List the possible genotypes and phenotypes for their children. 

B.  Did the hospital make a mistake?  Explain your answer.

Bikini Bottom Genetics Part. 2
Name  

Use your knowledge of genetics to complete this worksheet.

1. Use the information for SpongeBob’s traits to write the phenotype (physical appearance) for each item.
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(a)  LL-

(e) Rr- 

(b) yy- 
_
(f) ll-  
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(c) Ss-
(d) RR -  


(g) ss-  
_ (h) Yy - 


2. Use the information in the chart in #1 to write the genotype (or genotypes) for each trait below.

(a) Yellow body -  
  (b)  Roundpants -  
 (c) Oval eyes -  
 
(d) Long nose -  



(e) Stubby nose -  
 (f) Round eyes -  
  (g) Squarepants -  

(h) Blue body -   

3. Determine the genotypes for each using the information in the chart in #1.
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(a) Heterozygous round eyes -

(b) Purebred squarepants -  


(c) Homozygous long nose -  

 (d) Hybrid yellow body -  

4. One of SpongeBob’s cousins, SpongeBillyBob, recently met a cute squarepants gal, SpongeGerdy, at a local dance and fell in love. Use your knowledge of genetics to answer the questions below.
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(a)  If SpongeGerdy’s father is a heterozygous squarepants and her mother is a roundpants, what is her genotype? Complete the Punnett square to show the possible genotypes that would result to help you determine Gerdy’s genotype.

What is Gerdy’s genotype?  

(b) SpongeBillyBob is heterozygous for his squarepants shape. What is his genotype?  
 
(c) Complete the Punnett square to show the possibilities that would result if Billy Bob & Gerdy had children.

(d) List the possible genotypes and phenotypes for the kids.

(e) What is the probability of kids with squarepants?  
   % (f) What is the probability of kids with roundpants?  
 %

5.
SpongeBob’s aunt and uncle, SpongeWilma and SpongeWilbur, have the biggest round eyes in the family.  Wilma is believed to be heterozygous for her round eye shape, while Wilbur’s family brags that they are a pure line. Complete the Punnett square to show the possibilities that would result if SpongeWilma and SpongeWilbur had children.




(a)  Give the genotype for each person.







Wilma -  
  Wilbur -  
      


(b) Complete the Punnett square to show the possibilities that would result if they had children. 


(c) List the possible genotypes and phenotypes for the kids.

(d) What is the probability that the kids would have round eyes?  

 % (e) 

What is the probability that the kids would be oval eyes?  
 %

6. SpongeBob’s mother is so proud of her son and his new wife, SpongeSusie, as they are expecting a little sponge.  She knows that they have a 50% chance of having a little roundpants, but is also hoping the new arrival will be blue (a recessive trait) like SpongeSusie and many members of her family.
If SpongeBob is heterozygous for his yellow body color, what are the chances that the baby sponge will be blue?  Create a Punnett square to help you answer this question.




7. SpongeBob’s  aunt is famous around  town for her itty, bitty stubby nose! She recently met a cute squarepants fellow who also has a stubby nose, which is a recessive trait. Would it be possible for them to have a child with a regular long nose?   Why or why not?  Create a Punnett square to help you answer this question.

8.  If SpongeBob’s aunt described in #7 wanted children with long noses, what type of fellow would she need to marry in  order to give her the best chances?
Create a Punnett square to help you answer this question.
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Characteristic�
Dominant Gene�
Recessive Gene�
�
�
Body Shape�
Squarepants (S)�
Roundpants (s)�
�
�
Body Color�
Yellow (Y)�
Blue (y)�
�
�
Eye Shape�
Round (R)�
Oval (r)�
�
�
Nose Style�
Long (L)�
Stubby (l)�
�
�
�
�
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