Punnett Square problems
1. Write out the genotypes of the parents.

2. Write out the gametes on top of the Punnett Square

3. Fill in the punnett square

4. Determine the genotypes and phenotypes of the offspring

5. Determine the ratios of the offspring or the percentage of each phenotype or genotype of the offspring.

Some rules
If you have only one gene, if you cross two heterozygotes, the ratio of the offspring will be 1:2:1 (or 3 dominant: 1 recessive)

If you have two genes, if you cross two double heterozygotes with each other, the ratio of the offsprings will be 9:3:3:1

X-linked recessive traits like colorblindness require that women get two mutant copies but men need only one mutant copy. These traits are passed from an affected mother to all of her sons. Daughters will be affected only if the father is also affected. A carrier is a woman (never a man) who has 1 mutant allele and one normal allele
Four types of problems:

Type 1:  One gene

1. If B (brown) is dominant to b (blue), then if the mother is heterozygous for brown eyes and the father has blue eyes, what is the genotype and phenotype of the offspring? What is the percentage of each?
	
	B
	b

	b
	Bb
	bb

	b
	Bb
	bb


Answer:  50% Bb, 50% bb

50% brown, 50% blue

2. If P (purple) is dominant to p (white), then if you cross two plants – one has homozygous purple flowers and one has heterozygous purple flowers, then what is the genotype and phenotype of the offspring?  What is the percentage of each?
3. If P (purple) is dominant to p(white), then if you cross two plants – each has heteroygous purple flowers, then what is the genotype and phenotype of the offspring?  What is the percentage of each?

Type 2:  Colorblindness

4. If a women who is colorblind mates with a man who is normal, what is the phenotype and genotype of their children?  What is the percentage of males who are affected?  What is the percentage of females who are affected?  What is the percentage of females who are carriers?  What is the percentage of females who are normal? What is the percentage of males who are normal?

	
	Xc
	Xc

	XC
	XCXc
	XCXc

	Y
	Xc Y
	Xc Y


Answer: 100% of the males are affected
100% of the female are carriers (that have 1 big C (normal) and 1 little C (mutant))

5. If a woman who is a carrier for colorblindness mates with a man who is colorblind, what is the phenotype and genotype of their children?  What is the percentage of males who are affected?  What is the percentage of females who are affected?  What is the percentage of females who are carriers?  What is the percentage of females who are normal? What is the percentage of males who are normal?

Type 3:  Blood type 

6. If the mother is heterozygous for type A blood and the father is heterozygous for type B blood, then what could be the genotype and phenotypes of the children.

Hint:  heterozygous for A means IAi.  If they were homozygous for A, it would be IAIA
i really is the allele for type O but you need to be ii to have type O blood.
	
	IA
	i

	IB
	IAIB
	IBi

	i
	IAi
	ii


Answer: 
Genotype: 1 IAIB: 1 IBi: 1 IAi: 1 ii

Phenotype:  1 type AB: 1 type B: 1 type A: 1 type O
7. 7. If the mother is heterozygous for type A blood and the father is type AB blood, then what could be the genotype and phenotypes of the children.

Type 4:  2 genes 
For these types of problems, I do not use a large punnett square but instead, a do it mathematically. I start with 2 small punnett squares for each gene and then I combine them.   I will show my method below.  

If you want to use a large punnett square, you must have 16 boxes but I think it is easier to do it mathematically.  In this method, you want to look at the possibilities for one gene and then match them with all of the possibilities of the other gene.
8. If purple (P) is dominant to white (p) and tall (T) is dominant to short (t), then if you cross two plants that are heterozygous purple and heterozygous for tall, then what will the genotype and phenotype of the offspring be?

	
	P
	p

	P
	PP
	Pp

	p
	Pp
	pp


¼ PP, ½ Pp, ¼ pp

	
	T
	t

	T
	TT
	Tt

	t
	Tt
	tt


¼ TT, ½ Tt, ¼ tt

Now, we must combine all of the different possibilities.  That means all of the possibilities for P must go with all of the possibilities for T

¼ PP X ¼ TT  = 1/16 PPTT = 1/16 Purple Tall

¼ PP X ½ Tt = 1/8 PPTt = 1/8 Purple Tall

¼ PP X ¼ tt = 1/16 PPtt = 1/16 Purple Short

½ Pp X 1/4TT = 1/8 PpTT = 1/8 Purple Tall

½ Pp X 1/2Tt = ¼ PpTt = ¼ Purple Tall

1/2Pp X 1/4tt = 1/8 Pptt = 1/8 Purple Short

1/4pp X 1/4TT = 1/16 ppTT = 1/16 white Tall

1/4pp X 1/2Tt = 1/8 ppTt = 1/8 white Tall

1/4pp X 1/4tt = 1/16 pptt = 1/16 white short

Now, we can combine the same phenotypes

Purple tall = 9/16 ;               White tall = 3/16

Purple short = 3/16;              White short = 1/16            Notice that it all adds up to 1

9. If purple (P) is dominant to white (p) and tall (T) is dominant to short (t), then if you cross one plants that is heterozygous purple and homozygous tall with a plant that is homozygous purple and short, then what will the genotype and phenotype of the offspring be?

