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1.

Problem

Mendel crossed true breeding plants that had yellow pods with true breeding plants that had green pods. Using the information in Table 17.1, predict and write down the genotypes and phenotypes of the F1 and F2 generations. Predict the ratio of F2 plants with green pods to F2 plants with yellow pods.

What is Required?
You must determine the genotypes and phenotypes of the F1 and F2 generations of a cross between two plants. You must then use your results from the F2 cross to predict a phenotypic ratio.

What is Given?

Phenotypes of the parental plants:

yellow pods × green pods

The green pod allele (G) is dominant and the yellow pod allele (g) is recessive.

You know that a true breeding plant is homozygous for a given trait. Therefore, the plant with yellow pods is homozygous recessive (gg), and the plant with green pods is homozygous dominant (GG).

Plan Your Strategy

Draw a Punnett square to predict the genotypes of the F1 generation resulting from a cross between GG and gg. 

Draw another Punnett square using the gametes produced in the F1 generation to perform a monohybrid cross.

Using your knowledge of the dominance relationship between the G and g alleles, predict the phenotype of each genotype. Express the phenotypic results of the F2 cross as a ratio of outcomes with green pods to outcomes with yellow pods, and reduce the ratio to lowest terms if necessary.

Act on Your Strategy

Step 1

P generation:
gg × GG
	
	G
	G

	g
	Gg
	Gg

	g
	Gg
	Gg


The F1 generation plants all have a heterozygous genotype of Gg. Since the allele for green pods is dominant, all of the F1 plants will have green pods. The gametes produced by the F1 plants are G and g.

Step 2

F1 cross: 
Gg × Gg
	
	G
	g

	G
	GG
	Gg

	g
	Gg
	gg


The F2 generation plants have three different genotypes: GG, Gg, and gg. Since the allele for green pods is dominant, the GG and Gg genotypes will both result in a phenotype of green pods, while the gg genotype will produce yellow pods.

Step 3
There are three outcomes with green pods and one outcome with yellow pods. Therefore, the ratio of F2 plants with green pods to F2 plants with yellow pods is 3:1. This ratio is already in lowest terms.

Check Your Solution

The 3:1 ratio is the same ratio predicted for a second generation cross from true breeding parents.

2.

Problem
In one of his experiments, Mendel counted 6022 yellow seeds and 2001 green seeds. Write the genotypes and phenotypes of the plants in all the crosses he did in order to get these results. How well did his data fit the predicted ratios?

What is Required?

You need to determine what crosses would yield the given numbers of each phenotype, and predict the genotypic outcomes of these crosses. You must then calculate the approximate ratio of the two phenotypes and compare this ratio with the ratio predicted by Mendel.

What is Given?

number of yellow seeds = 6022

number of green seeds = 2001

You know that the yellow seed allele (Y) is dominant to the green seed allele (y).

Plan Your Strategy

Find the approximate ratio of yellow seeds to green seeds by dividing the number of yellow seeds by the number of green seeds.

Use your knowledge of Mendel’s experiments to predict the type of cross that would give this ratio.

Compare Mendel’s predicted ratio to the actual ratio calculated from the data.

Act on Your Strategy
Step 1
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The ratio of yellow seeds to green seeds is approximately 3:1.

This ratio would result from a cross between true breeding parents of different phenotypes, followed by self-pollination of the F1 generation, or a monohybrid cross:

Step 2
Parental cross:

	
	Y
	Y

	y
	Yy
	Yy

	y
	Yy
	Yy


The F1 generation would all have the genotype Yy, and they would all exhibit the yellow seed phenotype. The gametes produced by the F1 plants would be Y and y.

F1 cross:

	
	Y
	y

	Y
	YY
	Yy

	y
	Yy
	yy


The F2 generation would display the genotypes YY, Yy, and yy in an approximate ratio of 1:2:1. The ratio of the yellow seed phenotype to the green seed phenotype in the F2 generation would be 3:1.

Step 3
Since the actual ratio of yellow seeds to green seeds was 3.009:1 and the predicted ratio is 3:1, the data fit the predicted ratio very well.
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3.

Problem
In zucchini (Cucurbita pepo), the allele for yellow-coloured flesh is recessive to the allele for white-coloured flesh. You are a plant breeder and would like to know if any of the white-fleshed zucchini you have are heterozygous for the yellow-fleshed allele. How would you determine this? Describe the procedure you would follow.

What is Required?

You must decide how to determine if any plants displaying the dominant phenotype have a heterozygous genotype.

What is Given?

You know the dominance relationship between the alleles. The allele for white-coloured flesh is dominant and the allele for yellow-coloured flesh is recessive.

You know that the plants in question have dominant phenotypes.

Plan Your Strategy

Think about the types of crosses you have studied. What type of cross is performed to determine the genotype of an individual with dominant phenotype?

Map out the steps you would use to perform such a cross.

Use a Punnett square to predict the results of a cross between a white-coloured zucchini that is homozygous dominant. Repeat this procedure for a white-coloured zucchini that is heterozygous for the flesh-colour allele. 

State how you would determine the unknown genotype from the results of the Punnett squares.

Act on Your Strategy
Step 1
A test cross is used to determine the genotype of individuals with a dominant phenotype. The individuals of unknown genotype are crossed with individuals having the recessive phenotype. The genotype of the recessive individuals is known, since the recessive phenotype will only appear when two recessive alleles are present.

Step 2

To perform the test cross, you would use a plant with yellow-fleshed zucchini to pollinate the plants having unknown genotypes. You would then observe the flesh colour of the zucchini that developed, and count the number of each phenotype.

Step 3
Test cross:

If the unknown genotype is homozygous:

	
	W
	W

	w
	Ww
	Ww

	w
	Ww
	Ww


If the unknown genotype is heterozygous:

	
	W
	w

	w
	Ww
	ww

	w
	Ww
	ww


Step 4
You would expect to see all white-fleshed zucchini in the progeny if the unknown genotype is homozygous dominate. If the unknown genotype is heterozygous for the flesh-colour allele, you would expect to see equal numbers of white-fleshed and yellow-fleshed zucchini in progeny from the test cross. You will be able to identify whether your original zucchini were heterozygous or homozygous by comparing your experimental results with the predicted outcomes for homozygous and heterozygous crosses.

Check Your Strategy

The results agree with the predicted results for test crosses.

4.

Problem

In tomatoes (Lycopersicon esculentum), red fruit (R) is dominant to yellow fruit (r), and tall (T) is dominant to short (t). True-breeding tall plants that produced red fruit were crossed with true-breeding short plants that produced yellow fruit.

a) State the genotype and phenotype of the F1 generation plants.

b) List the genotypes of the gametes produced by the F1 plants.

c) List the genotypes and phenotypes of the F2 generation plants. Include the genotypic and phenotypic ratios of the F2 generation plants.

What is Required?

a) You must predict the genotype and phenotype of the F1 plants resulting from a cross between plants that are true-breeding for two different traits.

b) You need to predict the gametes produced by the F1 plants.

c) You must predict the genotypes, phenotypes, genotypic ratios, and phenotypic ratios of the F2 plants.

What is Given?

Phenotypes of the parental plants:

tall plants with red fruit × short plants with yellow fruit

The tall plant allele (T) is dominant and the short plant allele (t) is recessive.

The red fruit allele (R) is dominant and the yellow fruit allele (r) is recessive.

You know that a true breeding plant is homozygous for a given trait. Therefore, the tall plant with red fruit is homozygous dominant for both traits (TTRR), and the short plant with yellow fruit is homozygous dominant for both traits (ttrr).

Plan Your Strategy

a) Draw a Punnett square to predict the genotypes of the F1 generation resulting from a cross between TTRR and ttrr. The gametes produced by the plant with genotype TTRR will be TR and TR. The gametes produced by the plant with genotype ttrr will be tr and tr. Use your knowledge of the dominance relationships between the alleles to identify the phenotypes of the offspring.

b) Identify the gametes present in your Punnett square.

c) Use the gametes identified in (b) to draw another Punnett square to predict the genotypes of the F2 plants. 

Count the number of each genotype and phenotype present, and express as a ratio.

Act on Your Strategy
a)
	
	TR
	TR

	tr
	TtRr
	TtRr

	tr
	TtRr
	TtRr


All of the F1 generation plants will have the genotype TtRr, and the phenotype of all plants will be tall with red fruit.

b) The gametes produced by the F1 plants will be TR, Tr, tR and tr.

c) Step 1

	
	RT
	Rt
	rT
	rt

	RT
	RRTT
	RRTt
	RrTT
	RrTt

	Rt
	RRTt
	RRtt
	RrTt
	Rrtt

	rT
	RrTT
	RrTt
	rrTT
	rrTt

	rt
	RrTt
	Rrtt
	rrTt
	rrtt


Step 2

Genotypes of the F2 plants:

4 RrTt
2 RRTt
2 RrTT
2 Rrtt

2 rrTt
1 RRTT
1 RRtt
1 rrTT
1 rrtt
This gives a ratio of 4:2:2:2:2:1:1:1:1 for the above genotypes.

Phenotypes of the F2 plants:

9 tall with red fruit

3 short with red fruit

3 tall with yellow fruit

1 short with yellow fruit

This gives a ratio of 9:3:3:1 for tall red: short red: tall yellow: short yellow.

Check Your Solution

The results agree with those predicted for a dihybrid cross between plants that are true-breeding for two different traits.

5.

Problem

In mice, black fur (B) is dominant to brown fur (b), and non-waltzer mice (N) are dominant to waltzers (n). Two mice that are heterozygous for both traits are crossed. Draw a Punnett square for the F1 generation, and determine the phenotypic ratio for these offspring.

What is Required?

You must draw a Punnett square and predict the phenotypic ratio for the F1 generation of a cross between two individuals heterozygous for two different traits.

What is Given?

Both parents have the genotype BbNn.

The black fur allele (B) is dominant and the brown fur allele (b) is recessive.

The non-waltzer allele  (N) is dominant and the waltzer allele (n) is recessive.

Plan Your Strategy

Determine the gametes produced by the parents.

Draw a Punnett square for the cross.

Use the genotypes produced by the cross to determine the phenotypic ratio.

Act on Your Strategy
Step 1
gamete genotypes: BN, Bn, bN, and bn
Step 2
	
	BN
	Bn
	bN
	bn

	BN
	BBNN
	BBNn
	BbNN
	BbNn

	Bn
	BBNn
	BBnn
	BbNn
	Bbnn

	bN
	BbNN
	BbNn
	bbNN
	bbNn

	bn
	BbNn
	Bbnn
	bbNn
	bbnn


Step 3
The phenotypic ratio is 9:3:3:1 for black, non-waltzer to black, waltzer to brown, non-waltzer to brown, waltzer mice.

Check Your Solution

The phenotypic ratio agrees with the predicted results for a cross between individuals that are heterozygous for two different traits.

6.

Problem
The gene that codes for colour in snapdragons (Antirrhinum majus), exhibits incomplete dominance. A true-breeding red snapdragon is crossed with a true-breeding white snapdragon. What is the phenotypic ratio of the F1 generation? The F1 offspring are then crossed to produce an F2 generation. Draw a Punnett square for this generation and determine the phenotypic ratio.

What is Required?

You need to predict the phenotypic ratios of the F1 and F2 generations of a cross between true breeding individuals for a trait that exhibits incomplete dominance.

What is Given?

The parental genotypes are RR and rr.

The red flower allele (R) exhibits incomplete dominance over the white flower allele (r). This means the heterozygotes (Rr) will be pink in colour.

Plan Your Strategy

Draw Punnett squares for the F1 and F2 generations. 

Use your knowledge of the dominance relationship for flower colour to determine the phenotypes for both generations. Convert the number of each phenotype into a phenotypic ratio.

Act on Your Strategy
Parental Cross
Step 1

	
	R
	R

	r
	Rr
	Rr

	r
	Rr
	Rr


Step 2
The F1 generation is made up entirely of heterozygotes, or pink snapdragons.

The gametes produced by the F1 will be R and r.

F1 Cross

Step 1

	
	R
	r

	R
	RR
	Rr

	r
	Rr
	rr


Step 2
The phenotypic ratio for the F2 generation will be 1 red: 2 pink: 1 white.

Check Your Solution

The phenotypic ratios are consistent with predicted ratios for F1 and F2 generations of a cross between true-breeding individuals for a trait with incomplete dominance.

7.

Problem

Two blue roan horses are bred together. What is the chance that the colt will be white?

What is Required?

You need to predict the phenotypes of the F1 generation and use the phenotypic ratio to calculate the probability of the white phenotype appearing.

What is Given?

Both parents are blue roans, or heterozygotes for the roan gene. Roans exhibit co-dominance.

blue roan = RW = heterozygous

white horse = WW = homozygous

(RR, homozygous for the roan gene, was believed to be lethal. There is now data to indicate that this is not true.)

Plan Your Strategy

Draw a Punnett square to predict the genotypes of the F1 generation. 

Use the number of each phenotype in the F1 generation to calculate the probability of the white phenotype appearing.

Act on Your Strategy
Step 1
	
	R
	W

	R
	RR
	RW

	W
	RW
	WW


Step 2
There is a one in four, or 25%, chance that the colt will be white. (If RR is lethal, then one in three living offspring of the cross would be white.) 
Check Your Strategy

The probability of the colt being white is consistent with the predicted ratio for a co-dominant trait in a cross between heterozygotes.
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8.

Problem

A woman who has normal vision and the heterozygous genotype XCXc marries a man who is colour-blind (XcY). What is the expected ratio of genotypes and phenotypes among their children?

What is Required?

You must determine the ratio of genotypes and phenotypes in the F1 generation.

What is Given?

The genotypes of the parents are XCXc and XcY. Colour blindness is an X-linked trait.

The allele for normal vision (XC) is dominant and the allele for colour blindness (Xc) is recessive.

Plan Your Strategy

Draw a Punnett square to predict the genotypes of the F1 generation. 

Use your knowledge of the dominance relationship in the colour blindness trait to determine the phenotype for each genotype, and convert to a ratio.

Act on Your Strategy
Step 1
	
	♀

	
	XC
	Xc

	♂
	Xc
	XCXc
	XcXc

	
	Y
	XCY
	XcY


Step 2
The genotypic ratio in the F1 generation is 1:1:1:1.

The phenotypic ratio is 1 normal vision: 1 colour blind. 
Check Your Strategy

The genotype and phenotypic ratios match those predicted for a cross between a female who is heterozygous and a male who is hemizygous for a recessive X-linked trait. (Hemizygous means that the individual has only one allele for the trait.)
9.

Problem

Suppose that you have one wild-type female fly and one white-eyed male fly. What steps would you follow to produce a white-eyed female fly? Illustrate your steps with Punnett squares.

What is Required?

You need to explain how to produce a white-eyed female fly.

What is Given?

The parents are a wild-type female and a white-eyed male.

The trait for eye colour is X-linked and recessive.

The allele for the wild type, or red eyes, (R) is dominant and the allele for white eyes (r) is recessive.

Plan Your Strategy

Determine the possible genotypes of the male and the female.

Draw Punnett squares to predict the results of all possible combinations of genotypes.

Decide whether further crosses are necessary to produce the desired phenotype.

Act on Your Strategy

Step 1
The genotype for the male must be XrY. 

The genotype of the female could be XRXR or XRXr.

Step 2
If the female fly is homozygous for the eye colour trait: 

	
	♀

	
	XR
	XR

	♂
	Xr
	XRXr
	XRXr

	
	Y
	XRY
	XRY


If the female fly is heterozygous for the eye colour trait:

	
	♀

	
	XR
	Xr

	♂
	Xr
	XRXr
	XrXr

	
	Y
	XRY
	XrY


Step 3
If the parent female is heterozygous for the eye colour trait, your first cross will produce a female with white eyes. If the parent female is homozygous for the eye colour trait, you will need to take one of the F1 females produced by the first cross and mate her with the white-eyed male, which will give the same results as the second cross shown above.

Check Your Solution

You demonstrated a cross that will produce a white-eyed female fly.

10.
Problem

In a species of dog, a mutant gene that causes deafness is found on the Y chromosome. Draw a Punnett square to show the outcomes of a cross between

a) a male dog whose father is deaf and a female dog whose father is not deaf

b) a female dog whose father is deaf and a male dog whose father is not deaf

What is Required?

You must predict the outcomes of two crosses involving a Y-linked trait.

What is Given?

The mutant gene for deafness is found on the Y chromosome.

normal hearing  = YD
deaf = Yd
a) The male’s father is deaf and the female’s father is not deaf. 

b) The female’s father is deaf and the male’s father is not deaf. 

Plan Your Strategy

Determine the phenotypes and genotypes of the male and female for each case. 

Complete a Punnett square for each cross.

Act on Your Strategy

a) Step 1

Since the trait is only carried on the Y chromosome, the male must be deaf and the female must have normal hearing.

The male must have the genotype XYd, and the female must have the genotype XX.

Step 2
	
	♀

	
	X
	X

	♂
	X
	XX
	XX

	
	Yd
	XYd
	XYd


All male offspring will be deaf, and all female offspring will have normal hearing.

b) Step 1

The female must have normal hearing, since she cannot inherit her father’s Y chromosome. The male must have normal hearing.

The male must have the genotype XYD, and the female must have the genotype XX.

Step 2
	
	♀

	
	X
	X

	♂
	X
	XX
	XX

	
	YD
	XYD
	XYD


All offspring will have normal hearing.

Check Your Solution

The outcome is logical for a trait that is found on the Y chromosome, which is only passed from male to male.
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11.

Problem

If a man has type AB blood and a woman has type A blood, what possible blood types could their children have?

What is Required?

You need to determine the possible blood types of the children.

What is Given?

The man has type AB blood.

The woman has type A blood.

The IA allele and the IB allele are co-dominant and the i allele is recessive.

Plan Your Strategy

Determine the possible genotypes of the man and the woman. 

Make Punnett squares for all the possible combinations of parental genotypes to determine the genotypes and phenotypes of the children.

Act on Your Strategy
Step 1
The man must have the genotype IAIB.
The woman could have genotype IAIA or IAi.

Step 2
If the woman has the genotype IAIA:

	
	IA
	IA

	IA
	IAIA
	IAIA

	IB
	IAIB
	IAIB


If the woman has the genotype IAi:

	
	IA
	i

	IA
	IAIA
	IAi

	IB
	IAIB
	IBi


The children could have blood type A, AB, or B.

Check Your Solution

The children must all receive either an IA or an IB allele from their father, and an IA or an i allele from their mother. The predicted blood types are consistent with this information.

12.

Problem

In one family, all three siblings have type B blood.
a) Use Punnett squares to show how two different sets of parent genotypes could produce this result.

b) Which of the two sets of potential parents in your answer to (a) is more likely to be the parents of these siblings?

What is Required?

a) You need to identify parental genotypes that would produce children with type B blood.

b) Decide which cross is more likely to produce three type B children.

What is Given?

All three children have type B blood.

At least two sets of parental genotypes will give this outcome.

The IA allele and the IB allele are co-dominant and the i allele is recessive.

Plan Your Strategy

a) Determine two possible combinations of parental genotypes which could produce offspring with type B blood. (There are more than two possibilities.) Draw Punnett squares for each combination.

b) Find the probability of having three children with type B blood for each combination of parental genotypes.

Act on Your Strategy

a) Note: All possible combinations are shown here, but only two are required.

i) If both parents are homozygous for the IB allele:

	
	IB
	IB

	IB
	IBIB
	IBIB

	IB
	IBIB
	IBIB


There is a 100% chance that a child will have type B blood.

ii) If both parents are heterozygous for the IB allele (IBi):

	
	IB
	i

	IB
	IBIB
	IBi

	i
	IBi
	ii


There is a three in four, or 75%, chance that a child will have type B blood.

iii) If both parents are type AB:

	
	IA
	IB

	IA
	IAIA
	IAIB

	IB
	IAIB
	IBIB


There is a one in four, or 25%, chance that a child will have type B blood.

iv) If one parent is homozygous for the IB allele and the other is heterozygous (IBi):

	
	IB
	IB

	IB
	IBIB
	IBIB

	i
	IBi
	IBi


There is a 100% chance that a child will have type B blood.

v) If one parent is homozygous for the IB allele and the other is blood type AB:
	
	IB
	IB

	IA
	IAIB
	IAIB

	IB
	IBIB
	IBIB


There is a one in two, or 50%, chance that a child will have type B blood.

vi) If one parent is homozygous for the IB allele and the other is blood type O (ii):

	
	IB
	IB

	i
	IBi
	IBi

	i
	IBi
	IBi


There is a 100% chance that a child will have type B blood.

vii) If one parent is homozygous for the IB allele and the other is heterozygous for the IA allele (IAi):

	
	IB
	IB

	IA
	IAIB
	IAIB

	i
	IBi
	IBi


There is a one in two, or 50%, chance that a child will have type B blood.

viii) If one parent is heterozygous for the IB allele (IBi) and the other is blood type AB:

	
	IB
	i

	IA
	IAIB
	IAi

	IB
	IBIB
	IBi


There is a one in two, or 50%, chance that a child will have type B blood.

ix) If one parent is heterozygous for the IB allele (IBi) and the other is blood type O (ii):

	
	IB
	i

	i
	IBi
	ii

	i
	IBi
	ii


There is a one in two, or 50%, chance that a child will have type B blood.

x) If one parent is heterozygous for the IB allele (IBi) and the other is heterozygous for the IA allele (IAi):

	
	IB
	i

	IA
	IAIB
	IAi

	i
	IBi
	ii


There is a one in four, or 25%, chance that a child will have type B blood.

b) To determine the probability of all three children having type B blood, you must multiply the probability of one child having type B blood by the probability of each other child having type B blood (i.e. 0.5 ( 0.5 ( 0.5 = 0.53 = 0.125 or 12.5%).
For crosses (i), (iv), and (vi) above, the probability of all three children having type B blood is:

1.00 ( 1.00 ( 1.00 = 1.00 or 100%

For cross (ii), the probability of all three children having type B blood is:

0.75 ( 0.75 ( 0.75 = 0.4218 or approximatly 42 %

For crosses (v), (vii), (viii), and (ix), the probability of all three children having type B blood is:

0.5 ( 0.5 ( 0.5 = 0.125 or 12.5%

For crosses (iii) and (x), the probability of all three children having type B blood is:

0.25 ( 0.25 ( 0.25 = 0.15625 of approximately 1.6%

The most likely sets of parents are: 

IBIB × IBIB
 IBIB × IBi
 IBIB × ii
Check Your Solution
It seems reasonable that a cross including at least one parent with the genotype IBIB would be most likely to result in three children with type B blood, particularly when the other parent contributes either IB or i alleles.

13.

Problem

A couple just brought home a new baby from the hospital. They begin to believe that the hospital switched babies, and the baby they brought home is not theirs. They check the hospital records and find that the man’s blood type is B, the woman’s blood type is AB, and the baby’s blood type is O. Could the baby be theirs?
What is Required?

Determine whether blood type O is among the possible outcomes of a cross between an individual with type B blood and an individual with type AB blood.

What is Given?

The man’s blood type is B.

The woman’s blood type is AB.

The baby’s blood type is O.

The IA allele and the IB allele are co-dominant and the i allele is recessive.

Plan Your Strategy

Determine the possible genotypes of the man and the woman.

Make Punnett squares for all the possible combinations of genotypes.

Decide whether any of the predicted genotypes will give a phenotype of O.

Act on Your Strategy
Step 1
The woman’s genotype must be IAIB.

The man’s genotype could be IBIB or IBi.

Step 2
If the man’s genotype is IBIB:

	
	IA
	IB

	IB
	IAIB
	IAIB

	IB
	IBIB
	IBIB


If the man’s genotype is IBi:

	
	IA
	IB

	IB
	IAIB
	IBIB

	i
	IAi
	IBi


Step 3
Neither of these crosses produces an outcome of ii, or type O blood. The baby could not possibly belong to this couple.

Check Your Solution

In order to produce a genotype of ii, one i allele would have to come from each parent. Since the mother contributes an IA allele and an IB allele, she cannot contribute an i allele, and thus cannot give birth to a baby with type O blood.

14.

Problem

A chinchilla rabbit with genotype cchch is crossed with a Himalayan rabbit with genotype chc. What is the expected ratio of phenotypes among the offspring of this cross?
What is Required?

You must predict the phenotypic ratio.

What is Given?

The genotypes of the parents are cchch and chc.

The chinchilla coat allele (cch) is dominant to the Himalayan coat allele (ch) and the albino coat allele (c).

The Himalayan coat allele (ch) is dominant to the albino coat allele (c).

Plan Your Strategy

Draw a Punnett square for the cross to predict the genotypes in the offspring.

Use your knowledge of the dominance relationships among the alleles to determine the phenotype of each genotype.

Convert the number of each phenotype into a ratio. Reduce to lowest terms if necessary.

Act on Your Strategy
Step 1
	
	cch
	ch

	ch
	cch ch
	ch ch

	c
	cchc
	chc


Step 2
Since the chinchilla allele is dominant to the Himalayan and albino alleles, the genotypes cch ch and cchc will both display the chinchilla coat phenotype. Since the Himalayan allele is dominant to the albino allele, the genotypes ch ch and chc will both display the Himalayan coat phenotype.

Step 3
There will be two rabbits with chinchilla coats for every two rabbits with Himalayan coats. Reduced to lowest terms, the phenotypic ratio will be 1 chinchilla: 1 Himalayan.

Check Your Solution

The outcome seems reasonable since the alleles contributed by the parents include one cch allele, which is dominant to the other alleles present, and two ch alleles, which are dominant to the remaining c allele.

15.

Problem

Some of the offspring of a chinchilla rabbit and a Himalayan rabbit are albino. What must be the genotypes of the parent rabbits?
What is Required?

Determine the genotypes of the parents.

What is Given?

The phenotypes of the parents are chinchilla and Himalayan.

Some of the offspring have the albino phenotype.
The chinchilla coat allele ( cch) is dominant to the Himalayan coat allele (ch) and the albino coat allele (c).

The Himalayan coat allele (ch) is dominant to the albino coat allele (c).

Plan Your Strategy

Determine the possible genotypes of the parents.

Look for the combination in which each parent will contribute a c allele, resulting in the genotype cc (the albino phenotype).

Make a Punnett square to predict the outcomes of this cross.
Act on Your Strategy
Step 1
The chinchilla rabbit could have the genotype cchcch, cchch, or cchc.

The Himalayan rabbit could have the genotype chch or chc.

Step 2
In order for each parent to contribute a c allele, the chinchilla rabbit must have a genotype of cchc, and the Himalayan rabbit must have a genotype of chc.

Step 3

	
	cch
	c

	ch
	cch ch
	ch c

	c
	cchc
	cc


Check Your Solution

A cross between a chinchilla rabbit with genotype cchc and a Himalayan rabbit with genotype chc will produce chinchilla, Himalayan, and albino offspring in a ratio of 2:1:1.

16.

Problem

Could a mating between a chinchilla rabbit and an albino rabbit produce a Himalayan rabbit? Explain your reasoning, with reference to the genotypes and phenotypes of the parents and possible offspring.

What is Required?

Determine whether the Himalayan phenotype could appear in a cross between a chinchilla phenotype and an albino phenotype.

Plan Your Strategy

Determine the possible genotypes of the parents.

Make Punnett squares for all the possible combinations of genotypes.

Act on Your Strategy
Step 1
The albino rabbit must have the genotype cc. 

The chinchilla rabbit could have the genotype cchcch, cchch, or cchc.

Step 2
If the chinchilla rabbit has the genotype cchcch:

	
	cch
	cch

	c
	cch c
	cch c

	c
	cchc
	cchc


If the chinchilla rabbit has the genotype cchch:

	
	cch
	ch

	c
	cch c
	ch c

	c
	cchc
	chc


If the chinchilla rabbit has the genotype cchc:

	
	cch
	c

	c
	cch c
	cc

	c
	cchc
	cc


It is possible to produce a Himalayan rabbit in a cross between a chinchilla rabbit of genotype cchch and an albino rabbit.

Check Your Solution

In order for the cross to produce a Himalayan rabbit, at least one of the parents must contribute a ch allele. Since the albino rabbit must have the genotype cc, the ch allele must come from the chinchilla rabbit. Because the ch allele is dominant to the c allele, it will override a c allele contributed by the albino rabbit. The solution is reasonable.

17.

Problem

Four children have the following blood types: A, B, AB, and O. Could these children have the same two biological parents? Explain.

What is Required?

You must determine whether one cross can produce offspring of all four blood types.

What is Given?

The blood types A, B, AB, and O appear in the offspring.

The IA allele and the IB allele are co-dominant and the i allele is recessive.

Plan Your Strategy

Determine the possible genotypes of the offspring.

List the alleles that must be contributed by the parents to produce each child’s genotype.

Find a combination of the necessary alleles that will produce the desired phenotypes.

Act on Your Strategy
Step 1
Blood type A could have genotype IAIA or IAi.

Blood type B could have genotype IBIB or IBi.

Blood type AB must have genotype IAIB.

Blood type O must have genotype ii.

Step 2
The alleles IA, IB, and i must be contributed by the parents.

In order to produce the genotype ii, each parent must contribute one i allele.

In order to produce the genotype IAIB, one parent must contribute an IA allele and one parent must contribute an IB allele.

Step 3
The parents must, therefore, have the genotypes IAi and IBi.

It is possible for children with the blood types A, B, AB, and O to be borne of the same biological parents.

Check Your Solution
A Punnett square shows that a cross between IAi and IBi produces the phenotypes A, B, AB, and O.
	
	IB
	i

	IA
	IAIB
	IAi

	i
	IBi
	ii
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18.

Problem

A curved “hitchhiker’s thumb” is recessive to a straight thumb. The following pedigree traces the presence of hitchhiker’s thumb in a family. Identify the phenotypes and genotypes of all the people shown in the pedigree. Whose genotypes can you not be certain of?


[image: image2]
What is Required?
Identify the genotypes and phenotypes of each individual in the pedigree.

What is Given?

The pedigree is given, and you know the trait is controlled by a recessive allele.

Plan Your Strategy

Identify the phenotypes of all individuals.

Look for an individual with a phenotype that differs from the corresponding phenotype in both parents. All individuals of this phenotype must result from a homozygous recessive genotype.

Write the symbol for the dominant allele below every individual who does not show the trait.

Both parents of the individuals showing the trait must have at least one recessive allele. All the children of a person showing the trait had to receive one recessive allele from this parent.

Act on Your Strategy
Step 1
Each individual represented by a closed symbol has the “hitchhiker’s thumb” phenotype, while each individual represented by an open symbol has the straight thumb phenotype.

Step 2
Write a homozygous recessive genotype (tt) below the symbol for all the individuals who show the trait (I 1, IV 1, and IV 3).

Step 3
Write the symbol for the one dominant allele (T) below all open symbols.
Add a small t for individuals II 1, 2, and 3, since they must have received one recessive allele from individual I 1.

Step 4
Individuals III 1 and 2 must also be heterozygous, since they must each donate a recessive allele to individuals IV 1 and IV 3.

Step 5
You cannot determine whether I 2, II 4, III 3, IV 2, and IV 4 are heterozygous or homozygous dominant, since either genotype is possible with the given information.

· 
[image: image3]
Check Your Solution

Upon checking the pedigree, all genotypes are correct.

19.

Problem

In certain families in Norway, woolly hair (hair that looks like sheep’s wool) is passed down through the generations. In order for children to have this trait, at least one of their parents must have woolly hair. How is this trait most likely inherited? Draw a pedigree for a family where one of three children and both parents have woolly hair. Identify the genotypes and phenotypes for each individual in the family. Whose genotype can you not be certain of?

What is Required?
You must determine the method of inheritance of the trait, draw a pedigree, and identify the genotype and phenotype of each family member.

What is Given?
At least one parent must exhibit the trait in order for it to be passed on.

Both parents display the trait.

One of three children exhibits the trait.

Plan Your Strategy

Draw the pedigree.

Look for an individual with a phenotype that differs from the corresponding phenotype in both parents. This phenotype must result from a homozygous recessive genotype.

Write the symbol for the dominant allele below every individual who does not show the homozygous recessive phenotype.

Both parents of individuals who are homozygous recessive must have at least one recessive allele.
Identify genotypes of which you cannot be certain.

Act on Your Strategy
Step 1
Draw the pedigree.
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Step 2
Write a homozygous recessive genotype (hh) beneath the two children with normal hair, since they differ in phenotype from their parents. The woolly hair allele must be dominant.

Step 3
The parents and individual II 1 must carry a dominant allele, since they all display the woolly hair trait.

Step 4
Since both parents must also carry a recessive allele, they must be heterozygous for the trait.

Step 5
You cannot be certain whether the woolly-haired child (II 1) has the genotype HH or Hh, since either are possible outcomes of a cross between heterozygotes.

[image: image5]
Check Your Solution

Upon checking the pedigree, all genotypes are correct.

20.

Problem

This pedigree traces tongue rolling in a family. The ability to roll your tongue is controlled by a dominant allele; people who are homozygous recessive for the trait cannot roll their tongue. Identify the phenotypes and genotypes of all the people shown in this pedigree.

[image: image6]
What is Required?
Identify the genotypes and phenotypes of all individuals.

What is Given?
The pedigree is given, and you know the trait is controlled by a dominant allele.

Plan Your Strategy

Identify the phenotypes of all individuals.

Since the trait is controlled by a dominant allele, you can identify homozygous recessive individuals as those who do not exhibit the trait.

Individuals who display the trait must carry at least one dominant allele.

Both parents of individuals who are homozygous recessive must have at least one recessive allele.
State the outcome of known crosses to identify any remaining unknown genotypes.

Act on Your Strategy
Step 1

All individuals represented by filled symbols are tongue-rollers, while all individuals represented by open symbols are non-tongue-rollers.

Step 2
Write a homozygous recessive genotype (rr) beneath all individuals who do not show the trait.

Step 3
Write an R beneath all individuals who do exhibit the trait.

Step 4
Add an r to parents who exhibit the trait, but have children who are not tongue-rollers.

Step 5
Individual III 1 is the only one remaining with an uncertain genotype. A cross between rr and Rr will produce offspring of genotype rr or Rr. Individual III 1 exhibits the trait, so she must have the genotype Rr.
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Check Your Solution
Upon checking the pedigree, all genotypes are correct.
21.

Problem

Duchenne muscular dystrophy is an X-linked recessive trait. The following pedigree shows the occurrence of this disorder in an extended family. Provide the phenotypes and genotypes of all the individuals in the pedigree.
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What is Required?
Identify the phenotypes and genotypes of all individuals.

What is Given?
The pedigree is given, and you know the trait is controlled by a recessive allele on the X chromosome.

Plan Your Strategy

Identify all phenotypes.

Insert a Y allele beneath all male individuals.

Look for an individual with a phenotype that differs from the corresponding phenotype in both parents. This phenotype must result from a homozygous or hemizygous recessive genotype. (Note: Hemizygous is a term used to describe males, who carry only one copy of genes located on the X chromosome.)
Write the symbol for the dominant allele below every individual who does not exhibit the trait.

Individuals represented by an open symbol with a dot in the centre are known carriers of the X-linked recessive trait.

In a pedigree where carriers are identified by a centre dot, open symbols lacking the centre dot must be homozygous recessive.

Act on Your Strategy
Step 1

All individuals represented by filled symbols suffer from Duchenne muscular dystrophy, while all individuals represented by open symbols do not have the disease.
Step 2
Write a Y beneath each square symbol.

Step 3
Add a recessive allele (Xn, where n represents the Duchenne muscular dystrophy allele) to each individual who exhibits the trait. (If there were any females who displayed the trait, they would have the genotype XnXn.)

Step 4
Add a dominant allele (XN, where N represents the non-diseased allele) to each individual who does not exhibit the trait.

Step 5
Write an Xn beneath each heterozygote identified by a centre dot.

Step 6
Individuals II 2 and III 4 are still of uncertain genotype, but they are represented by open symbols rather than symbols with centre dots, so they must have the genotype XNXN. 

[image: image9]
Check Your Solution

Upon checking the pedigree, all genotypes are correct.
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