Mendelian Genetics Problems (2)
Not only are the principles of segregation and independent assortment important because they explain how heredity works, but they also provide the means for predicting the outcome of genetic crosses.  This predictive power has made genetics a powerful tool in agriculture and other fields, and the ability to apply the principles of heredity is an important skill for you as a student of genetics.  Practice with genetic problems is essential for mastering the basic principles of heredity—no amount of reading and memorization can substitute for the experience you will gain by solving problems in genetics.

1. Define Mendel’s Law of Segregation.

2. Define Mendel’s Law of Independent Assortment.

3.
In the pea, tall plant height (T) is dominant over short (t).  Pure-breeding tall and short plants are crossed.

a. What will be the genotype and phenotype of the F1?

b. If the F1 is selfed and 400 F2 plants are raised, how many would be expected in each phenotypic class?

c. How many of the F2 would be expected to be pure-breeding when selfed?

4.
Consider a tall pea plant:

a. If nothing is known of the breeding history of the plant, how should its genotype be written?

b. If the plant were to be testcrossed, what would be the phenotype of the other parent?

c. If all of the progeny from the testcross were tall, what would be the genotype of the tall plant?

d. If the tall plant were heterozygous, what would be the phenotypic ratio of the testcross progeny?

5.
Polydactyly (extra digits) is a dominant trait caused by gene P, as opposed to the normal 


allele, p.  Cystic fibrosis, c, is a recessive disease, as opposed to the normal condition, C.  A polydactylous woman, otherwise normal in phenotype, marries a healthy normal man.  Their four children have the following phenotypes:



Child 1 is normal in all respects.



Child 2 is polydactylous, otherwise normal.



Child 3 has cystic fibrosis, otherwise normal



Child 4 has cystic fibrosis and is polydactylous.


a
What is the genotype of the mother?

b. What is the genotype of child 3?

c. What is the genotype of child 4?

d. What is the chance that child 1 is heterozygous for cystic fibrosis?

6.
In a cross AaBbCc X AaBbCc, what is the probability of producing the genotype aabbcc?
7.
Read this one carefully.  Albinism and hair color are governed by different genes.  A recessively inherited form of albinism causes affected individuals to lack pigment in their skin, hair and eyes.  In hair color, red hair is inherited as a recessive trait, and brown hair is inherited as a dominant trait.  An albino woman whose parents both have red hair has two children with a man who is normally pigmented and has brown hair.  The brown-haired partner has one parent who has red hair.  The first child is normally pigmented and has brown hair.  The second child is albino.

a.
What is the genotype of the albino parent for hair color?

b.
What is the genotype of the brown-haired parent with respect to hair color?  Skin pigmentation?

c.
What is the genotype of the first child with respect to hair color and skin pigmentation?

d,
What are the possible genotypes of the second child for hair color?  What is the phenotype of the second child for hair color?   Can you explain this?

8.
In garden peas, tall plants (T) are dominant over short (t), round seeds (R) are dominant over wrinkled (r), yellow seeds (Y) are dominant over green (y), and purple flowers (A) are dominant over white (a).  Consider the following pea plants, and answer the questions below:



plant 1 = RryyAaTt, plant 2 = RrYYAatt

In a cross of plant 1 x plant 2, what proportion of the progeny will:

a. have the genotype rrYyaatt?

b. have the phenotype wrinkled, yellow, white, short?

c. be dominant for all four characteristics?

d. be pure breeding (homozygous) for seed shape?

e. be pure breeding for round and purple?

f. be pure breeding for all four characteristics?

g. What proportion of the round yellow white tall progeny will have the genotype RrYyaaTt?

Answers to Mendelian Genetics Problems (2)
1.
The Law of Segregation states that members of a gene pair separate from each other in gamete formation.  If an individual has a genotype Aa, the A would go into one progeny cell and the a would go into the other progeny cell after meiosis I.  They have segregated from each other.

2.
The Law of Independent Assortment states that gene pairs segregate into gametes independently of other gene pairs during meiosis.


Note:  A common mistake is to think that the Principle of Segregation and the Principle of Independent Assortment refer to two different processes.  The Principle of Independent assortment is really an extension of the Principle of Segregation.  The Principle of Segregation states that the two alleles at a locus separate when gametes are formed; the principle of independent assortment states that, when these two alleles separate, their separation is independent of the separation of alleles at other loci.
3.
a.
Tt; tall

b.
300 tall; 100 short


c.
200

4.
a.
T_

b.
short


c.
TT

d.
1/2 tall: 1/2 short or 1:1

5
a.
PpCc

b.
ppcc


c.
Ppcc

d.
2/3

6. 1/64   ¼ X ¼ X ¼ = 1/64

Branch diagrams are a convenient way of organizing all the combinations of characteristics.  To illustrate the advantage of this method, consider the cross AaBbccDdEe X AaBbCcddEe.  Suppose we wanted to know the probability of obtaining offspring with the genotype aabbccddee.  If we used a Punnett square to determine this probability, we might be working on the solution for months.  However, we can quickly figure the probability of obtaining a particular genotype by breaking this cross into a series of monohybrid crosses:  
	Cross
	Progeny genotype
	Probability

	Aa X Aa
	aa
	¼ 

	Bb X Bb
	bb
	¼

	cc X Cc
	cc
	½

	Dd X dd
	dd
	½

	Ee X Ee
	ee
	¼


We can now multiply these monohybrid ratios to obtain the probability of an offspring from this cross having genotype aabbccddee: ¼ X ¼ X ½ X ½ X ¼ = 1/256.  This calculation assumes that genes at these five loci all assort independently.
7. a.
The albino parent’s genotype for hair color is homozygous recessive (rr) for red hair.

b. The genotype of the brown-haired parent for hair color is heterozygous (Rr); for skin pigmentation is heterozygous (Aa).

c. The genotype of the first child with respect to hair color is heterozygous (Rr) and heterozygous for skin pigmentation (Aa).

d. The possible genotypes of the second child for hair color are Rr or rr.  The phenotype of the second child for hair color is white (lack of pigmentation).  The production of hair color depends on the synthesis and deposition of pigment in the hair.  Even though the second child carries the genetic information for brown or red hair, this gene is not expressed because the gene for albinism prevents pigment formation.  This is a form of gene interaction (which we will discuss in more detail in the next section of the course).

8. 
a.
1/32


b.
1/32


c.
9/32


d.
1/2


e.
1/16


f.
none


g.
2/3

