Genetics Challenge Problems Probability & Complex Inheritance

Probability in Genetics:

Probability is a measure of the likelihood that an event will occur. This likelihood is expressed as a numeric value. 


Event is certain to occur(probability equals 1


Event cannot occur ( probability equals 0


Event might occur ( probability is between 0 and 1 (decimal or percentage)
1) An organism that has the genotype AaBbCc is crossed with an organism that has the genotype AABbCc. Assume all genes are on separate sets of chromosomes (that is, they are not linked).
a. What is the probability that any of the offspring will have the genotype AABBCC? (Show your work).
b. What is the probability that any of the offspring will have the genotype AaBbcc? (Show your work).
2) In the following cross, what is the probability of obtaining offspring that show all three dominant traits, A__B__C__ (__ indicates that the second allele can be either dominant or recessive without affecting the phenotype determined by the first dominant allele)?
                                                                   AaBbcc    x    AabbCC

a. Probability of offspring that are A__B__ C__  =  ________  (Show your work)
b. What is the probability that the offspring of this AaBbcc  x   AabbCC cross will show at least two dominant traits?  (Show your work.)
3) In rabbits, the homozygous CC is normal, Cc results in rabbits with deformed legs and c is lethal. For a gene for coat color, the genotype BB produces black, Bb brown, and bb a white coat. Give the phenotypic ratio of offspring from a cross of a deformed-leg, brown rabbit with a deformed-leg white rabbit. ( Show your work).

4) A rooster with gray feathers is mated with a hen of the same phenotype. Among their offspring, 15 chicks are gray, 6 are black, and 8 are white. What is the simplest explanation for the inheritance of these colors in chickens? What phenotypes would you expect in the offspring of a cross between a gray rooster and a black hen?


5) A dominant allele M is necessary for the production of the black pigment melanin; mm individuals are white. A dominant allele B results in the deposition of a lot of pigment in an animal’s hair, producing a black color. The genotype bb produces brown hair. Two black animals heterozygous for both genes are bred. Fill in the following table for the offspring of this MmBb  x  MmBb cross. 

	Phenotype
	Genotype
	Ratio

	Black


	
	

	
	M__bb
	

	
	
	


6) In Labrador retriever dogs, the dominant gene B determines black coat color and bb produces brown. A separate gene E, however, shows dominant epistasis over the B and b alleles, resulting in a “golden” coat color. The recessive e allows expression of B and b. A breeder wants to know the genotypes of her three dogs, so she breeds them and makes note of the offspring of several litters. Determine the genotypes of the three dogs.

a. golden female (Dog 1)  x golden male (Dog 2)

offspring: 7 golden, 1 black, 1 brown


b. black female (Dog 3)  x   golden male (Dog 2)


        offspring: 8 golden, 5 black, 2 brown
7) The height of spike weed is a result of polygenic inheritance involving three genes, each of which can contribute an additional 5 cm to the base height of the plant. The base height of the weed is 10cm, and the tallest plant can reach 40 cm. 
a. If a tall plant (AABBCC) is crossed with a base-height plant (aabbcc), what is the height of the F1 plants?
b. How tall would a AAbbCc plant be? 

8) True-breeding red-flowered plants are crossed with dwarf white-flowered plants. The resulting F1 generation consists of all tall pink-flowered plants. Assuming that height and flower color are each determined by  a single gene locus on different chromosomes ( the genes are not linked), predict the results of an F1 cross of the TtRr plants. List the phenotypes and predicted ratios for the F2 generation. 

9) In horses, brown coat color (B) is dominant over tan (b). Gene expression is dependent on a second gene that controls the deposition of pigment in hair. The dominant gene (C) codes for the presence of pigment in hair, whereas the recessive gene (c) codes for the absence of pigment. If a horse is homozygous recessive for the second gene (cc), it will have a white coat regardless of the genetically programmed coat color (B gene) because pigment is not deposited in the hair. Predict the phenotypes of a cross between two horses that are heterozygous for both coat color and presence of pigment genes.

10) Albinism (lack of pigment) is familiar in rats. It is caused by a recessive gene. The coat color in rats may be agouti (grey) or black coats. These are determined by the alleles G and g. The genes for albinism are a separate set of alleles. These genes are either A or a. A gray rat, heterozygous for both traits, is mated with a black rat heterozygous for pigmentation. What are the offspring? Give the phenotypes after you have drawn a Punnett Square.
11) predict the fraction of offspring from an Aa x Aa cross that will have the dominant phenotype (AA or Aa genotype).
12) If we breed two dogs with the genotype BbCc, where dominant allele B specifies black coat color (versus b, yellow coat color) and dominant allele C specifies straight fur (versus c, curly fur). Assuming that the two genes assort independently and are not sex-linked, how can we predict the number of BbCc puppies among the offspring? In the same cross, predict the fraction of offspring with black coat color and straight fur.
13) a cross between two individuals with various alleles of four unlinked genes: AaBbCCdd x AabbCcDd. predict the probability of getting offspring with the dominant phenotype for all four traits.

Extension topic: Epistasis


In these problems, two genes will work together to determine a single trait.  Usually, one gene is in charge of the actual phenotype, while the other is in charge of whether the first gene is expressed. 


Ex: In dogs, black (B) and brown (b) pigment are controlled by one gene.  


But, a second gene (E) is responsible for depositing the pigment into the fur.  The recessive (e) results in no pigment in the fur.  A dog might have a BB genotype, making a lot of black pigment, but without an E allele, the pigment never gets into the hair; the dog looks light-colored. 


Some possible genotype/phenotypes:


BBEE  = Black


bbEe = brown


BBee = light coloring (yellowish)











