SHOW ALL WORK (6-STEP PROCESS) ON A SEPARATE SHEET OF PAPER FOR EACH GENETICS PROBLEM!!!


 Crosses Involving One Trait
For the crosses in this activity, we will use some of the traits Mendel observed in garden peas.  The expressions of the dominant and recessive alleles for the gene controlling one of these traits are described in the chart below along with the letter symbols that represent each allele.

Trait


Dominant

Recessive

seed coat color

brown (B)

white (b)

seed coat shape

round (R)

wrinkled (r)

pod color

green (G)

yellow (g)

height of plant

tall (T)


short (t)

Sample:

1. Predict the results of a cross between a pea plant that is homozygous for brown seeds and a plant that has white seeds.

2. Predict the results of a cross between a heterozygous brown seed plant and a white seed plant.

Problems:

1. Rr x RR

2. Gg x GG

3. Tt x Tt

4. Rr x Rr

5. Cross 2 heterozygous green plants.

6. Cross a homozygous green plant with a heterozygous green plant.

7. Cross a homozygous tall plant with a short plant.

8. Cross a white seed plant with a heterozygous brown seed plant.

9. In squash, the allele for white fruit (W) is dominant over the allele for yellow (w).  If a white-fruited plant is crossed with a yellow-fruited plant and all the offspring are yellow, what are the possible genotypes of the parents and the offspring?
Crosses Involving Two Traits
Predicting the outcome of crosses involving two traits requires basically the same procedure as that for crosses involving one trait.  Keep in mind that in these crosses the genes controlling the two different traits are located on non-homologous chromosomes.  During meiosis non-homologous chromosomes assort randomly, or independently.  This means that each of the chromosomes of any pair of homologous chromosomes has an equal probability of ending up in a gamete with either chromosome from any other pair of homologous chromosomes.  For example, assume that chromosomes A’ and A” are one pair of homologous chromosomes and 
chromosomes B’ and B” are another pair of homologous chromosomes.  Therefore, A and B chromosomes are non-homologous with respect to each other.  During meiosis there is equal probability that chromosome A’ will assort with chromosome B’ or B”.  Likewise chromosome A” is equally likely to assort with chromosome B’ or B”.  This results in equal numbers of gametes with the non-homologous chromosome combinations A’B’, A’B”, A”B’, and A”B”.  Obviously then, genes that occur on non-homologous chromosomes will also assort independently with respect to each other during meiosis.

To illustrate this situation, consider a plant that is heterozygous tall (Tt) and heterozygous green (Gg).  This plant has the genotype TtGg.  The T and t alleles (for height) are located on one pair of homologous chromosomes while the G and g alleles (for color) occur on another pair of homologous chromosomes.  Since the genes for these traits are on non-homologous chromosomes, during meiosis they will assort independently.  This means that each allele for height, T and t, has an equal probability of assorting in the same gamete with either allele for color, G or g.  To determine the possible gamete genotypes that this plant will produce, you must combine each height allele with each color allele.  
Sample:

1. Predict the results of a cross between two pea plants both of which are homozygous round, homozygous tall.

2. Predict the results of a cross between a heterozygous round, homozygous tall plant and a homozygous round, short plant.

Problems:

In mice, the ability to run normally is a dominant trait.  Mice with this trait are called running mice (R).  The recessive trait causes mice to run in circles only.  Mice with this trait are called waltzing mice (r).  Hair color is also inherited in mice.  Black hair (B) is dominant over brown hair (b).

1. Cross a heterozygous running, heterozygous black mouse with a homozygous running, homozygous black mouse.

2. Cross a homozygous running, homozygous black mouse with a heterozygous running, brown mouse.

3. Cross a waltzing brown mouse with a waltzing brown mouse.

4. Cross a homozygous running, heterozygous black mouse with a waltzing brown mouse.

5. Cross a heterozygous running, brown mouse with a heterozygous running, homozygous black mouse.
6. Cross a heterozygous running, heterozygous black mouse with a heterozygous running, heterozygous black mouse.

Probability in Genetics


Probability is a measure of the likelihood that an event will occur.  This likelihood is expressed as a numeric value.  When an event is certain to occur, its probability equals 1.  When an event cannot occur, its probability equals 0.  When an event might occur, its probability is somewhere between 0 and 1 and is expressed as a fraction or decimal, such as ½ or 0.5.  Probability can also be expressed as a percentage, such as 50%.


The probability that a particular event will occur is defined as the ratio of “satisfactory” outcomes to all possible outcomes when an “experiment” is performed.  For example, what is the probability that the roll of a die will produce a number that is divisible by 3?  There are two satisfactory outcomes, the values 3 and 6.  There are six possible outcomes, the values 1 through 6.  Therefore, the probability that the desired outcomes will occur is 2/6, or 1/3.  There are four unsatisfactory outcomes, the values 1, 2, 4, and 5.  Thus the probability that the outcome is unsatisfactory (the number showing is not divisible by 3) is 4/6, or 2/3.  Since it is certain that the number showing is either divisible by 3 or not divisible by 3, the sum of these two probabilities (1/3 + 2/3) is equal to 1.  Note that for any “experiment,” it is always the case that the sum of the probabilities of all possible outcomes (satisfactory and unsatisfactory) will be equal to 1.

Probability can be applied in genetics to predict events such as: (1) the formation of particular gamete genotypes, (2) the formation of particular offspring genotypes by the combining of two gamete genotypes, and (3) the occurrence of multiple, independent events resulting from separate matings.  In any cross, it is possible to assign a probability value to each gamete type produced by each parent.  Assigning probability values to gamete genotypes enables you to predict offspring genotypes and, therefore, phenotypes, without using the Punnett square.


For example, in an individual with the genotype Tt, there are two possible gamete types that can be produced – those with the T allele and those with the t allele.  Therefore, the probability that a gamete from this individual will have the T allele is 1 in 2, or ½.  Similarly, the probability that a gamete has the t allele is also ½.  Since these two gamete types are the only ones that can form, it makes sense that the sum of their probabilities is 1.  In other words. it is certain that any gamete formed by this individual will be either T or t.

In an individual with the genotype TT, there is only one possible gamete type because all gametes will possess the T genotype.  Thus, the probability that a gamete from this individual will possess the T allele is 1/1, or simple 1.  There is zero probability that a gamete will be of any other genotype.  Similarly, the probability that an individual of genotype tt forms a gamete of type t is also 1.


Next, consider a cross where each parent has the Tt genotype.  For each parent, the probability of a gamete having the T allele is ½ and the probability of a gamete having the t allele is also ½.  The probability of a particular offspring genotype resulting from this cross is found by multiplying the probabilities of the gamete genotypes that must combine to form the desired offspring genotype.  For 
example, the probability of a TT offspring genotype forming is the product of the probabilities that each parent will donate a T gamete.  The fraction associated with each allele represents the probability that the parent donates a gamete containing that allele.  Thus, by multiplying the gamete probabilities for each possible gamete pair, you can derive the respective offspring probabilities.
Sample:
1. Albinism, the absence of skin pigmentation, is a recessive trait.  If one parent carries a single recessive gene, what is the probability that the offspring will be homozygous dominant?

2. Blue eye color is a recessive trait.  If both parents are heterozygous for blue eyes, what is the probability that they will have a child who does not have blue eyes?

Problems:
1. The genetic disease called cystic fibrosis is inherited through a recessive gene.  If both parents are heterozygous for this trait, what is the probability that they will have a child who suffers from this disease?

2. In fruit flies, long wing is dominant over vestigial wing.  If two flies heterozygous for this trait are crossed, what is the probability that their offspring will be heterozygous?

3. In peas, yellow seed color is dominant over green seed color.  If a heterozygous yellow plant is crossed with a green plant, what is the probability that the offspring will be green?
4. Brown hair color is dominant to blond hair color.  If two brown-haired parents have one blond-haired child, what is the probability that their second child will have brown hair?

5. In peas, tall is dominant over short and red flower color is dominant over white.  If two heterozygous tall, heterozygous red plants are crossed, what is the probability that the offspring will be tall and white?

Test Crosses

In the case of a gene whose alleles exhibit dominance and recessiveness, it is not possible to determine from appearance alone if an individual with the dominant phenotype is homozygous or heterozygous.  For example, with Mendel’s peas, a heterozygous tall plant (Tt) is just as tall as a homozygous tall plant (TT).  Similarly in humans, where the allele for brown hair (B) is dominant over the blond hair allele (b), a person with brown hair may be homozygous brown (BB) or heterozygous brown (Bb).  However, in some cases, an individual’s genotype can be deduced from the phenotypes of the parents or the offspring of the individual.  Clearly, a brown-haired person who has a blond parent (bb) must have a blond allele and, therefore, must be heterozygous (Bb).  Likewise, if a brown-haired person has a blond child (bb), that could only mean that the brown-haired parent is heterozygous.


The method used with nonhumans to determine if a particular individual with a dominant phenotype is heterozygous or homozygous is to cross it with a homozygous recessive individual.  This is called a test cross.  If the organism in question is heterozygous dominant, some phenotypically recessive offspring should result.  This is because half the gametes from the heterozygous parent will carry the recessive allele.  In fact, with a large number of offspring, half the offspring should show the recessive phenotype and half the dominant phenotype.

Sample:
1. In peas, the allele for tall plant height (T) is dominant over the allele for short plant height (t).  A tall palnt (T_) was crossed with a short pea plant (tt).  Of the 95 offspring that resulted, 55 were tall and 40 were short.  Determine the genotype of the tall parent plant.

Problems:
1. A tall pea plant is crossed with a short pea plant.  All 55 of the offspring are tall.  What is the genotype of the tall parent?

2. In squash, white fruit color is dominant to yellow fruit color.  If a cross between a white-fruited plant and a yellow-fruited plant yielded 43 white and 37 yellow progeny, what is the white parent’s genotype?

3. A blond-haired man marries a brown-haired woman.  They have four children all of whom have brown hair.  (a) What is the genotype of their mother? (b)  If the mother is heterozygous, what is the probability that the couple will have a blond child?

4. In peas, the tall allele (T) is dominant over the short allele (t) and the allele for smooth seeds (S) is dominant over the allele for wrinkled seeds (s).  List all the possible genotypes of a tall smooth plant and show the expected results of the test crossed involving each of these genotypes.

Crosses Involving Incomplete Dominance

In the traits considered previously, an organism heterozygous for a trait has been indistinguishable from a homozygous dominant individual.  This is because a dominant allele prevents the expression of a recessive allele.  Thus Mendel’s peas were either tall or short.  If a pea plant had one tall allele and one short allele, it was as tall as a pea having two tall alleles.


There are some genes for which this is not true.  For example, in Japanese four-o’clocks, the gene controlling flower color has alleles that are neither dominant nor recessive.  Plants that have two red alleles (RR) have red flowers.  Plants with two white alleles (WW) have white flowers.  However, plants with one red allele and one white allele, (RW), are pink.  This condition is called incomplete dominance.

The outcome of crosses involving traits that show incomplete dominance are determined in the same way as those involving dominant traits.  However, keep in mind that each allele of a gene showing incomplete dominance is represented by its own capital letter.  Also, with incomplete dominance, the heterozygote has a phenotype different from that of either homozygote.

Sample:
1. In Japanese four-o’clocks, predict the outcome of a cross between a red-flowered plant and a pink-flowered plant.

Problems:
1. In Japanese four-o’clocks cross 

a. a red plant with a white plant

b. a white plant with a pink plant

c. a red plant and a pink plant

d. two pink plants

2. In some cats the gene for tail length shows incomplete dominance.  Cats with long tails and those with no tails are homozygous for the respective alleles.  Cats with one long-tail allele and one no-tail allele have short tails.  Cross

a. a long-tailed cat and a cat with no tail

b. a long-tailed cat and a short-tail cat

c. a short-tail cat and a cat with no tail

d. two short-tail cats

Crosses Involving Codominance

In codominance, two dominant alleles are expressed at the same time.  This is different from incomplete dominance, in which neither allele is completely dominant or completely hidden.  One example of codominance is the roan coat in some cattle.  A cross between homozygous red shorthorn cattle and homozygous white shorthorn cattle results in heterozygous offspring with a roan coat.  The roan coat consists of a mixture of all red hairs and all white hairs.  Because each hair is either all red or all white, the condition shows codominance.


Capital letters with superscripts (or primes) are often used to represent genotypes in codominance.  For example, the symbol CR (or R) can represent the allele for red coat in shorthorn cattle, and the symbol CW (or R’) can represent the allele for white coat.  Codominance also occurs in human heredity.  The inheritance of AB blood type is an example of codominance found in humans.
Sample:
1. Cross a red-haired shorthorn cattle with a white-haired shorthorn cattle

Problems:
1. Cross two roan-haired shorthorn cattle

2. Cross a homozygous red-haired horse (RR’) with a homozygous white-haired horse (R’R’)

3. Cross a heterozygous roan horse with a white-haired horse

Crosses Involving Multiple Alleles
In previous activities, every gene was considered to have only two possible alleles.  For example, the alleles of the gene for plant height is peas are either tall or short, and the alleles of the gene for fruit color in squash are either yellow or white.  However, there are genes for which more than two different alleles exist.  When this is the case the alleles are referred to as multiple alleles.

As you know, a diploid individual can carry only two alleles for any gene.  This is because for each gene one allele is carried on each of the two chromosomes that constitute a pair of homologous chromosomes.  But in a population of individuals, more than two alleles of a gene can exist.  For example, one individual may have alleles 1 and 2 of a particular gene while another individual may have alleles 2 and 5 of that same gene.  The best know example of multiple alleles involves the gene for blood type in humans.  This gene has 3 different alleles and is located on chromosome 9, two copies of which exist in all human body cells.  The alleles of this gene are designated as follows:

IA – codes for type A blood
IB – codes for type B blood
i   – codes for type O blood

IA and IB are each dominant over i, but are not dominant over each other (they are codominant to each other).  The possible genotypes and corresponding blood types are as follows:
         Genotype
       Phenotype (blood type)


ii

O


IAi

A


IA IA

A


IB i

B


IB IB

B



IA IB

AB

Sample:
1. A woman with type A blood whose father was type O marries a man with type AB blood.  What will be the possible genotypes and phenotypes of their children?

Problems:
Show the cross between:

1. A woman homozygous for type B blood married to a man who is heterozygous type A. 

2. A man with type O blood married to a woman with type AB blood.

3. A type B woman (whose mother was type O) married to a type O man.

4. A type A woman (whose father was type B) married to a type B man (whose mother was type A).
5. What is the probability that a couple whose blood types are AB and O will have a type A child?

6. A couple has a child with type A blood.  If one parent is type O, what are the possible genotypes of the other parent?

Sex-Linked Traits

Sex-linked traits are those whose genes are found on the X chromosome but not on the Y chromosome.  In humans the X chromosome is much larger that the Y chromosome and contains thousands of genes more than the Y chromosome.  For each of the genes that are exclusively on the X chromosome, females, who are XX, would obviously have two alleles.  Males, who are XY, would have only one allele.  Thus, females with one recessive allele and one dominant allele for a gene that is unique to the X chromosome will display the dominant phenotype.  A female that is heterozygous for a sex-linked trait is called a carrier because she “carries” the recessive allele even though she is normal and therefore can pass it down to her offspring.  However, a male with a recessive allele for a gene unique to the X chromosome will always exhibit that recessive trait because there is no other corresponding allele on the Y chromosome.


In humans, each of three different sex-linked genes has a defective recessive allele that causes a disease.  The diseases are hemophilia, color-blindness, and Duchenne’s muscular dystrophy, a condition wherein muscles begin to degenerate in childhood.  In hemophilia, the defective allele prevents the synthesis of a factor needed for blood clotting.  In the example below, hemophilia is used to illustrate how sex-linked traits are designated.

XH 
X chromosome with normal dominant allele (nonhemophilia)


Xh 
X chromosome with recessive hemophilia allele


Y
Y chromosome (does not contain comparable gene)

Sample:
1. A man with hemophilia marries a homozygous normal woman.  Predict the genotypes and phenotypes of their children.

Problems:
1. A woman who is heterozygous for hemophilia marries a normal man.  What will be the possible phenotype ratio of their children?

2. A woman who is a carrier for hemophilia marries a hemophiliac man.  What will be their childrens’ possible phenotype?

3. A hemophiliac woman has a phenotypically normal mother.  What are the genotypes of her mother and father?

4. A phenotypically normal woman has phenotypically normal parents.  However, she has a hemophiliac brother.  (a) What are her chances of being a carrier for hemophilia? (b) If she is a carrier and marries a normal male, what is the chance of a child being a hemophiliac?

5. A phenotypically normal man who has a hemophiliac brother marries a homozygous normal woman.  What is the probability that any of their children will be hemophiliac?

6. If a normal-sighted woman whose father was color-blind marries a color-blind man, what is the probability that they will have a son who is color-blind?  What is the probability that they will have a color-blind daughter?

7. What is the probability that a color-blind woman who marries a man with normal vision will have a color-blind child?

8. In fruit flies, white eyes is a sex-linked recessive trait.  Normal eye color is red.  If a white-eyed male is crossed with a heterozygous female, what proportion of the offspring will have red eyes?

