Applied Genetics

Section 11.1
Dihybrid Crosses

Pre-View 11.1

e Dihybrid cross — studying two traits crossed from parent organisms

¢ Law of Independent Assortment — a natural law that explains how traits are inherited independently of
other traits

So far we have looked at monohybrid crosses, which only study one trait at a time. Many times scientists study two or
more traits at a time. Studying two traits at a time is called a dihybrid cross.

When at least two traits at a time are studied, they illustrate the Law of Independent Assortment, which means that
inheriting one trait doesn’t affect the inheritance of another trait. For instance, having brown eyes has nothing to do
with having freckles. The genes are inherited independently of each other. Again, Mendel was the first to make these
observations, so this law is often called Mendels Law of Independent Assortment. (You’ll see later how this “law”
isn’t always true.)

To show a dihybrid cross, let’s pick two different traits, such as handedness and freckles. Being right-handed (R) is
dominant over being left-handed (r), and having freckles (F) is dominant over not having freckles (f).

Let’s say that both the mother and the father are heterozygous for both traits. We can create a Punnett square of this
dihybrid cross to analyze how these traits might appear in their children. The Punnett square is bigger and looks more
complicated, but it really isn’t difficult to do. Just follow these steps.

1 2
Step 1: First, pick a parent. The mother is heterozygous for both traits, (RTFf), /7 VR
so she has a dominant R gene and a recessive r gene. She also has a RrFf=RF RrFf = Rf
dominant F gene and a recessive f gene. She can pass on each of these 3 4
traits independently to her children. What are the four possible n N
combinations of these traits? They are RF, Rf, 1F, and rf. RrEf = rF RrEf = rf

S{ep 2: Next, consider the father. He is also heterozygous for both traits, so the combinations of traits are
the same: RF, Rf, rF, and rf.

Siep 3: Now fill in a Punnet square with these combinations. Since there are four combinations for each
parent, the square is 4 % 4 instead of 2 x 2. But you fill it in the same way.

Mother
RF Rf rF rf
RF RRFF RRFf RrFF RrFf
Rf RRFf RRff RiFf Rrff
Father
rF RrFF RrFf 1rFF rrFf
rf RrFf Rrff rFf rrff
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Section 11.1, continued
Dihybrid Crosses

Now let’s figure out what all of this means. Use what you know about Punnett squares to do the following practice
exercise.

Practice 1

Look at the sixteen squares in the middle that represent possible offspring of two heterozygous parents. If a
square has at least one R, that offspring will be right-handed since right-handedness is dominant. Similarly, if a
square has at least one F, the offspring will have freckles since freckles are dominant.

RF Rf rF rf
RF RRFF RRFf RrFF RrFf
Rf RRFf RRAf RrFf Rrif
rF RrFF RrFf rFF rFf
rf RrFf Rrff rFf rff

How many squares have at least one R and at least one F?
How many squares have at least one R and have ff?

How many squares haves rr and have at least one F?

oL

How many squares have rr and ff?

5. What is the phenotype represented by squares with at least one R and at least one F? (Hint: Phenotype will be a
combination of left-handed or right-handed, freckles or no freckles.)

6. What is the phenotype represented by squares with at least one R and ff?

7. What is the phenotype represented by squares with rr and at least one F?

8. What is the phenotype represented by squares with rr and ff?

Look at the numbers that you got for the squares. You should have a phenotypic ratio of 9:3:3:1. All heterozygous
dihybrid crosses have a phenotypic ratio of 9:3:3:1, just like the Punnett square above.

The “math” for dihybrid crosses isn’t quite as easy since you are now dealing with 16 squares instead of just 4. For
example in the cross given above, what is the probability of having an offspring that is homozygous recessive for both
traits? You should recognize that homozygous recessive means r1ff, or in other words, left-handed with no freckles.
Only one out of sixteen (1/16) is predicted to be homozygous recessive. If you convert to a percentage, 1/16 is 6.25%.
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Section 11.1, continued
Dihybrid Crosses

Practice 2

Practice creating a dihybrid croess with a Punnett square. Read the following information about two
characteristics in pea plants, seed color and seed shape. Then answer the following questions.

In pea plants, yellow seed color (Y) is dominant to green seed color (y), and rounded seeds (R) are dominant to
dented seeds (r). A pea plant that produces green seeds and is heterozygous for seed shape is crossed with a pea
plant that is heterozygous for seed color and has dented seeds.

1.

Plant #2

Plant #1 produces green sceds and is heterozygous for seed shape. What is the
genotype of plant #1?7 (Hint: You should have a list of four letters.)

Plant #2 is heterozygous for seed color and has dented seeds. What is the
genotype of plant #2?

For plant #1, what are the four possible combinations of alleles for seed color and
seed shape? (Hint: One of your combinations should be yR.)

For plant #2, what are the four possible combinations of alleles for seed color and
seed shape?

Use the combinations from 3 and 4 to fill in the Punnett square below.

Plant #1

What is the probability that the offspring of this cross will be homozygous
recessive for seed color and seed shape? (Hint: You can leave your answer as a
fraction, but be sure to reduce if possible.)

What is the probability that the offspring of this cross will have seeds that are
yellow and dented?
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Applied Genetics

Section 11.2
Incomplete Dominance
and Codominance

Pre-View 11.2

snapdragons

expressed; for example, roan cattle have both red hair and white hair (not pink)

e Sickle cell anemia — a genetic disease caused by a codominant gene

¢ Incomplete dominance — having alleles that do not have complete dominance so the resulting trait is a
mix of two alternate traits; for example, red snapdragons crossed with white snapdragons produce pink

e Codominance — having two or more alleles that are equally dominant for a trait so that both traits are

Although Mendel leared a lot about genetics, all of the traits that he studied had one dominant allele and one
recessive allele. Unfortunately, it’s not always that easy. Scientists have learned a lot of new stuff that Mendel didn’t
know. There are many things that affect how characteristics are inherited. In this sub-section, we’ll look at two cases

that are exceptions to Mendel’s rules: incomplete dominance and codominance.

Incomplete Dominance

Some organisms have traits whose alleles show incomplete dominance, which
means that neither allele for a particular trait is dominant over the other. Snapdragons
are plants that show incomplete dominance in their flower color. If snapdragons with
red flowers are crossed with snapdragons with white flowers, the phenotype of the
offspring is between the two colors. They will have pink flowers, just like mixing red
paint and white paint to get pink paint.

When you complete a Punnett square for incomplete dominance, you don’t use
lowercase letters since neither allele is recessive to the other one. Instead, a capital
letter is used for one allele, and the same capital letter with an apostrophe or tic mark
after it represents the other allele. (Sometimes two different capital letters are used.)
Figure 11-1 shows a Punnett square for the incomplete dominance of snapdragons.

How can you tell if you are looking at a cross that shows incomplete dominance?
First, there are three different phenotypes — one for each parent and a different one
for the offspring. Second, the phenotype of the offspring will be a mix or blend of the
parents’ phenotypes.

Codominance

At first, codominance looks somewhat the same as incomplete dominance, but in
codominance, both alleles are expressed equally. Instead of neither allele being
dominant, both alleles are dominant. Both parental phenotypes appear in the offspring
together but not mixed. For example, in certain kinds of chickens, black feathers and
white feathers have codominant alleles. When you cross a black chicken and a white
chicken, you get offspring that are black and white speckled.

In a Punnett square, codominance does not use lowercase letters either. To distinguish

codominance from incomplete dominance, sometimes superscripts are used. An
example of a Punnett square for codominance is given in figure 11-2.
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Incomplete Dominance

R R
R’[ RR’ RR’
RY RR" | RR’
R — Red allele
R’ — White allele
RR’ - Pink flowers
Fig. 11-1
Codominance
. F®
FW FBFW FBFW

FB — Black feather allele
FY — White feather allele
FPFW — speckled feathers

Fig. 112




Section 11.2, continued
Incomplete Dominance
and Codominance

Roan color in cattle and horses is another example of codominance. RR produces all red hairs, and WW produces all
white hairs. RW produces roan fur, which has red and white hairs all mixed together. Notice the hairs aren’t pink, like
the snapdragon flowers’ example of incomplete dominance. In codominance, some hairs are red and some are white.
(Notice that in this case, two different capital letters are used. Two capital letters may be seen when showing
incomplete dominance or codominance.)

Sickle Cell Anemia

Sometimes genetic diseases can be caused by a codominant gene. An example of a codominance
disease trait in humans is sickle cell anemia. The sickle cell trait causes the hemoglobin in red

blood cells to be the wrong shape. Hemoglobin is a protein that carries oxygen. If it doesn’t

have the right shape, the red blood cell changes shape. Instead of being round, the cells are
crescent shaped. The deformed cells can stick together and block small blood vessels.

Sickle cell anemia is most common in people of African ancestry, but it can occur in other
ethnic groups, especially Mediterrancan and Middle Eastern. An estimated 2 million
Americans carry one gene for the sickle cell trait. If someone is heterozygous for the
sickle cell gene (has one defective gene and one normal gene), then they produce enough
normal red blood cells to live normal lives. They don’t usually have sickle-cell problems
unless they are at very high altitudes or other places where oxygen is less available.

People who are homozygous for sickle cell, however, have very serious health problems. The affected person may feel
tired and weak, and the disorder increases the risk of stroke and infections. The sickle cells also die quickly, so the
person can become anemic. Similar to testing for PKU, testing for sickle cell anemia is now required in almost every
state. Although there is no cure for sickle cell, doctors are able to treat many of the symptoms.

Multiple Alleles

So far we’ve seen examples of traits that are determined by only two different alleles. Although
each individual will have only two alleles per trait, it is possible to have more than two alleles
that can determine a trait. Let’s look at a common example below, human blood type.

Do you know what type of blood you have? Humans have four main blood types: A, B, AB, and
O. These blood types are determined by multiple alleles. There are three alleles for the blood
type gene instead of two, but you have only two in your cells — one from your mother and one
from your father. How do you get four blood types from three alleles?

1. Each person has two alleles — one from the mother and one from the
father. Blood Type Genotypes
A B A A or 14
2. There are three alleles for blood type — 1", 1", and 1. B BB or I5;
3. T*and I are codominant to each other. AB |AB
4. Both I* and I® are dominant over 1, which is recessive. o i
Fig. 11-3
Figure 11-3 shows the different human blood types and the possible

genotypes for each.
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Section 11.2, continued
Incomplete Dominance
and Codominance

Blood typing is important because a person getting a blood transfusion can die if the wrong type of blood is given.
The wrong blood type causes the red blood cells to clump together, and the person dies. Blood typing is also
important in paternity disputes. It can’t prove that a specific man is the father of a child, but sometimes it can prove
that a certain man is not the father of a child.

Example {: Ifachild has type AB blood and the mother has type A blood, could a man with type O blood be
the father?

We know that the child’s genotype is I*IP and that the man’s genotype is ii. The mother’s " Pori
genotype is either I*I* or I*i. This man could not be the father because he couldn’t give i n | Piori
the child an I” allele to make the AB blood type. The possibilities may be easier to see by

using a Punnett square. The Punnett square shows that a mother having a genotype of IS

or Ii and a father having a genotype of ii will NOT give a child the genotype 2, i | Mol

Example 2: A mother has type A blood, and a father has type B blood. Can they have a child with type O
blood? Why or why not?

This couple can have a child with O blood IF the parents’ genotypes are I*i and 1%i. In this case, each parent
could contribute the recessive i gene, which would result in type O blood.

Practice
Answer the following questions about incomplete dominance and codominance.

® © © 1. Blue-haired blips are crossed with yellow-haired blips. All of the offspring have green hair. Hair
color in blips is an example of what?

A. codominance C. recessive alleles
B. incomplete dominance D. complete dominance

® © © 2. A snert with purple spots mates with a snert with pink spots. How would you tell that spot color
1s codominant?

A. The offspring have pink spots. C. The offspring have pink and purple spots.
B. The offspring have purple spots. D. The offspring do not have any spots.

B 3. A green-striped dowop and a yellow-striped dowop have 12 offspring. Three of the offspring
¢ P
have green stripes, three have yellow stripes, and 3 have green and yellow stripes. The other
3 offspring do not have any stripes at all. What explains the different phenotypes of the

offspring?
A. codominance C. co-alleles
B. incomplete dominance D. multiple alleles

® © ©® 4. Sickle cell anemia is a codominant gene. If two parents who are heterozygous for the sickle cell
trait have children, what percentage would be homozygous for the disease?

A 0% C. 50%
B. 25% D. 100%
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Section 11.2, continued
Incomplete Dominance
and Codominance
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A trait for snapdragon flower color is controlled by incomplete dominance. A snapdragon plant
with red flowers is crossed with a snapdragon plant with white flowers. What percent of the
offspring will have pink flowers?

A. 0% C. 50%
B. 25% D. 100%

If two snapdragon plants with pink flowers are crossed, what percent of offspring would you
predict as also having pink flowers?

A. 0% C. 50%
B. 25% D. 100%

A pink snapdragon plant is crossed with a red snapdragon plant. What percent of the offspring
can be predicted to have white flowers?

A, 0% C. 50%
B. 25% D. 100%

Roan color in cattle is controlled by codominant genes for both red (R) and white (W) hair. If a
roan cow is crossed with a white bull, what percent of offspring would be white?

A. 0% C. 50%

B. 25% D. 100%

A woman with Type AB blood marries a man With Type O blood. Their children could have
which of the following blood types?

A. Aonly C. AorBonly

B. Bonly D. A, B,orAB only

A woman with heterozygous Type A blood (IAi) marries a man with Type AB blood (IAIB).
Their children could have all of the following blood types EXCEPT which of the following?

A. TypeA C. Type AB
B. TypeB D. Type O

235



Applied Genetics

Section 11.3
Linked and Sex-Linked Genes

Pre-View 11.3

¢ Law of Independent Assortment — a natural law that explains how traits are inherited independently of
other traits

¢ Sex chromosomes — the one pair of X and Y chromosomes that determines gender
® Sex-linked genes — genes that are found on either the X or the Y sex chromosome
e Red-green color blindness — a sex-linked disorder that is carried on the X chromosome

¢ Hemophilia — a sex-linked disease that is carried on the X chromosome

Revisiting the Law of Independent Assortment

Mendel looked at seven different traits in pea plants: pea shape, seed color, flower color, flower position, pod color,
pod shape, and plant height. As he studied the inheritance of two traits, he hypothesized that each allele would
segregate (separate) independently during gamete formation. In the case of seed color and seed shape, he determined
that the alleles do separate independently of each other. As you saw in Section 11.1, his hypothesis became known as
the Law of Independent Assortment.

Mendel was no dummy; the Law of Independent Assortment is true most of the time, but there are some exceptions.
Remember, Mendel didn’t know about genes and chromosomes. The Law of Independent Assortment is true when the
genes are on different chromosomes. It is not always true for genes on the same chromosome because two genes that
are close enough together on the same chromosome may be linked — that is, they may be inherited together.

Genes are found at different locations along a chromosome. Look at
figure 11-4. To use a very simple example, Section A may represent
the location of gene A. Section B would have gene B, and so on.
Remember that during meiosis, homologous chromosomes (the ones
from each parent) line up side by side (as seen in figure 11-4). The
genes C and D are close together. Even if crossing over occurs,

Crossing Over

\

— AITA
these two genes may be exchanged together. See how C and D stay locations of 1‘3 %
together? Genes A and D, on the other hand, may end up on different Qe"eS: v
different chromosomes if crossing over occurs. The closer two genes homologous X/
are on the same chromosome, the more likely they are to be linked chromosomes exchanged DNA
together. For example, in humans the characteristics for red hair and
freckles seem to be linked. Fig. 11-4

The Study of Linked Genes

Who discovered linked genes? In the early 1900s, a scientist named Thomas Morgan and his graduate students were
studying a little insect called Drosophila, or fruit fly. They found that the fruit flies had several genes that did not
show independent assortment. Fruit fly body color could be gray (G) or black (g), and wings could be long (L) or
vestigial (1). (Vestigial wings are so small that they don’t really function as wings.) Morgan found that the flies that
were gray tended to have long wings and the flies that were black tended to have vestigial wings. He found that these
genes are so close on the same chromosome that they tend to be inherited together. Later studies found that many
other organisms, including humans, have linked genes.
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Section 11.3, continued
Linked and Sex-Linked Genes

Sex Chromosomes

Humans have 23 pairs of chromosomes (for a total of 46 chromosomes).
You’ve already seen how the autosomes pass on traits. Now let’s look at the
other pair of chromosomes, the sex chromosomes. Humans have 22 pairs of
autosomes and one pair of sex chromosomes. The sex chromosomes are
called the X and Y chromosomes, and they determine gender. Human females
have two X chromosomes, and males have one X chromosome and one

Y chromosome. The X chromosome is larger than the Y chromosome, so it has
more genes on it.

Sex-Linked Genes

In humans the X and Y chromosomes determine gender, but they also have genes on them that determine other
characteristics. These genes are called sex-linked genes because they are found on either the X chromosome or the

Y chromosome. Because the X chromosome has more genes on it, most sex-linked genes are X-linked. Don’t confuse
sex-linked genes with the linked genes mentioned earlier. Linked genes are on aufosomes.

Color Blindness

A defective gene on either the X or the Y chromosome may result in a sex-linked disorder or disease. A common sex-
linked disorder is red-green color blindness. Color blindness is more correctly called color-deficiency because most
people with this disorder can see some colors. It occurs when there is a problem with the cone cells in the eye, which
sense colors. The most common form is red-green color deficiency, where a person has trouble telling the difference
between red and green. Another form is blue-yellow deficiency. The deficiency may be so mild that a person doesn’t
know if he is affected or so severe that the person can’t see any color at all.

Both males and females can be color-deficient although it is rare in females. Why? The gene for color vision is carried
on the X chromosome. Since color deficiency is a recessive trait, a female would have to inherit one gene from her
mother and one gene from her father to be color deficient. If she has one normal color vision gene, then she will have
normal color vision. A male, on the other hand, has only one X chromosome. If he inherits the color deficient gene
from his mother, he automatically will have color deficient vision since his father can’t give him a dominant gene for
normal color vision. (The Y chromosome doesn’t have a gene for color vision at all.) As a result, about 10% of males
have some form of color deficiency.

The allele for normal color vision is shown by XB, and color blindness is shown by XP. The chart below shows the
possible genotypes and phenotypes:

GENOTYPE | PHENOTYPE
Males By normal color vision Ifa mal‘e gets the color' blinc}ness gene, he Wﬂ.l be
b lor blind color blind. He would inherit the gene from his
XY color blin mother. Females are color blind only if they get two
Females xB xB normal color vision genes for color blindness — one from each parent.
xB xP normal but a carrier
x° xP color blind

Using capital and lowercase letters as superscripts, as shown above, is a common way to indicate sex-linked traits.
However, a sex-linked gene may be indicated by X'. For example, a normal female would be shown as XX, a carrier
female as XX’, a normal male as XY, and an affected male as X"Y. The apostrophe indicates the presence of a sex-

linked gene.
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Section 11.3, continued
Linked and Sex-Linked Genes

Example:

If a woman who has normal color vision but who carries the recessive allele for color blindness

marries a man with normal color vision, will their children have normal color vision?

To answer this question, fill in a Punnett square to see the possible genotypes xB xb
in the offspring. Notice that two out of the four offspring represent daughters
and the other two represent sons. B-.B Beb
| XX XX
To consider the daughters, look at only the possibilities with two X’s. Since X normal carrier
both possibilities for daughters has one normal X2 gene, all of the girls would daughter | daughter
have normal color vision. However, one out of two of the daughter B "
possibilities has an X° gene, which means that there is a 50% chance that a v XY XY
girl will carry the color blind gene. noszrﬁal affseoc;ed

Now consider the sons, which have an XY. Can you see that if the couple has
a boy, there is a 50% chance that he would be color blind?

Hemophilia

Human blood contains proteins called clotfing factors that stop bleeding when a person gets a cut or a scratch. People
with hemophilia don’t have enough of one of these proteins and will bleed for a longer period of time than those with
the normal level of proteins. They don’t bleed faster, just longer. They have to be concerned about internal bleeding,
especially into muscles and joints. Like color vision, the gene is carried on the X chromosome, so it affects men more
than women although women are carriers.

Practice
Answer the following questions about linked and sex-linked genes.

@00 1

The diagram below represents the chromosome from a fruit fly.

The shaded region on the chromosome represents what?

C. asex-linked disease
D. multiple alleles

A. the location of a gene
B. ahomologue
® © ©® 2. Afictitious creature can have green eyes or blue eyes, red wings, or white wings. Green eyes
and red wings seem to be inherited together in both male and females. What is the MOST likely
explanation for this inheritance pattern? '

A. The genes for green eyes and red wings are recessive.
B. The genes for eye color and wing color are sex-linked genes found on the X chromosome.
C. The genes for eye color and wing color are close together on the same chromosome.
B. The genes for green eyes and red wings are codominant.
® ©@ :. Why are there are more human males with color blindness than there are color blind human
females?

C. Itis arecessive gene.
D. Itis asex-linked gene.

A. Ttis an inherited gene.
B. Itis a dominant gene.
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In humans, red-green color blindness (XP) is recessive, and normal color vision (XB) is
dominant. A female with red-green color blindness would have which genotype?

A. XBx® C. X°Y®
B. X"X® D. XBYP
What are the chromosomes that determine gender in humans called?

A. autosomes C. gendosomes
B. homolosomes D. sex chromosomes

Hemophilia, a bleeding disorder, is a human sex-linked trait. A man with hemophilia (X2Y)
marries a woman who carries one gene for the disorder (XtX™),

xh Y
xb | xbxh | xhy

xH | xHxh | xHy

What are the chances that their first born son will have hemophilia?

A. 0% C. 75%
B. 50% D. 100%

Which of the following would be true of all daughters born to a man with hemophilia,
regardless of who the mother is?

A. None of the daughters would have hemophilia nor would they carry the gene for
hemophilia.

B. All daughters would have hemophilia.

C. All daughters would carry at least one gene for hemophilia but would not necessarily have
the disorder. '

D. About 50% of the daughters would carry one gene for the disorder, and about 50% would
have the disorder.

Muscular dystrophy is an X-linked disorder that causes progressive weakening of skeletal
muscles. It is usually passed from a mother to a son. A mother who is a carrier for this disorder
(XX") marries a man who is normal (XY).

X X’
XX | XX
XY | XY

Which of the following is a true statement about the couple’s sons?

A. There is a 25% change that each son will have the disorder.
B. There is a 50% chance that each son will have the disorder.
C. There is a 75% chance that each son will have the disorder.
D. All sons will be born with the disorder.
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Applied Genetics

Section 11.4
Pedigrees

Pre-View 11.4

® Pedigree — a diagram used by geneticists to chart a trait from one generation to another

Have you ever seen your family tree? You know — a family tree is a diagram that shows different generations and
various members of your family. Geneticists use a diagram called a pedigree that is similar to a family tree to show
genetic inheritance. Pedigrees can help geneticists determine if a trait is inherited, they can show how a trait is passed
from one generation to the next, and they can help determine whether an allele for a trait is dominant or recessive.

Pedigrees always use certain symbols that you should know. Study the sample pedigree given below.

1L

IIL.

Iv.

Fig. 11-5

Sample Pedigree of a Family with Color Blindness

+- P1 generation (original parents)
l_ F1 generation (4 offspring)

«— F2
generation

«~— F3
generation

o OB O[]

KEY

normal male

normal female

affected male

affected female

carrier female

Each horizontal row represents one
generation, and the youngest
generation is at the bottom. The rows
are usually labeled with Roman
numerals. Row I corresponds to the
first generation (P1), row 11
corresponds to the children of the first
generation and their spouses (F1), row
IIT represents their grandchildren (F2),
and so on. The horizontal line between
a square and a circle represents
parents. The vertical line between the
parents that link to the next generation
shows the offspring of the parents.

In the first generation (P1) of the sample above, the father is affected by color blindness, and the mother is normal.
The parents have four children, 2 sons and 2 daughters (enclosed by the dotted line). Both sons are normal, but both
daughters are carriers.

Example 1: Inthe pedigree given in figure 11-5, determine the genotypes of the parents in the first
generation. The sons are normal, but the daughters are carriers. If the first generation parents
had additional children, could the genotypes of sons and daughters be different?

We know that color blindness is an X-linked gene. Since the man in the P1 X
generation is affected, we know that his genotype is X?Y. The woman in the
first generation is normal, so her genotype is X°XB. Use a Punnett square to

see the possible genotypes of offspring.

From the Punnett square we can see that these parents will always have

daughters that are carriers and sons that are normal.
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Section 11.4, continued
Pedigrees

Example 2: In the pedigree given in figure 11-5, both carrier daughters in the second generation marry men
who are normal. One of these women has a son and a daughter in the third generation who are
both normal. The other woman has a son who is color blind, a son who is normal, and daughter
who is a carrier. Use a Punnett square to show that all these genotypes are possible.

Both affected daughters in the second generation (F1) have a genotype of X2XP. The
normal men that they marry have a genotype of X2Y. In the Punnett square, you can xB | xBx®| xXBy
see that daughters born to these parents can either be normal (X®X®) or a carrier
(XBXP). Sons can either be normal (XBY) or color blind (X°Y).

x° | xBx

The carriers of a genetic disorder may not be known and may not be shown on a pedigree. The purpose of a pedigree
may be to discover who is a carrier. Look at another example.

Exa mple 3: Study the pedigree below. What type of genetic disorder is indicated by this pedigree?

Pedigree for a Genetic Disorder

]
3 @)
O

KEY

affected male

affected female

normal male

normal female

ol on

The parents in generation I have three children, two boys and a girl. One of the girls is normal, but the boy and
the other girl are affected. The logical conclusion is that both parents are a carrier of the genetic disorder. If so,
this disorder is autosomal recessive. You know that it isn’t a sex-linked disorder since neither parent is affected
and it is passed to both a son and a daughter. If it had been passed only to one or more sons, you may suspect
that the mother is a carrier of a sex-linked disorder.

Example 4: For the pedigree given in Example 3, what must be true of individual II6? If the genotype of II5
is bb, what are the genotypes of individuals 1112, 1113, and III5?

Parent 115 is an affected female that has a son who is also affected. Parent 116 must be a carrier since this disease
is recessive. Children of an affected individual, like individuals 1112, ITI3, and III5, will be carriers of the disease
since they will get one “disease” gene from the affected parent. Their genotype would be the same — Bb, or
heterozygous for the disease.
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Section 11.4, continued

Pedigrees

Practice 1

Use the pedigrees below to answer the questions that follow.

®e0o00

®e®0O00

®eO00

®eO006

@O0

1.

2.

3.

4.

Pedigree A
KEY
1 carrier
’ female
normal normal
1I. male female
?
’ . affected affected
male female
111.

What type of disorder is indicated in Pedigree A above?

A. sex-linked
B. autosomal recessive

C. codominant
D. autosomal dominant

In Pedigree A, individual II1 has a question mark indicating that it is unknown whether or not
she is a carrier. Which of the following would be evidence that she is a carrier?

A. She has symptoms of the disorder.

B. She has a daughter who has the disorder.

C. She has a son who has the disorder.
D. She marries a man who has the disorder.

Pedigree B
L KEY
normal normal
1L 3 o male female
affected affected
male female
Il 2] (3

Which of the following correctly describes the parents in the first generation (I) of Pedigree B?

C. They are affected by the disorder.
D. They are carriers of the disorder.

A. They have no genes for the disorder.
B. They may or may not have the disorder.

Pedigree B suggests which of the following about the disorder inherited by individuals II3 and
1157

A. The disorder is caused by a sex-linked gene.
B. The disorder is caused by a recessive gene.
C. The disorder is caused by a dominant gene.
D. The disorder is caused by a codominant gene.

Look at Pedigree B. If the son in the third generation represented by II12 has children by a wife
who is normal, what is the possibility that his children will be affected by the disorder?

A 0% B. 25% C. 50% D. 100%
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Section 11.4, continued

Pedigrees

LITA uonerduad ur umoys ALIBH pue WI[[IA\ 918 OYM

Jerrydoway yam pejoogye ofa[Te onrydoway ouo AJUo [iIm SO[ew oY) 018 AU

(ST St AgAN soerqrgdowray axe 90x31pad STyl Ul UMOYS SO Y JO SUON

{AJ uoneIdueg ur s1aysnep 1oy 03 o[a[Te onrgdowey o) passed [ uonerouss ur X7y 1ey) A1iqeqoid sy ST 1Ry

LAYM (TeuIou 1o ‘orrpigdownay e “IoLured e st oy ey 301paid nok pinopy ‘uredg Jo Sury JuoLmo ot SI A UOTRISUSS Ul SO[Ie)) uenf

1

*SHUB[( 9Y) UI SIOMSUE IN0A LI ‘suonsanb Juimerjoy ay) 1omsue 0} aa31ipad [ekoa siy) asn)

Z 201498)¢g

ey welim

ITA -
“PIO SIBAK INOJ SBM O USYM [Iedp 0} PaIq ‘A
uonNeIdUAS UI TRWSPTEA "DIO SIBA 921) A[UO SBM oY UdYM
suuy piempg yeleg melpuy sapeyd | euelq B ' PTEAM. "PI T “ﬁ 4 uoy
SuIpoeo[q [BUISIUI WIOLJ PAIP YOLIDPAL ‘II[ UoTeIouad uy
ﬂ O|ﬂ IA
-adoiny Jo sorIuey (A0 o) SMOYS )1 aSNLIAq
(uieds Jo Bury) eryydoway Jo ojdwexs snourey jsowr o) Ajqeqoid st sm T,
SOl uen T
HEQ uenr Joseblep sgmN_m_ dilud “eriydowat yim ATrurey e Jo 92131pad [enied s1y) je oo
] m@ mw A
uonnjoAsy ueissny oy} Buunp pajeulssessy ,
uenp) AIX Aepw
0IZUoY) osuUoY padny Ape LSIXaly ,eisejseuy . euey euegel ,eBio AusH Jewsplepy punwbig
X ewebng
eounely pjodos  osuojly | BUOOIA Jspuexaly | o9y LI seoyaIN | Ly youepelq euel)
. _I ﬂ (HY(O) III
BuseH Aua | souesg plodoe |eusleH  eipuexaly | piemp3 asINGT|  JUNypy  pesy Al sino | eoyy Yauspald | euooIn
AW Tr ) 1n

Hoqy BLOPIA

243



Applied Genetics

Section 11 Review

Answer the following questions on genetics and heredity.

1. In guinea pigs, short fur (S) is dominant to long 4. A white rabbit whose parents are both white
fur (s), and brown fur (B) is dominant to white produces only gray offspring when mated with a
fur (b). A brown guinea pig with long fur that is gray rabbit. What is the MOST likely genotype
homozygous for fur color is crossed with a white of the white rabbit regarding coat color?
guinea pig that is heterozygous for short fur. ]
What is the probability that the offspring will be F  homozygous dominant
brown with long fur? G homozygous recessive
A 25% H heteroz.ygous
B 50% J codominant
C 75%
D 100% POOO
®Ee 00
2. Two guinea pigs that are heterozygous for brown 5. According to the law of independent assortment,
fur (Bb) and short fur (Ss) are crossed. What is the inheritance of alleles for one trait is not
the probability the offspring will the affected by the inheritance of alleles for a
homozygous dominant for fur color and fur different trait. In what case can there be an
length? exception to this rule?
F 12 A The genes are on transgenic chromosomes.
G 1/4 B The genes are on homozygous chromosomes.
H 1/8 C The genes are on the same chromosome.
J 1/16 D The genes are on different chromosomes.
GICACXO)
®® 00
3. When a red horse (RR) is crossed with a white 6. Two rabbits with brown eyes have one out of
horse (WW), the offspring are all roan (RW). four offspring with pink eyes. Which of the
Which if the following explains this type of following is MOST likely concerning pink eye
inheritance? color? ‘
A multiple alleles F It is recessive.
B codominance G Itis dominant.
C polygenic inheritance H It is codominant.
D incomplete dominance J Ttis sex-linked.
®eO0O OO
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Section 11 Review, continued

7. Ared-flowering plant is crossed with a white-
flowering plant, and enly pink-flowering plants
are produced. Which of the following explains
this pattern of inheritance?

A multiple alleles

B inbreeding

C incomplete dominance
D polygenic inheritance

®EeO00O

10. A mother with a blood type of A has a son with
a blood type of B. Which eof the following
CANNOT be true?

The mother is homozygous for blood type.
The mother is heterozygous for blood type.
The father is homozygous for blood type.

-« T @™

The father is heterozygous for blood type.

®O0OO

8. The table below lists the traits for hair type in
humans where allele C exhibits incomplete
dominance over allele C’.

Curly
Straight
Wavy

A person who is heterozygous for hair type will
have a phenotype of wavy hair. If one parent has
wavy hair and the other parent has curly hair,
what percentage of their children will have wavy
hair?

F 25%

G 50%

H 75%

J 100%

GICAGAO)

11. The table below lists the traits for feather color
in chickens where the alleles B and W are
codominant.

A heterozygous chicken has both black and
white feathers. If two heterozygous chickens are
crossed, what percentage of their offspring will
be all white?

A 25%
B 50%
C 75%
D 100%

®®00

9. A mother and father both have AB blood types.
What is the probability that their children will
have a blood type of A?

A 0%

B 25%
C 50%
D 75%

®eO00

12. Where are MOST sex-linked genes located?

on the X chromosome
on the dominant chromosome
on the Y chromosome

«Troem

on the autosomes

®eBO
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Section 11 Review, continued

13. A normal human female has which of the 16. Which of the following is true of linked genes?
following sex chromosomes?
F They assort independently.
A XXXY G They are never separated.
B XY H They are always recessive.
C XX J They are on the same chromosome.
D XXY
®eO00 ®OBO
14. Which is true of a normal human male? 17. Hemophilia is an example of what type of
disorder?
F He has only one sex chromosome.
G He has two X chromosomes. A disorder caused by a dominant gene
H He has one X chromosome and one B disorder inherited only from the mother
Y chromosome. C sex-linked disorder
J He has two Y chromosomes. D disorder with genes located on the Y
chromosome
GICACIO) ®e® 00
15. Red-green color blindness is a sex-linked trait. 18. Why is color blindness more common in males

Which of the following is NOT usually possible
for red-green color blindness?

A a carrier mother to pass the gene on to her
daughter

B acolor blind father to pass the gene on to his
daughter

C acolor blind father to pass the gene on to his
son

D a carrier mother to pass the gene on to her son

®e00
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than in females?

F The allele for color blindness is recessive and
located on the X chromosome.

G Color blind males have two copies of the allele
for color blindness.

H The allele for color blindness is located on the
Y chromosome.

J  Fathers pass the allele for color blindness to
their sons only.
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Section 11 Review, continued

19. Duchene muscular dystrophy is a sex-linked 20. Fragile X syndrome is a sex-linked disorder
disorder that causes muscle weakness and that can cause mental impairment. A woman
wasting. Study the table below. who is a fragile X carrier marries a normal

man. Study the Punnett Square below.

Father
X Y
normal female
carrier female Mother XX XY
affected female x| xx | xv
normal male

affected male

Which of the following is true about the
offspring of this mother and father?

A female who carries the disorder marries a
man who is normal. What percentage of their
sons will be affected by Duchene muscular
dystrophy? G Daughters and sons may both be carriers of the
disorder, and sons may also have the disorder.

F Daughters may or may not carry the disorder,
and sons may or may not have the disorder.

0,
A 0% H Daughters will always be carriers of the
B 25% disorder, and sons will always have the
C 50% disorder.
D 75% J  Daughters may or may not have the disorder,

and sons may or may not carry the disorder.

®e00 ®OOO

Use the pedigree shown below to answer questions 21 through 22.

KEY
carrier carrier
male female
L normal normal
male female

affected affected
. @ O I O3 s @
1 2 3 4

21. What type of disorder is shown in this 22. Which set of numbered individuals has the
pedigree? greatest chance of having a child that is affected

] by this genetic condition?
sex-linked

autosomal dominant
codominant

OO w >

autosomal recessive

-«xT o™ m
WD

®e00 OB
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Section 11 Review, continued

Use the pedigree shown below to answer questions 23 through 25.

Pedigree Showing Ocular Albinism

I KEY
affected male D normal male
I @ carrier female O normal female
I
23. Ocular albinism is a condition that causes 25. If individual III1 marries a normal female and
reduced pigmentation (coloration) in the eyes. has children, what percentage of his daughters
The pedigree shows that ocular albinism is will be carriers of the disease?
inherited how?
A 25%
A by a sex-linked gene on the X chromosome B 50%
B by a sex-linked gene on the Y chromosome C 75%
C by arecessive gene D 100%
D by a dominant gene

®E®O0O | ®eO00

24. For the trait shown in the pedigree, what is the
genotype of persons I1 and 112?

XAy

x* x?
X X?
AA

«T QO

®OOGO
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