
Objectives 

41 Identify five factors that 
influence patterns of 
heredity. 0 eD TAKS 2 

Describe how 
mutations can cause 
genetic disorders. Q sc TAKS. 

List two genetic disorders, 
and describe their causes 
and symptoms. D sc TAKs2 

Evaluate the benefits 
of genetic counseling. C sc 

TAKS 2 

Key Terms 

polygenic trait 
incomplete dominance 
multiple alleles 
codominance 

Figure 14 Multiple alleles control the ABO blood groups 

Figure 13 Polygenic traits. Many traits—
height, weight, hair color, and skin color ,are 
traits that are influenced by many genes. 
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Different combinations of the three alleles IA, Ie, and i result in four different blood 
phenotypes, A, AB, B; and O. For example, a person with the alleles IA and i 
would have blood type A. 

Complex Patterns 
of Heredity 

Complex Control of Traits 
A horse with red hair mates with a horse with white hair, and their 
offspring has both red and white hair. How can this be? If traits are 

controlled by single genes with simple dominant and recessive 
alleles, the colt's hair should be one color or the other. Not always! 
Most of the time, traits, such as hair color in horses, display more-
complex patterns of heredity than the simple dominant-recessive 
patterns discussed so far. 

Traits Influenced by Several Genes 
When several genes influence a trait, the trait is said to be a 
polygenic trait. The genes for a polygenic trait may be scattered 
along the same chromosome or located on different chromosomes. 
Determining the effect of any one of these genes is difficult. Due to 
independent assoi- 	Luient and crossing-over during meiosis, many 
different combinations appear in offspring. Familiar examples of 
polygenic traits in humans include eye color, height, weight, and 
hair and skin color. All of these characteristics have degrees of 
intermediate conditions between one extreme and the other, as 
shown in Figure 13. 

Traits Controlled by Genes with Three 
or More Alleles 
Genes with three or more alleles are said to have multiple 
alleles. For example, in the human population, the ABO blood 
groups (blood types) are determined by three alleles, IA, IB, and 
i. The letters A and B refer to two carbohydrates on the surface 
of red blood cells. In the i allele, neither carbohydrate is present. 
The IA and IB alleles are both dominant over i. But neither IA nor 
IB is dominant over the other. When IA and IB are both present 
they are codominant. Even for traits controlled by genes with 
multiple alleles, an individual can have only two of the possible 
alleles for that gene. Figure 14 shows how combinations of the 
three different alleles can produce four different blood types—A, 
B, AB, and O. Notice that a person who inherits two i alleles has 
type O blood. 

Traits with Two Forms Displayed 
at the Same Time 
For some traits, two dominant alleles are expressed at the same 
time. In this case, both forms of the trait are displayed, a phe-
nomenon called codominance. Codominance is different from 
incomplete dominance because both traits are displayed. 

The situation of human ABO blood groups, as discussed 
above, is an example of co-dominance. The genotype of a person 
who has blood type AB is IAIB, and neither allele is dominant 
over the other. Type AB blood cells carry both A- and B-types of 
carbohydrate molecules on their surfaces. 

Intermediate Traits 
Recall that in Mendel's pea-plant crosses, one 
allele was completely dominant over another. 
In some organisms, however, an individual 
displays a trait that is intermediate between 
the two parents, a condition known as 
incomplete dominance. For example, when a 
snapdragon with red flowers is crossed with a 
snapdragon with white flowers, a snapdragon 
with pink flowers is produced. Neither the 
red nor the white allele is completely domi-
nant over the other allele. The flowers appear 
pink because they have less red pigment than 
the red flowers. In Caucasians, the child of a 
straight-haired parent and a curly-haired par-
ent will have wavy hair. Straight and curly 
hair are homozygous dominant traits. Wavy 
hair is heterozygous and is intermediate 
between straight and curly hair. 



Figure 15 Environmental 
influences on flower color. 
Hydrangea with the same 
genotype for flower color 
express different phenotypes 
depending on the acidity of 
the soil. 

Figure 17 Sickle cell. One 
out of 500 African Americans 
has sickle cell anemia, which 
Is caused by a gene mutation 
that produces a defective form 
of hemoglobin. 

Magnification: 13,6003 x 

Traits Influenced by the Environment 
An individual's phenotype often depends on condi-
tions in the environment. In plants, hydrangea (hie 
DRAYN juh) flowers of the same genetic variety 
range in color from blue to pink, as shown in 
Figure 15. Hydrangea plants in acidic soil bloom 
blue flowers, while those in neutral to basic soil will 
bloom pink  flowers. 

The color of the arctic fox is affected by tempera-
ture. During summer, the fox produces enzymes that 
make pigments. These• pigments darken the fox's coat 
to a reddish brown, as shown in Figure 16, enabling 
the fox to blend in with the summer landscape. 
During the winter, the pigment-producing genes of 
the arctic fox do not function because of the cold tem-
perature. As a result, the coat of the fox is white, and 
the animal blends in with the snowy background. 

Fur color in Siamese cats is also influenced by temperature. In a 
Siamese cat, the fur on its ears, nose, paws, and tail is darker than 
on the rest of its body. The Siamese cat has a genotype that results 
in dark fur at locations on its body that are cooler than the normal 
body temperature. Thus, the darkened parts have a lower body tem-
perature than the light parts. 

In humans many traits, such as height, are influenced by the envi-
ronment. For example, height is influenced by nutrition, an internal 
environmental condition. Exposure to the sun, an external environ-
mental condition, alters the color of the skin. Many aspects of human 
personality, such as aggressive behavior, are strongly influenced by 
the environment, although genes appear to play an important role. 
Because identical twins have identical genes, they are often used to 
study environmental influences. Because identical twins are geneti-
cally identical, any rlifferences between them are attributed to 
environmental influences. 

Figure 16 Environmental influences on fur color 

Can the same species of fox look so different? Many arctic mammals, such as 
the arctic fox, develop white fur during the winter and dark fur during the summer. 
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Genetic Disorders 
In order for a person to develop and function normally, the proteins 
encoded by his or her genes must function precisely. Unfortunately, 
sometimes genes are damaged or are copied incorrectly, resulting 
in faulty proteins. Changes in genetic material are called mutations. 
Mutations are rare because cells have efficient systems for correct-
ing errors. But mutations sometimes occur, and they may have 
harmful effects. 1 

The harmful effects produced by inherited mutations are called 
genetic disorders. Many mutations are carried by recessive alleles 
in heterozygous individuals. This means that two phenotypically 
normal people who are heterozygous carriers of a recessive muta-
tion can produce children who are homozygous for the recessive 
allele. In such cases, the effects of the mutated allele cannot 
be avoided. Several human genetic disorders are summarized in 
Table 2. 1  

Sickle Cell Anemia 
An example of a recessive genetic disorder is sickle cell anemia, a 
condition caused by a mutated allele that produces a defective 
form of the protein hemoglobin. Hemoglobin is found within red 
blood cells, where it binds oxygen and transports it through the 
body. In sickle cell anemia, the defective form of hemoglobin 
causes many red blood cells to bend into a sickle shape, as seen in 
Figure 17. The sickle-shaped cells rupture easily, resulting in less 
oxygen being carried by the blood. Sickle-shaped cells also tend 
to get stuck in blood vessels; this can cut off blood supply to 
an organ. 

The recessive allele that causes sickle-shaped red blood 
cells also helps protect the cells of heterozygous individuals 
from the effects of malaria. Malaria is a disease caused by 
a parasitic protozoan that.invades red blood cells. The sick-
led red blood cells of heterozygous individuals cause the 
death of the parasite. But the individual's normal red blood 
cells can still transport enough oxygen. Therefore, these 
people are protected from the effects of malaria that 
threaten individuals who are homozygous dominant for the 
hemoglobin gene. 

Cystic Fibrosis (CF) 
Cystic fibrosis, a fatal recessive trait, is the most common 
fatal hereditary disorder among Caucasians. One in 25 Cau-
casian individuals has at least one copy of a defective gene 
that makes a protein necessary to pump chloride into and out 
of cells. About 1 in 2,500 Caucasian infants in the United 
States is homozygous for the cf allele. The airways of the 
lungs become clogged with thick mucus,. and the ducts of the 
liver and pancreas become blocked. While treatments can 
relieve some of the symptoms, there is no known cure. 



Treating ,Genetic Disorders 
Most genetic disorders cannot be cured, although progress is being 
made. A person with a family history of genetic disorders may wish 
to undergo genetic counseling before becoming a parent. Genetic 
counseling is a form of medical guidance that informs people about 
genetic problems that could affect them or their offspring. 

In some cases, a genetic disorder can be treated if it is diagnosed 
early enough. For example, an individual with the genetic disorder 
phenylketonuria (PKU) lacks an enzyme that converts the amino 
acid phenylalanine into the amino acid tyrosine. As a result, pheny-
lalanine builds up in the body and causes severe mental retardation. 
If PKU is diagnosed soon afterbirth, however, the newborn can 
be placed on a low-phenylalanine diet. Because this disorder can be 
easily diagnosed by inexpensive laboratory tests, many states require 
PKU testing of all newborns. 

Gene Therapy 
Gene technology may soon allow scientists to correct certain recessive 
genetic disorders by replacing.defective genes with copies of healthy 
ones, an approach called gene therapy. The essential first step in gene 
therapy is to isolate a copy of the gene. The defective cf gene was iso-
lated in 1989. In 1990, a working cf gene was successfully transferred 
into human lung cells growing in tissue culture by attaching the cf 
gene to the DNA of a cold virus. The cold virus—carrying the normal 
cf gene piggyback—easily infects lung Cells. The cf gene enters the lung 
cells and begins producing functional CF protein. Thus, the defective 
cells are "cured" and are able to transport chloride ions across their 
plasma membranes. 

Similar attempts in humans, however, were not successful. Most 
people have had colds and, as a consequence, have built up a natural 
immunity to the cold virus. Their lungs therefore reject the cold virus 
and its of passenger. In the last few years, similar attempts using a 
different virus to transport the cf gene into lung cells have been ini-
tiated. This virus, called AAV, produces almost no immune response 
and so seems a much more suitable vehicle for introducing cf into 
cells. Clinical trials are underway, and the outlook is promising. 

 

Section 4 Review 

 

Differentiate between incomplete dominance 
and codominance. 'p sD 

Identify two examples of traits that are 
influenced by environmental conditions. 

Summarize how a genetic disorder can result 
from a mutation. 'E? eC 6D 

Describe how males inherit hemophilia. ~10. ec eD 

Critical Thinking Justifying Conclusions 
A nurse states that a person cannot have the blood 
type ABO. Do you agree or disagree? Explain. p eD 

Q TAKS Test  Prep) The mutated allele that causes 
Huntington's disease is ~O ec 

A sex-linked and 	C autosomal and 
recessive. 	 recessive. 

B sex-linked and 	D autosomal and 
dominant. 	 dominant. 

Hemophilia 
Another recessive genetic disorder is hemophilia (hee moh FIHL 
ee uh), a condition that impairs the blood's ability to clot. 
Hemophilia is a sex-linked trait. More,than a dozen genes code for 
the proteins involved in blood clotting. A mutation on one of these 
genes on the X chromosome causes the form of hemophilia called 
hemophilia A. If the mutation appears on the X chromosome, 
which a male receives from his mother, he does not have a normal 
gene on the Y chromosome to compensate. Therefore, he will 
develop hemophilia. 

Huntington's Disease- (HID) . 
Huntington's disease is a genetic disorder caused by a dominant 
allele located on an autosome. The first symptoms of HD—mild 
forgetfulness and irritability—appear in victims in their thirties or 
forties. In time, HD causes loss of muscle control, uncontrollable 
physical spasms, severe mental illness, and eventually death. 
Unfortunately, most people who have the HD allele do not know -
they have the disease until after they have had children. Thus, the 
disease is unknowingly passed on from one generation to the next. 

Table 2;  Some Human Genetic, Disorders 

Disorder Dominant or 
Recessive 

Symptom Defect Frequency Among 
Human Births 

Sickle Cell 
Anemia 

Recessive Poor blood circulation Abnormal hemoglobin 
molecules 

1:500 
(African Americans) 

Hypercholes- 
terolemia 

Dominant Excessive cholesterol 
levels in blood, leading 
to heart disease 

Abnormal form of cell 
surface receptor for 
cholesterol 

1:500 

Tay-Sachs 
Disease 

Recessive 
in early childhood _ 

Deterioration of central 
nervous system; death 
in early childhood 

Defective form of a 
brain enzyme 

1:3,500 
(Ashkenazi Jews) 

Cystic 
Fibrosis  

Recessive 

=}'^' 
{hỳ,'"'" 

Mucus clogs organs 
including the lungs, 
liver, and pancreas; 
affected individuals 
usually do not 
survive to adulthood 

Defective chloride-ion 
transport protein 

1:2,500 
(Caucasians) 

Hemophilia A 
(Classical) 

Sex-linked 
recessive 

FAlure of blood 
to clot 

Defective form of a 
blood-clotting factor 

1:10,000 
(males) 

Huntington's 
Disease 

Dominant 	rrt,, 
"l. 

Gradual deterioration 
of brain tissue in middle 
age; shortened life 
expectancy 

Inhibitor of brain-cell 
metabolism is made 

1:10,000 



Name 	  Class 	  Date 	  

Skills Worksheet 

Directed Reading 

Section: Complex Patterns of Heredity 
In the space provided, explain how the terms in each pair differ in meaning. 
1. polygenic trait, multiple alleles 

2. incomplete dominance, codominance 

Complete each statement by writing the correct term or phrase in the space provided. 

3. Sometimes genes are damaged or are copied incorrectly, resulting in faulty . 

4. 	 is a genetic disorder 
caused by a defective gene that makes a protein necessary to pump chloride 
in and out of cells. 

Read each question, and write your answer in the space provided. 

5. Who should go for genetic counseling prior to having children? 

6. What is gene therapy? 
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Skills Worksheet 

Active Reading 

Section: Complex Patterns of Heredity - 
Read the passage below. Then answer the questions that follow. 

Genes with three or more.alleles are said to have multiple alle-
les. When traits are controlled by genes with multiple alleles, an 
individual can have only two of the possible alleles for that gene. 
For example, in the human population, the ABO blood groups . . 

.'(blood types) are determined by three alleles, IA,. 1B, and i. The 
letters A and B refer to two carbohydrates on the surface of red 
blood cells. The i allele means that neither carbohydrate is present. 
The IA and IB alleles are both dominant over i, which is recessive. 
But neither IA nor IB is dominant over the other. When IA and IB 
are both present in the genotype, they are codominant. 

SKILL: READING EFFECTIVELY 

Read each question, and.write your answer in the space provided. 

1. What information does the first sentence convey to the reader? . 

2. Why does the term blood types appear in parentheses in the third sentence of 
this passage? 

3. What do the letters A and B refer to in the alleles IA and IB ? 

4. What allele is dominant for human blood type? What allele is recessive for 
this trait? 

5. What causes an individual to show both the IA and IB forms of the trait for 
human blood type?.  
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