
BIOLOGY 111

 CHAPTER 5: Chromosomes and Inheritance



Chromosomes and Inheritance
Learning Outcomes

5.11  Gain an understanding of the basic elements relating to the inheritance of genetic traits

5.xx Demonstrate operational usage of essential vocabulary relating to inheritance 



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

5.11) Mendel deduced the basic principles of genetics by breeding pea plants.

CORE IDEA: An organism’s physical traits (phenotype) are caused by its genetic makeup (genotype). 

Most traits are controlled by two copies of a gene. The two copies are called alleles. The two alleles 

for a trait may be identical (homozygous) or they may be different (heterozygous).

A. Background

B. Characters and traits

C. Alleles and Dominance

D. Genotype versus phenotype



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

1. Heredity is the transmission of traits from one 

generation to the next.

2. Genetics is the scientific study of heredity and how 

genes work

3. Gregor Mendel, a 19th-century monk, worked out 

basic principles using garden peas.

✓ He did this without any knowledge of DNA, Genes or 

Meiosis



➢ What are the sets of chromosomes that come from the 

mother and father called?

➢ Homologous Chromosomes!

▪ This means we all have 2 

copies of each gene!



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

B. Traits

1.  The expression of genes generally results in what is referred to as a 

characteristic or a trait

• In diploid organisms, two genes control 

the expression of each trait.

• One gene comes from the mother, and 

the other from the father (homologous 

chromosomes)

➢ In some cases, a dominant allele can 

overpower a recessive allele



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

C. Alleles

1. Alternate forms of a particular gene are called alleles.

• Diploid organisms will have two alleles for each trait

2. Homozygous: Two alleles for a gene are identical.

a. Homozygous dominant—two dominant alleles

b. Homozygous recessive—two recessive alleles

3. Heterozygous: Two alleles for a gene are different..



Genes on Homologous Chromosomes: 

C. Alleles

• Alternate forms of a particular 

gene are called alleles.

• Because we have two alleles for 

each gene, the copies may be 

the same or different

✓ Diploid organisms with 2 

different alleles are said to 

be heterozygous.



Genes on Homologous Chromosomes: 

C. Alleles

• Alternate forms of a particular 

gene are called alleles.

• Because we have two alleles for 

each gene, the copies may be 

the same or different

✓ Diploid organisms with 2 

different alleles are said to 

be heterozygous.

✓ If the alleles are the same, 

the alleles are said to be 

homozygous. 



Genes on Homologous Chromosomes: 

C. Alleles

• Alternate forms of a particular 

gene are called alleles.

• Because we have two alleles for 

each gene, the copies may be 

the same or different

✓ If one allele overpowers 

another, it is said to be a 

dominant allele

✓ The allele that is 

overpowered is said to be 

recessive. 



Genes on Homologous Chromosomes: 

C. Alleles

• Alternate forms of a particular 

gene are called alleles.

• Because we have two alleles for 

each gene, the copies may be 

the same or different

✓ Dominant alleles are 

generally indicated by a 

capitol letter like “H” or “A”

✓ Recessive alleles are 

generally shown by a lower 

case letter like “h” or “a”



Genes on Homologous Chromosomes: 

C. Alleles

• Alternate forms of a particular 

gene are called alleles.

• Because we have two alleles for 

each gene, the copies may be 

the same or different

✓ A heterozygous individual 

would be indicated as “Hh” 

or “Aa”



Genes on Homologous Chromosomes: 

C. Alleles

• Alternate forms of a particular 

gene are called alleles.

• Because we have two alleles for 

each gene, the copies may be 

the same or different

✓ A homozygous dominant

individual would be indicated 

as “HH” or “AA”

✓ A homozygous recessive

individual would be indicated 

as “hh” or “aa”



Genes on Homologous Chromosomes: 

D. Genotype vs Phenotype

✓ Genotype is the underlying 

genetic makeup of an organism

• HH, Hh or hh

✓ Phenotype is the physical 

appearance of the organism



A Punnett square can be used to predict the results of a 

genetic cross:
Genetic cross

5.12) A Punnett square can be used to predict the results of a genetic cross.

CORE IDEA: A Punnett square can predict the offspring that result from a genetic cross. A monohybrid 

cross follows a single trait. The law of segregation states that the two alleles for a character separate 

during gamete formation and then join in the offspring. A test cross can identify an unknown genotype.

A. Genetic cross



A Punnett square can be used to predict the results of a 

genetic cross:
Genetic cross

A. Genetic cross

1. Two individuals of the P generation (parents) are crossed to produce the F1

generation (first-generation offspring).

2. It can be represented by a Punnett square.

• A Punnett square represents all the possible genotypes

for a specific mating between a male and female

• There are 2 possible alleles that come from each parent 

because each parent has homologous chromosomes

➢ In this instance, we will assume that we are following 

alleles for eye color. The letter (B) being dominant for 

brown eyes, and (b) being recessive for blue eyes
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A Punnett square can be used to predict the results of a 

genetic cross:
Genetic cross

Let’s consider the possible gametes from the male:

• In this case the male is heterozygous (Bb) and would 

have Brown eyes.
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A Punnett square can be used to predict the results of a 

genetic cross:
Genetic cross

Let’s consider the possible gametes from the male:

• In this case the male is heterozygous (Bb) and would 

have Brown eyes.

• When he produces gametes (meiosis), half would contain 

the dominant allele (B), and half would have the recessive 

allele (b)
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A Punnett square can be used to predict the results of a 

genetic cross:
Genetic cross

Let’s consider the possible gametes from the female:

• If we add back the female gamete possibilities, we can 

see all the possible genotypes for offspring
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A Punnett square can be used to predict the results of a 

genetic cross:
Genetic cross

Let’s consider the possible gametes from the female:

• If we add back the female gamete possibilities, we can 

see all the possible genotypes for offspring

• There are 4 possible genotypes for this mating

✓ 1 is homozygous dominant (Brown Eyes)

✓ 1 is homozygous recessive  (Blue Eyes)

✓ 2 are heterozygous (Brown Eyes)
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A Punnett square can be used to predict the results of a 

genetic cross:
Genetic cross

Let’s consider a different mating, with different parents:

• In this case the male is heterozygous, but the female is 

homozygous recessive

• There are 4 possible genotypes for this mating

✓ 2 are homozygous recessive (Blue Eyes)

✓ 2 are heterozygous (Brown Eyes)
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Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

3. Gregor Mendel, a 19th-century monk, worked out 

basic principles using garden peas.

a. Mendel is known as “The Father of Modern Genetics” but at 

the time, the concepts of DNA and genes were unknown.

b. Amazingly, he knew nothing of DNA, genes or meiosis!

c. Mendel’s work was exceptional, but it took over 100 years for 

other scientists to understand and appreciate his work



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

• Mendel worked with pea plants – this 

was important because they are 

normally self-fertilizing!

• Because of this, he knew precisely 

where the egg and sperm came from 

for the offspring



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

• Mendel noticed that some traits in his pea plants 

seemed to “skip generations”.

• He used plants that were “True Breeding” for specific 

traits for his experiments –

▪ True breeding plants were those that only produced 

a single characteristic type

– like plants that only produced yellow seeds, or those 

that only produced green seeds 



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

• Mendel noticed that some traits in his pea plants 

seemed to “skip generations”.

• He used plants that were “True Breeding” for specific 

traits for his experiments –

▪ True breeding plants were those that only produced 

a single characteristic type

✓ We now know that true breeding organisms are 

homozygous for a given trait (both alleles are the same, 

so it’s all the parent can pass to offspring)



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

• Mendel realized that he could create 

hybrids artificially if he pollenated the 

ovaries himself

• He transferred pollen (sperm) using a 

paintbrush



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

• He noticed that if he crossed plants that were true 

breeding for yellow seeds with those true breeding for 

green seeds…

All offspring were Yellow!

Green seeds never showed up under these 

circumstances



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

But…

• If he crossed their offspring (F1 x F1) about 25% 

would then express the trait for green seeds



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

But…

• If he crossed their offspring (F1 x F1) about 25% 

would then express the trait for green seeds



Mendel deduced the basic principles of genetics by 

breeding pea plants:
Background

A. Background

• Mendel realized that some traits seemed to be 

dominant over other traits



Pedigrees can be used to trace traits in human families:
Human genetic analysis presents a unique challenge

5.14) Pedigrees can be used to trace traits in human families.

CORE IDEA: Mendel’s principles can be applied to human characters. A carrier is a heterozygous 

individual who has a recessive allele but does not display the recessive trait. 

A. Carriers



Pedigrees can be used to trace traits in human families:
Human genetic analysis presents a unique challenge

A. Carriers

1. Most human genetic disorders are recessive.

a. For autosomal recessive traits, a person must have two of the recessive alleles to express 

the disease - homozygous recessive.

2. A heterozygous individual - one normal allele and one recessive disease 

causing allele - is said to be a carrier.

3. A carrier does not have the disease but can pass 

the disease-causing allele to his or her offspring.

• When an individual is a carrier they are heterozygous, 

having a recessive trait that is hidden, or covered up by a 

dominant allele

Sickle Cell Disease is an 

Autosomal Recessive condition



Inheritance and Chromosomes

Some inherited conditions affect males 

and females differently, with males 

showing a much higher frequency than 

females. 

• Hemophilia

• Duchene Muscular Dystrophy 

• Red-Green Colorblindness

These are known as X-Linked Recessive Disorders



X-Linked Recessive Disorders

This can occur if a recessive trait is found 

on the X chromosome

Note: All females will have two possible 

alleles and might be carriers

Note: All males only have one X 

chromosome – so if they have the recessive 

trait, there is not a dominant allele to hide it!

These are known as X-Linked Recessive Disorders



This can occur if a trait is found on the X 

chromosome

This means that a male will express an X-

linked recessive disorder if they have only a 

single recessive allele!

A female would require two recessive alleles

These are known as X-Linked Recessive Disorders

X-Linked Recessive Disorders



X-Linked Recessive Disorders

Phenotype frequency can be 

affected by gender!

Red-Green Colorblindness

Males = only one affected X 

Chromosome to express

Females = need two affected 

X Chromosomes to express



Phenotype frequency is 

affected by gender!

Red-Green Colorblindness

Males = only one affected X 

Chromosome to express

Females = need two affected 

X Chromosomes to express

X-Linked Recessive Disorders



Males do not have a 2nd X 

(homologous chromosome), 

so any recessive allele on 

their solitary X chromosome 

will be expressed.

X-Linked Recessive Disorders



Autosomal Dominant Disorders

Autosomal Dominant traits 

need only one dominant 

allele to be expressed.

Huntington Disease:

Only one parent needs to 

pass the dominant allele to 

their offspring



Autosomal Dominant Disorders

Huntington Disease:

• Neurodegenerative disease 

(destroys nervous system)

✓ Caused by a mutation in the HTT 

gene on chromosome #4

✓ Results in psychiatric and cognitive 

problems

✓ Leads to dementia loss of motor 

control – generally fatal 



Autosomal Recessive Disorders

Autosomal Recessive traits need 

to be homozygous recessive to be 

expressed.

Sickle Cell Anemia:

Sickle cell anemia is the most 

common inherited blood disorder in 

the United States.

It affects 70,000 to 80,000 

Americans, 1 in 500 for those of 

African American descent



Autosomal Recessive Disorders

Autosomal Recessive traits need 

to be homozygous recessive to be 

expressed.

Sickle Cell Anemia:

Both parents need to pass the 

recessive allele to their offspring.



Autosomal Recessive Disorders

Autosomal Recessive traits need 

to be homozygous recessive to be 

expressed.

This also means that autosomal 

recessive disorders can also remain 

‘hidden’ if masked by a dominant trait

Someone who has a ‘hidden’ 

recessive trait is known as a 

carrier of the disorder



Autosomal Recessive Disorders

Sickle Cell Anemia:

• A mutation in Hemoglobin

causes Red Blood Cells take 

on a sickle shape which causes 

arterial blockages



Autosomal Recessive Disorders

Sickle Cell Anemia:

• A mutation in Hemoglobin

causes Red Blood Cells take 

on a sickle shape which causes 

arterial blockages

• Causes swelling and pain in 

hands and feet – attacks organs

• Hemoglobin is abnormal, causing 

anemia



Autosomal Recessive Disorders

Sickle Cell Anemia:

• Condition tends to persist in the 

population of South Africa

• Why would a deadly genetic 

disorder be sustained in a 

specific (non-random) 

population?



Autosomal Recessive Disorders

Sickle Cell Anemia:

• Condition tends to persist in the 

population of South Africa

• Why would a deadly genetic 

disorder be sustained in a 

specific (non-random) 

population?



Autosomal Recessive Disorders

Sickle Cell Anemia:

• The answer appears to be that 

there is a distinct selective 

advantage to being a Carrier of 

the Sickle Cell trait.

sometimes 10-40% 
of the population 
carries this mutation



Autosomal Recessive Disorders

Sickle Cell Anemia:

• The answer appears to be that 

there is a distinct selective 

advantage to being a Carrier of 

the Sickle Cell trait.

• There is strong selective 

pressure to carry the trait in 

regions with Malaria



Autosomal Recessive Disorders

Sickle Cell Anemia:

• Malaria is transferred by the 

female Anopheles mosquito.

• Sickle Hemoglobin makes the 

host tolerant to the parasite, 

and they will not show 

symptoms of malaria.

Autosomal Recessive Disorders



Autosomal Recessive Disorders

Sickle Cell Anemia:

• Carriers of the Sickle-cell trait 

are protected from Malaria.

• But… homozygous recessive 

individuals will have Sickle-cell 

Anemia
(These individuals are also 

protected from malaria)



Autosomal Recessive Disorders

Sickle Cell Anemia:

• The answer appears to be that 

there is a distinct selective 

advantage to being a Carrier of 

the Sickle Cell trait.

• There is strong selective 

pressure to carry the trait in 

regions with Malaria



The inheritance of many traits is more complex than 

Mendel’s laws:
Some traits do not follow Mendelian Inheritance

5.15) The inheritance of many traits is more complex than Mendel’s laws.

CORE IDEA: Classical Mendelian genetics describes the inheritance of many characters, but others 

require extension to the simple rules. Examples of complications include incomplete dominance, 

multiple alleles, pleiotropy, polygenic inheritance, and environmental influences.

A. Although many traits follow the simple pattern of Mendelian inheritance, others do not.

B. Incomplete dominance and Codominance



The inheritance of many traits is more complex than 

Mendel’s laws:
Some traits do not follow Mendelian Inheritance

A. Although many traits follow the simple pattern of Mendelian inheritance, others do 

not.

• Genetic traits that follow traditional dominance and recessive rules are 

referred to as Complete Dominance

• There are some traits that do not follow these rules



Incomplete Dominance and Codominance

Mendel’s discoveries also had some variation.

Sometimes, a heterozygote (Xx) phenotype would 

be intermediate (a blend) between the two alleles. 

This is called Incomplete Dominance.

Incomplete dominance is when two alleles blend 

together to express a 3rd phenotype

Neither allele is dominant to the other



Incomplete Dominance and Codominance

Mendel’s discoveries also had some 

variation.

Sometimes both alleles are expressed 

independently – each having it’s own specific 

characteristic. This is called Codominance.

An example is how human blood types are 

expressed.

In this case, if you are heterozygous 

(having two different alleles) 

Both will be expressed equally!


