
Concept 14.4: Many human traits follow 

Mendelian patterns of inheritance

• Humans are not good subjects for genetic 

research 

– Generation time is too long

– Parents produce relatively few offspring

– Breeding experiments are unacceptable

• However, basic Mendelian genetics endures 

as the foundation of human genetics
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Pedigree Analysis

• A pedigree is a family tree that describes the 

interrelationships of parents and children 

across generations

• Inheritance patterns of particular traits can be 

traced and described using pedigrees
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• Pedigrees can also be used to make 

predictions about future offspring

• We can use the multiplication and addition 

rules to predict the probability of specific 

phenotypes
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Sample Pedigree



IMPORTANT TERMS

locus codominant compound heterozygote

allele dominant carrier (obligate heterozygote) 

genotype recessive genetic heterogeneity

phenotype homozygous pleiotropy

autosomal heterozygous age of onset 

X-linked hemizygous sex-limited

penetrance expressivity sex-influenced

pedigree proband imprinting

trinucleotide repeat



A pedigree is a concise summary of the medical family 

history; it is the symbolic language of clinical genetics and 

human genetics research. 

• It is an easy, fast, and efficient means of recording a wealth of 

information about the family. 

• Standardization of symbols is essential to facilitate 

communication - See Robin Bennett’s article referenced in 

resources at the end of the syllabus for more details if 

interested.

• Nomenclature is an evolving process. 

• Several ethical and legal dilemmas - Potential for 

discrimination, issues of privacy raised, and need for 

guidelines. 





Designation of generations and 

individuals

1. Each horizontal line is a generation

2. Place the oldest generation at the top 

3. Use Roman numerals to identify generations 

4. Use Arabic numbers to identify individuals within a generation 

5. List siblings from oldest to youngest, from left to right

6. Male partner is usually placed to the left of the female partner

7. Record full name, current age and date of birth, or age at death for  each 

individual 

8. Record race and ethnic origin of each individual

9. Note health problems and/or cause of death for each individual

10.There are appropriate symbols to use for both adoption and assisted-

reproductive technologies



• The proband is an affected individual coming to 

medical attention independently of other

• family members. The proband is designated 

with an arrow in the pedigree, and there may be 

more than one proband per family.



Medical status and results of genetic 

evaluation/testing of family members

1. Shading or fill (hatches, dots, etc.) is used to 

denote medical status or symptoms of 

individuals.  A key/legend is used to define 

meaning

2. Results of an evaluation (E) are recorded below 

the symbol and a key/legend 

defines the notations.  Currently this is the least 

standardized pedigree 

nomenclature







The Gene is the Unit of Inheritance

The location of a gene on a chromosome is its locus.

Alternative forms of a gene at a particular locus are 

referred to as alleles.

An individual’s genotype (genetic composition) at a 

particular locus is defined by the nature of the alleles at that 

locus

If both alleles are identical, then the individual is 

homozygous at the locus. Homozygosity may refer to the 

presence of two normal or two mutant alleles.

If the alleles differ, then the individual is heterozygous at the 

locus. If two different mutant alleles are present, then the 

individual is a compound heterozygote.



A   A               A    a              a    a              a1   a2

homozygote     heterozygote      homozygote         compound

A allele                                        a allele             heterozygote



The genotype at a particular locus and the environment 

in which it is expressed determines the phenotype or 

observed characteristics of an individual.

Traits that are determined by loci on one of the 22 

autosomes are autosomal. Traits determined by loci 

on the X chromosome are X-linked, and those 

determined by loci on the Y chromosome are Y-

linked.



Gregor Mendel’s Laws of 

Inheritance

– Law of Unit Inheritance - parental characteristics do 

not blend because there is a unit of inheritance. 

Mendel’s “units” are now known as genes or alleles.

– Law of Segregation - the two alleles at a particular 

locus segregate into different gametes.

– Law of Independent Assortment - alleles at different 

loci are transmitted independently of each other. 

Linkage is an exception to this rule.



Dominant and Recessive Inheritance

– Nomenclature: For dominant traits the capital letter (e.g. A) represents 

the mutant allele and the small letter (e.g. a) represents the normal 

allele. For recessive traits, the small letter (e.g. a) represents the mutant 

allele and the capital letter (e.g. A) represents the normal allele.

– Autosomal dominant traits are those traits in which the phenotype of 

the heterozygote and the homozygote for the dominant allele are the 

same, i.e., Aa and AA have the same phenotype where A=dominant 

allele. These traits are expressed when only one copy of the dominant 

allele is present. In practice, if the heterozygote expresses the trait, then 

the trait is classified as dominant, even if the phenotype of the 

homozygote (AA) and heterozygote (Aa) are different.

– Autosomal recessive traits are those traits in which the phenotype is 

expressed only if homozygous for the recessive allele, i.e., aa where 

a=recessive allele. Two copies of the recessive allele are necessary for 

expression.



Dominant and Recessive Inheritance

– If the heterozygote (AB) has a different phenotype than either of the 

homozygotes (AA or BB), then the alleles are said to be codominant.

– X-linked dominant traits are those expressed when either males or 

females have one copy of the dominant allele, i.e., XAY or XAXa where 

A=dominant allele.

– X-linked recessive traits are those expressed in males who carry one 

copy of the recessive allele (i.e., are hemizygous, XaY where 

a=recessive allele). Two copies of the recessive allele are generally 

required for females to express the trait, i.e., XaXa.



Types of Genetic Disease

• Chromosomal

• Single gene (Mendelian)

• Multifactorial

• Teratogenic



Examples and Features of 

Autosomal Dominant Inheritance

Unaffecte

d

individual

a a

Affected

individual

A a

A=mutant allele

a=normal allele



Examples

• familial hypercholesterolemia

• Huntington disease

• neurofibromatosis type I (NF1)

• myotonic dystrophy

• Marfan syndrome

• achondroplasia 





Dominantly Inherited Disorders

• Some human disorders are 

caused by dominant alleles

• Dominant alleles that cause a 

lethal disease are rare and 

arise by mutation

• Achondroplasia is a form of 

dwarfism caused by a rare 

dominant allele

© 2011 Pearson Education, Inc.



Figure 14.17
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From www.hopkinsmedicine.org                    From www.sciencemuseum.org.uk   

Achondroplasia  



Neurofibromatosis Type 1  



Neurofibromatosis Type 1  



Neurofibromatosis Type 1  



Features of Autosomal Dominant 

Inheritance
1. Vertical transmission – direct transmission from 

grandparent to parent to child without skipping 
generations

2. Both sexes affected in 1:1 ratio

3. Both sexes may transmit the trait

4. Heterozygotes much more common than homozygotes

5. May see variable expressivity and variable age of onset

6. Homozygotes usually more seriously affected than 
heterozygotes

7. May be due to new mutation

8. Gene product is usually a structural (non-enzymatic) 
protein



Autosomal Dominant Pedigree





Transmission probabilities and the 

use of the Punnett square

1. If one parent has the disorder (assumed to be Aa) and the 

other does not (aa) then there is a 50% chance that the 

child will inherit the disorder and a 50% chance that they 

will not.

2. If both parents have the disorder (assumed to be Aa x Aa) 

then there is a 75% chance that their children will inherit the 

disorder, and a 25% chance that they will not. 



Examples and Features of Autosomal 

Recessive Inheritance



Recessively Inherited Disorders

• Many genetic disorders are inherited in a 

recessive manner

• These range from relatively mild to life-

threatening
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Examples

• cystic fibrosis

• sickle cell anemia

• Tay-Sachs disease

• Phenylketonuria

• most inborn errors of metabolism



The Behavior of Recessive Alleles

• Recessively inherited disorders show up only in 

individuals homozygous for the allele

• Carriers are heterozygous individuals who 

carry the recessive allele but are phenotypically 

normal; most individuals with recessive 

disorders are born to carrier parents

• Albinism is a recessive condition characterized 

by a lack of pigmentation in skin and hair and 

eyes
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Cystic Fibrosis

• Cystic fibrosis is the most common lethal 

genetic disease in the United States, striking 

one out of every 2,500 people of European 

descent 

• The cystic fibrosis allele results in defective or 

absent chloride transport channels in plasma 

membranes leading to a buildup of chloride 

ions outside the cell

• Symptoms include mucus buildup in some 

internal organs and abnormal absorption of 

nutrients in the small intestine
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Photos from 

www.cff.org

Cystic fibrosis (CF)  





Figure 14.16

Parents

Normal
Aa

Sperm

Eggs

Normal
Aa

AA
Normal

Aa
Normal
(carrier)

Aa
Normal
(carrier)

aa
Albino

A

A

a

a



• If a recessive allele that causes a disease is 

rare, then the chance of two carriers meeting 

and mating is low

• Consanguineous matings (i.e., matings 

between close relatives) increase the chance 

of mating between two carriers of the same 

rare allele 

• Most societies and cultures have laws or 

taboos against marriages between close 

relatives
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Sickle-Cell Disease: A Genetic Disorder with 

Evolutionary Implications

• Sickle-cell disease affects one out of 400 

African-Americans

• The disease is caused by the substitution of a 

single amino acid in the hemoglobin protein in 

red blood cells

• In homozygous individuals, all hemoglobin is 

abnormal (sickle-cell)

• Symptoms include physical weakness, pain, 

organ damage, and even paralysis
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Fig. 14-UN1
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• Heterozygotes (said to have sickle-cell trait) are 

usually healthy but may suffer some symptoms

• About one out of ten African Americans has 

sickle cell trait, an unusually high frequency of 

an allele with detrimental effects in 

homozygotes

• Heterozygotes are less susceptible to the 

malaria parasite, so there is an advantage to 

being heterozygous



Sickle Cell Anemia  







Carrier, unaffected

A a

Autosomal Recessive

A=normal allele

a=mutant allele

Affected

a a

Unaffected, not a carrier

A A



Autosomal Recessive Pedigree



Autosomal Recessive Pedigree



Features of Autosomal Recessive 

Inheritance

1. Horizontal transmission – affected 

individuals usually within the same 

sibship or generation

2. Both sexes affected in 1:1 ratio

3. Both sexes may equally transmit the 

mutant allele

4. May observe consanguinity

5. Gene product is usually an enzymatic 

protein



Transmission probabilities and 

use of the Punnett square

If both parents are carriers (Aa x Aa) then there is 
25% chance that the child will have the disorder (aa) 

50% chance that the child will be a carrier (Aa), and 

25% chance that the child will be neither affected nor a 

carrier (AA). 

Thus the chance that an unaffected child of carrier 

parents is also a carrier is two in three.



Affected homozygotes are commonly the offspring of two 

heterozygote carriers.


