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Understanding the complexities of genetic disorders can be challenging,
especially when trying to determine which illnesses are caused by mutations
in a single gene. Among the various categories of genetic diseases, single-
gene disorders stand out because they result from mutations or alterations in
a specific gene, leading to predictable inheritance patterns and clinical
features. This article explores what single-gene diseases are, provides
examples of common disorders, discusses their inheritance patterns, and
highlights key features, all structured for clarity and SEO optimization.

What Are Single-Gene Disorders?

Single-gene disorders, also known as monogenic disorders, are diseases caused
by mutations in a single gene. These mutations can be inherited or occur
spontaneously (de novo mutations). Because they involve only one gene, their
inheritance patterns tend to be straightforward, often following Mendelian
inheritance laws—autosomal dominant, autosomal recessive, or X-linked
patterns.

Key Characteristics of Single-Gene Disorders:

- Genetic basis: Caused by mutations in a single gene.

- Inheritance patterns: Can be inherited or occur de novo.

- Predictability: Often follow Mendelian inheritance, making their
transmission somewhat predictable.

- Clinical variability: Symptoms can vary widely, even within the same
family.

- Potential for genetic testing: Usually identifiable through genetic
testing, aiding in diagnosis and management.

Understanding these features helps in diagnosing, managing, and counseling
affected individuals and their families.

Common Types of Single-Gene Diseases

Numerous disorders are classified as single-gene diseases. Here are some of
the most prevalent and well-studied examples:



Autosomal Dominant Disorders

In autosomal dominant conditions, only one copy of the mutated gene from
either parent is sufficient to cause the disease.

Examples include:

1. Huntington’'s Disease

- A neurodegenerative disorder characterized by progressive motor
dysfunction, cognitive decline, and psychiatric symptoms.

- Caused by a trinucleotide repeat expansion in the HTT gene.

- Usually manifests in mid-adulthood.

2. Marfan Syndrome

- A connective tissue disorder affecting the skeleton, eyes, and
cardiovascular system.

Results from mutations in the FBN1 gene.

Features include tall stature, long limbs, and risk of aortic aneurysm.

3. Achondroplasia

The most common form of dwarfism.

Caused by a mutation in the FGFR3 gene.

Inherited in an autosomal dominant pattern but often due to de novo
mutations.

Inheritance Pattern Summary:

| Disease | Gene Affected | Key Features | Inheritance Pattern |

| Huntington’'s Disease | HTT | Neurodegeneration | Autosomal dominant |
| Marfan Syndrome | FBN1 | Connective tissue abnormalities | Autosomal
dominant |
| Achondroplasia | FGFR3 | Short stature, limb abnormalities| Autosomal
dominant |

Autosomal Recessive Disorders

In autosomal recessive conditions, two copies of the mutated gene (one from
each parent) are required for the disease to manifest.

Examples include:

1. Cystic Fibrosis

Affects the lungs, pancreas, and other organs.

Caused by mutations in the CFTR gene.

Symptoms include thick mucus production, respiratory infections, and
digestive issues.



2. Sickle Cell Disease
- Hemoglobin S mutation causes abnormal red blood cells.
- Leads to anemia, pain crises, and increased risk of stroke.

3. Tay-Sachs Disease
- A lysosomal storage disorder caused by HEXA gene mutations.
- Leads to neurodegeneration starting in infancy.

Inheritance Pattern Summary:

| Disease | Gene Affected | Key Features | Inheritance Pattern |

| Cystic Fibrosis | CFTR | Respiratory and digestive problems | Autosomal
recessive |

| Sickle Cell Disease | HBB | Abnormal hemoglobin, anemia | Autosomal
recessive |

| Tay-Sachs Disease | HEXA | Neurodegeneration, blindness, deafness |
Autosomal recessive |

X-Linked Disorders

X-linked disorders are caused by mutations in genes on the X chromosome.
These primarily affect males, as they have only one X chromosome.

Examples include:
1. Hemophilia A and B

Bleeding disorders due to deficiency of clotting factors VIII or IX.
Usually inherited from carrier mothers.

2. Duchenne Muscular Dystrophy
Progressive muscle degeneration caused by mutations in the DMD gene.
Primarily affects males.

w

. Color Blindness
Usually red-green color blindness caused by mutations in opsin genes.

Inheritance Pattern Summary:

| Disease | Gene Affected | Key Features | Inheritance Pattern |

| Hemophilia | F8, F9 | Bleeding tendency | X-linked recessive |

| Duchenne Muscular Dystrophy | DMD | Muscle weakness, degeneration | X-
linked recessive |

| Color Blindness | OPN1LW, OPN1MW | Visual color perception issues | X-
linked recessive |



Which Disorders Are Not Single-Gene Diseases?

While this article focuses on single-gene disorders, it's important to
distinguish them from:

- Polygenic Disorders: Conditions influenced by multiple genes, such as

diabetes, hypertension, and heart disease.

- Chromosomal Disorders: Caused by abnormalities in chromosome number or
structure, such as Down syndrome (trisomy 21).

- Environmental Disorders: Resulting from environmental factors, such as
certain cancers and infections.

Understanding the distinction helps in accurate diagnosis and tailoring
appropriate interventions.

Diagnosis and Genetic Testing for Single-Gene
Diseases

Diagnosis of single-gene disorders involves a combination of clinical
evaluation, family history assessment, and genetic testing.

Common Diagnostic Methods:

- Molecular genetic testing: Identifies specific gene mutations.

- Carrier screening: Detects carriers in recessive disorders.

- Prenatal testing: Includes amniocentesis and chorionic villus sampling.
- Newborn screening: Detects certain disorders early in life.

Early diagnosis allows for timely intervention, management, and genetic
counseling.

Inheritance Patterns and Genetic Counseling

Understanding inheritance patterns helps families assess risks and make
informed decisions. Genetic counseling is crucial for:

- Explaining inheritance risks.
- Discussing reproductive options.
- Managing and monitoring affected individuals.

For example, in autosomal dominant disorders, each child has a 50% chance of
inheriting the mutation if one parent is affected. In autosomal recessive
disorders, the chance is 25% if both parents are carriers.



Conclusion: Which Disorder Is a Single-Gene
Disease?

The term "single-gene disease" encompasses a wide variety of genetic
disorders caused by mutations in a single gene. Examples include Huntington’s
disease, cystic fibrosis, sickle cell disease, Marfan syndrome, and Duchenne
muscular dystrophy. These diseases follow predictable inheritance patterns,
making genetic counseling and testing integral parts of diagnosis and
management.

Recognizing single-gene disorders is essential for healthcare providers,
genetic counselors, and patients, as it enables precise diagnosis, informs
reproductive choices, and guides targeted therapies. Advances in genetic
research continue to enhance our understanding and treatment options for
these disorders, improving quality of life for affected individuals and their
families.

Key Takeaways:

- Single-gene disorders are caused by mutations in a specific gene.

- They follow Mendelian inheritance patterns: autosomal dominant, autosomal
recessive, or X-linked.

- Examples include Huntington’s disease, cystic fibrosis, sickle cell
disease, and Marfan syndrome.

- Diagnosis involves genetic testing, family history analysis, and clinical
evaluation.

- Genetic counseling plays a vital role in managing inheritance risks.

By understanding which disorders are single-gene diseases, individuals and
healthcare professionals can better navigate diagnosis, treatment, and family
planning options.

Frequently Asked Questions

What is a single-gene disorder?

A single-gene disorder is a genetic condition caused by mutations in a single
gene, which can be inherited in various patterns such as autosomal dominant,
autosomal recessive, or X-linked.

Which common disease is an example of a single-gene
disorder?

Cystic fibrosis is a well-known example of a single-gene disorder caused by



mutations in the CFTR gene.

How can single-gene disorders be inherited?

They can be inherited in autosomal dominant, autosomal recessive, or X-linked
patterns, depending on the specific gene and mutation involved.

Are all genetic disorders single-gene diseases?

No, not all genetic disorders are single-gene diseases; some are caused by
chromosomal abnormalities or complex interactions of multiple genes.

What is an example of an autosomal dominant single-
gene disorder?

Huntington's disease is an example of an autosomal dominant single-gene
disorder.

What is an example of an autosomal recessive single-
gene disorder?

Tay-Sachs disease is an example of an autosomal recessive single-gene
disorder.

Can single-gene disorders be diagnosed through
genetic testing?

Yes, genetic testing can identify mutations associated with single-gene
disorders, aiding in diagnosis and carrier screening.

Why is understanding single-gene diseases important
for genetic counseling?

Understanding single-gene diseases helps in assessing inheritance risks,
providing accurate counseling, and informing affected individuals and
families about their options.

Additional Resources

Which Disorder Is A Single-gene Disease?

Understanding genetic disorders is a crucial aspect of modern medicine and
genetics. Among these, single-gene diseases hold particular significance due
to their straightforward inheritance patterns and the clarity they provide in
genetic research. A single-gene disease is a disorder caused by mutations in
a single gene, and these mutations can be inherited in dominant, recessive,
or X-linked patterns. Identifying which disorders fall into this category not



only aids in diagnosis and treatment but also enhances our understanding of
human genetics and heredity. This article explores the concept of single-gene
diseases, highlights prominent examples, and discusses their features,
inheritance patterns, and implications.

Understanding Single-Gene Diseases

What Is a Single-Gene Disease?

A single-gene disease is a genetic disorder resulting from a mutation in a
specific gene. These mutations can alter the normal function of the gene
product—usually a protein-leading to disease. Because only one gene is
involved, the inheritance pattern and genetic transmission are typically
clearer than in complex, multifactorial diseases involving multiple genes and
environmental factors.

Features of single-gene diseases include:

- Clear inheritance patterns (dominant, recessive, or X-linked)

- Usually predictable risk in offspring based on parental genetics
- Potential for genetic testing and counseling

- Variability in severity and age of onset

Advantages of understanding single-gene diseases:
- Precise diagnosis through genetic testing

- Possibility of targeted therapies

- Carrier screening for at-risk populations

Inheritance Patterns

Single-gene diseases can follow different inheritance modes:

- Autosomal Dominant: Only one copy of the mutated gene is sufficient to
cause disease. Examples include Huntington’s disease and Marfan syndrome.

- Autosomal Recessive: Two copies of the mutated gene are necessary for
disease manifestation. Examples include cystic fibrosis and sickle cell
anemia.

- X-linked: Mutations are on the X chromosome, affecting males more severely.
Examples include hemophilia and Duchenne muscular dystrophy.

Prominent Examples of Single-Gene Diseases



Cystic Fibrosis

Cystic fibrosis (CF) is one of the most common autosomal recessive disorders,
especially among people of European descent. It results from mutations in the
CFTR gene, which encodes a chloride channel important for fluid regulation in
the lungs and other organs.

Features:

- Chronic respiratory infections
- Pancreatic insufficiency

- Salty skin and poor growth

Pros:

- Well-understood genetic basis

- Availability of genetic testing and carrier screening
- Advances in treatment improving quality of life

Cons:
- Life-limiting disease
- Requires lifelong management

Sickle Cell Anemia

Sickle cell anemia is an autosomal recessive disorder caused by a mutation in
the HBB gene, leading to abnormal hemoglobin S. This causes red blood cells
to assume a sickle shape, impairing oxygen delivery.

Features:

- Episodes of pain (vaso-occlusive crises)
- Anemia

- Increased risk of infections

Pros:

- Clear genetic marker

- Possibility of screening and prenatal testing

- Understanding of disease mechanism has led to targeted therapies

Cons:
- Chronic pain and health complications
- Reduced lifespan if untreated

Huntington’s Disease

Huntington'’s disease (HD) is an autosomal dominant neurodegenerative disorder
caused by an expansion of CAG repeats in the HTT gene. Symptoms typically
appear in middle age and include movement disorders, cognitive decline, and
psychiatric problems.

Features:



- Progressive neurodegeneration
- Inherited with high penetrance
- No current cure, only symptomatic management

Pros:

- Predictable inheritance pattern

- Ability to identify carriers before symptoms develop
- Important for family planning

Cons:
- Currently no cure
- Psychological impact of genetic testing

Marfan Syndrome

Marfan syndrome is an autosomal dominant connective tissue disorder caused by
mutations in the FBN1 gene. It affects the skeleton, eyes, and cardiovascular
system.

Features:

- Tall stature, long limbs
- Eye lens dislocation

- Aortic aneurysm risk

Pros:

- Detectable via genetic testing

- Early diagnosis can prevent catastrophic events
- Managed with regular monitoring and medical care

Cons:
- Variable expressivity
- Potential for severe cardiovascular complications

Duchenne Muscular Dystrophy

An X-linked recessive disorder caused by mutations in the DMD gene, leading
to progressive muscle weakness, primarily affecting boys.

Features:

- Onset in early childhood

- Loss of ambulation in adolescence

- Cardiac and respiratory complications

Pros:

- Clear genetic inheritance

- Genetic counseling and carrier detection possible
- Research into gene therapy ongoing

Cons:



- Progressive disability
- No curative treatment currently available

Implications of Single-Gene Diseases

Diagnosis and Genetic Testing

Early and accurate diagnosis is possible through genetic testing, which can
identify specific mutations. Techniques include:

- DNA sequencing

- PCR-based tests

- Carrier screening programs

Benefits:

- Precise diagnosis

- Informed reproductive choices

- Potential for early intervention

Limitations:
- Cost and accessibility
- Variability in mutation detection (some mutations may be undetectable)

Genetic Counseling

Genetic counseling provides families with information about inheritance
risks, implications, and reproductive options. It helps:

- Assess carrier status

- Make informed decisions about family planning

- Understand disease prognosis

Treatment and Management

While many single-gene diseases currently lack cures, management strategies
include:

- Symptomatic treatment

- Organ-specific interventions

- Emerging gene therapies and personalized medicine

Future prospects:
- Gene editing techniques like CRISPR hold promise
- Advances in molecular therapies may alter disease course



Pros and Cons of Single-Gene Diseases

Pros:

- Clear inheritance patterns facilitate genetic counseling

- Identification of carriers allows for informed reproductive choices
- Targeted diagnostic tests improve early detection

- Understanding mechanisms aids in developing specific treatments

Cons:

- Many single-gene diseases are severe or life-limiting

- No cures currently exist for some disorders

- Psychological and social implications of genetic testing

- Variable expressivity and incomplete penetrance complicate prognosis

Conclusion

Single-gene diseases provide a window into the fundamental workings of
genetics and heredity. They serve as critical models for understanding
genetic mutations, inheritance patterns, and disease mechanisms. Conditions
like cystic fibrosis, sickle cell anemia, Huntington’'s disease, Marfan
syndrome, and Duchenne muscular dystrophy exemplify the diverse
manifestations and inheritance modes of single-gene disorders. Advances in
genetic testing, counseling, and emerging therapies continue to improve
patient outcomes and deepen our understanding of these conditions. As
research progresses, the hope is that many of these diseases will become more
manageable, or even curable, transforming lives affected by these genetic
mutations.

In summary, identifying which disorders are single-gene diseases helps
clinicians, researchers, and patients better understand the inheritance,
risk, and potential treatment options. With ongoing scientific advances, the
future of managing and possibly curing these genetic conditions looks
promising, emphasizing the importance of continued research and genetic
literacy.
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