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Which One Of The Following Statements Best Describes The Evidence That Suggests That Down
Syndrome Is a genetic condition resulting from an abnormality in chromosome number or structure. Over
the years, extensive scientific research and clinical observations have provided compelling evidence to
understand the genetic basis of Down syndrome, also known as trisomy 21. This article explores the key
findings, genetic mechanisms, diagnostic methods, and implications of the evidence that support the
understanding of Down syndrome as a chromosomal disorder. By examining the scientific studies and
technological advancements, we can gain a comprehensive understanding of what the evidence tells us

about this condition.

Understanding Down Syndrome: An Overview

Down syndrome is a genetic disorder characterized by the presence of an extra copy of chromosome 21. It
is one of the most common chromosomal abnormalities and has a broad spectrum of physical and intellectual
characteristics. The condition affects approximately 1 in 700 to 1,000 live births worldwide, highlighting its

significance in genetic research and public health.

The Genetic Basis of Down Syndrome

The core evidence indicating that Down syndrome is a genetic condition stems from cytogenetic studies
that reveal chromosomal anomalies. These anomalies involve the structure and number of chromosomes,

primarily focusing on chromosome 21.

Chromosomal Aberrations and Trisomy 21

The most well-documented genetic cause of Down syndrome is trisomy 21, which accounts for about 95%
of cases. In trisomy 21, individuals have three copies of chromosome 21 instead of the usual two. This extra

genetic material disrupts normal development, leading to the characteristic features of Down syndrome.

Key points:

- Non-disjunction event: During meiosis, the process of forming egg or sperm cells, chromosomes
sometimes fail to separate properly—a phenomenon called non-disjunction.

- Result in trisomy: When non-disjunction occurs in chromosome 21, the resulting embryo has three copies

of this chromosome.



- Confirmation through karyotyping: Laboratory techniques such as G-banding karyotyping visually

confirm the presence of an extra chromosome 21.

Other Chromosomal Variants

‘While trisomy 21 is the most common, other chromosomal abnormalities also contribute to Down
syndrome:

- Translocation Down syndrome: Around 4% of cases involve a Robertsonian translocation, where a part of
chromosome 21 attaches to another chromosome, often chromosome 14.

- Mosaic Down syndrome: A rare form where some cells have the usual two copies of chromosome 21,

while others have three. This mosaicism results from post-zygotic non-disjunction events.

Scientific Evidence Supporting the Chromosomal Theory

The genetic foundation of Down syndrome has been robustly supported by decades of research, including

cytogenetic analyses, molecular genetics, and advanced genomic technologies.

Historical Discoveries

- Identification of the extra chromosome: In 1959, Jérome Lejeune and colleagues first described the
chromosomal abnormality associated with Down syndrome, establishing the link between trisomy 21 and
the condition.

- Karyotype analysis: The development of chromosomal staining techniques allowed scientists to visualize

and count chromosomes, confirming the presence of an extra chromosome in affected individuals.

Modern Molecular Techniques

Advances in molecular genetics have solidified the evidence:
- Fluorescence in situ hybridization (FISH): Enables precise identification of chromosome 21 abnormalities.
- Comparative genomic hybridization (CGH): Detects duplications or deletions in chromosome segments.

- Whole-genome sequencing: Offers comprehensive insights into chromosomal structures and anomalies.

Diagnostic Methods Confirming the Genetic Cause

The evidence for the genetic basis of Down syndrome is reinforced by diagnostic procedures performed

prenatally and postnatally.



Prenatal Diagnostic Tests

- Chorionic Villus Sampling (CVS): Detects chromosomal abnormalities in early pregnancy.
- Amniocentesis: Analyzes fetal DNA obtained from amniotic fluid.
- Non-invasive prenatal testing (NIPT): Uses maternal blood samples to screen for trisomy 21 with high

accuracy.

Postnatal Diagnostic Tests

- Karyotyping: Confirms the presence of an extra chromosome.
- FISH analysis: Detects specific chromosomal anomalies rapidly.

- Molecular assays: Identify translocations and mosaicism.

Implications of the Evidence

The extensive evidence linking Down syndrome to chromosomal abnormalities has significant implications

for diagnosis, counseling, and management.

Genetic Counseling

- Understanding the genetic origin helps inform families about recurrence risks.

- For translocation cases, specific genetic counseling is essential due to differing inheritance patterns.

Research and Potential Therapies

- Knowledge of the genetic basis supports research into targeted therapies that might mitigate some
developmental challenges.
- Ongoing studies explore gene expression patterns and how extra genetic material influences biological

pathways.

Conclusion: Summarizing the Evidence

The strongest and most conclusive evidence suggests that Down syndrome is primarily caused by an extra
copy of chromosome 21, resulting from nondisjunction events during gamete formation. Cytogenetic
studies, molecular genetics, and advanced genomic technologies all consistently confirm this chromosomal
abnormality as the root cause of the syndrome. The identification of trisomy 21 and other chromosomal
variants through various diagnostic methods has solidified our understanding of Down syndrome as a
genetic disorder. This knowledge not only aids in accurate diagnosis and genetic counseling but also paves

the way for future research aimed at improving outcomes for individuals with Down syndrome.



In summary, the evidence overwhelmingly supports the statement that Down syndrome is a chromosomal
disorder characterized by trisomy 21 or related structural abnormalities. Continued research and
technological advancements promise to deepen our understanding and enhance support for affected

individuals and their families.

Frequently Asked Questions

What genetic evidence supports the diagnosis of Down syndrome?

The presence of an extra copy of chromosome 21 (trisomy 21) is the primary genetic evidence supporting

Down syndrome diagnosis, typically identified through karyotyping or chromosomal microarray analysis.

How do characteristic physical features serve as evidence for Down

syndrome?

Distinct physical features such as a flattened facial profile, upward-slanting eyes, and a single palmar crease

are common indicators that support the diagnosis, reflecting underlying genetic anomalies.

‘What role do prenatal screening tests play in providing evidence for

Down syndrome?

Prenatal screening tests like maternal serum markers and ultrasound can indicate increased risk, offering

indirect evidence that prompts diagnostic testing for confirmation of Down syndrome.

Can cognitive development patterns serve as evidence for Down

syndrome?

‘While not definitive on their own, characteristic cognitive and developmental delays observed in
individuals with Down syndrome support the diagnosis when combined with genetic and physical

findings.

What is the significance of the extra chromosome in establishing the

diagnosis of Down syndrome?

The presence of an extra chromosome 21 directly causes the physical, developmental, and intellectual

features associated with Down syndrome, making it the most definitive evidence for the condition.
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Introduction

Which One Of The Following Statements Best Describes The Evidence That Suggests That Down
Syndrome Is a genetic condition caused by the presence of an extra chromosome? For decades, scientists
and medical professionals have sought to understand the biological roots of Down syndrome, a condition
affecting approximately 1 in 700 live births worldwide. This exploration has not only illuminated the
chromosomal anomaly at its core but has also advanced research in genetics, developmental biology, and
medical interventions. In this article, we delve into the scientific evidence that underpins the
understanding of Down syndrome, examining the chromosomal basis, the methods used to detect it, and the

implications for diagnosis, management, and future therapies.

The Chromosomal Basis of Down Syndrome
The Role of Chromosomes in Human Genetics

Humans typically have 46 chromosomes in each cell, arranged in 23 pairs. These chromosomes carry the
genetic information necessary for growth, development, and bodily functions. Among these, chromosome

21 is one of the smallest but significant in various developmental processes.
Trisomy 21: The Underlying Cause

The primary genetic cause of Down syndrome is trisomy 21, a condition where individuals have three
copies of chromosome 21 instead of the usual two. This extra genetic material disrupts normal development,

leading to the characteristic physical features and cognitive challenges associated with the condition.

- How does trisomy 21 occur?
During the formation of reproductive cells (sperm or egg), errors can occur in cell division processes such as
meiotic nondisjunction. This error results in a reproductive cell with an extra copy of chromosome 21.

When fertilization occurs with such a cell, the resulting zygote has three copies, leading to trisomy 21.

- Prevalence of trisomy 21 in Down syndrome cases

Approximately 95% of Down syndrome cases are due to full trisomy 21, reflecting a nondisjunction event.

Variants of Chromosomal Aneuploidy



‘While trisomy 21 is the most common, other chromosomal anomalies are associated with Down syndrome:

- Translocation Down syndrome: A portion of chromosome 21 is attached to another chromosome, often
chromosome 14 or 22. This can be inherited or occur de novo.
- Mosaic Down syndrome: Some cells have the typical two copies of chromosome 21, while others have

three, leading to a mosaic pattern.

Each variant has different implications for phenotype and diagnosis but shares the core genetic anomaly of

extra genetic material from chromosome 21.

Scientific Evidence Supporting the Chromosomal Origin

Cytogenetic Techniques: The Foundation of Discovery

The discovery of the chromosomal basis of Down syndrome was made possible through advances in

cytogenetics—the study of chromosomes.

- Karyotyping:
Developed in the 1950s, karyotyping involves staining and visualizing chromosomes under a microscope to
detect abnormalities. In 1959, Jérome Lejeune and colleagues identified the extra chromosome 21 in

individuals with Down syndrome, establishing a direct link.

- Fluorescence in situ Hybridization (FISH):
FISH uses fluorescent probes that bind to specific chromosome regions, enabling rapid and precise detection

of trisomy 21 even in prenatal samples.

- Comparative Genomic Hybridization (CGH) & Microarrays:
Modern techniques allow detailed analysis of chromosomal gains or losses, confirming the presence of extra

material on chromosome 21 with high resolution.

Genetic Studies and Empirical Evidence

- Correlation between karyotype and phenotype:
The consistent presence of a third copy of chromosome 21 in individuals with Down syndrome across

diverse populations provides compelling evidence for a causal relationship.

- Inheritance and Recurrence Risks:
Translocation cases demonstrate that genetic inheritance plays a role in some instances, further supporting

the chromosomal basis.



How This Evidence Informs Diagnosis and Management

Prenatal Detection Methods

The chromosomal aberration can be detected prenatally through various techniques, emphasizing its

genetic basis:

- Non-invasive prenatal testing (NIPT):

Analyzes cell-free fetal DNA circulating in maternal blood to assess the risk of trisomy 21.

- Chorionic villus sampling (CVS) and amniocentesis:

These invasive procedures obtain fetal cells for karyotyping, allowing definitive diagnosis.

Postnatal Diagnosis

- Chromosomal analysis:

Confirmatory diagnosis involves karyotyping of a blood sample, identifying the extra chromosome.

This genetic confirmation guides early intervention, educational planning, and medical management.

Broader Implications of the Evidence

Understanding Developmental and Cognitive Features

The presence of extra genetic material from chromosome 21 affects multiple developmental pathways:

- Gene dosage effects:

Certain genes on chromosome 21, when overexpressed, influence neurodevelopment, immune function,
heart formation, and more.

- Candidate genes:

Research has identified specific genes, such as DYRK1A and DSCR1, implicated in cognitive impairment
and congenital anomalies.

Therapeutic Research and Future Directions

The elucidation of the chromosomal cause has driven research into potential therapies:

- Gene therapy and molecular interventions:

Currently experimental, aiming to normalize gene expression levels.



- Pharmacological approaches:

Drugs targeting specific pathways affected by gene overexpression are under investigation.

- Stem cell and gene editing technologies:

Emerging research explores correcting chromosomal anomalies at the genetic level.

Conclusion

The robust body of scientific evidence—ranging from cytogenetic discoveries to modern molecular
techniques—clearly supports that Down syndrome results from an extra copy of chromosome 21. This
chromosomal abnormality, primarily trisomy 21, is at the heart of the condition’s physical, developmental,
and cognitive features. Understanding this genetic foundation has been instrumental in advancing
diagnostic methods, informing medical management, and guiding future research toward potential
therapies. While challenges remain, the clarity provided by decades of genetic research continues to shape

strategies aimed at improving the quality of life for individuals with Down syndrome and their families.

In essence, the statement that best describes the evidence for Down syndrome is that it is a chromosomal
condition caused by the presence of an extra chromosome 21 (trisomy 21), supported by extensive

cytogenetic and molecular research.
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