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AUTOSOMAL TRISOMY OF GROUP

Definition and Genetic Context of Autosomal Trisomy of Group G

The term Autosomal Trisomy of Group G refers specifically to a chromosomal anomaly where an
individual possesses three copies of a chromosome belonging to the G classification group, rather
than the typical two copies found in euploid cells. This classification system, rooted in historical
karyotype analysis methodologies such as the Denver Classification, places the smallest
autosomes--specifically chromosome pairs 21 and 22--within Group G. A trisomy, defined as the
presence of an extra chromosome (2n+1), is one of the most clinically significant types of
aneuploidy. When this anomaly occurs within the G group, the resultant condition profoundly
impacts development and physiological function, with the most prevalent and thoroughly studied
example being Trisomy 21, which is the underlying cause of Down Syndrome.

Autosomes are the non-sex chromosomes, meaning that the extra genetic material is not related to
the determination of biological sex but rather affects somatic development and function throughout
the body. The human genome typically consists of 22 pairs of autosomes and one pair of sex
chromosomes (XX or XY), totaling 46 chromosomes. In the case of trisomy, the total chromosome
count rises to 47. Although trisomies can theoretically occur in any of the 22 autosomal pairs, most
result in early miscarriage or are lethal shortly after conception, demonstrating the extreme dosage
sensitivity of the human genome. The survival of individuals with Trisomy 21 highlights the unique
genetic content and location of this particular chromosome, making Group G anomalies of critical
medical importance.

Understanding the significance of Group G requires appreciation for how genetic material affects
development. Chromosome 21 is the smallest human autosome, carrying approximately 200 to
300 genes. Chromosome 22 is slightly larger. The addition of a third copy of either chromosome
results in the overexpression of all genes located on that chromosome. This imbalance--known as
gene dosage effect--disrupts complex developmental pathways and cellular homeostasis, leading
to the characteristic phenotypic features and associated medical complications observed in these
conditions. Therefore, the clinical severity is a direct consequence of the regulatory havoc wreaked
by this chromosomal surplus.

Historical Classification and Identification of Group G Chromosomes

The designation of chromosomes into groups (A through G) originates from the international
standardization efforts following early breakthroughs in human cytogenetics in the late 1950s. The
1960 Denver Conference established criteria based primarily on chromosome size and the position
of the centromere (karyotype morphology) when stained using conventional methods. Under this
system, chromosomes were arranged in descending order of length. Group G comprised the
smallest acrocentric chromosomes--those with the centromere near one end--specifically pairs 21
and 22. This grouping was instrumental in the initial cytogenetic studies that identified aneuploid
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conditions.

The definitive link between a Group G trisomy and a clinical syndrome was first established in 1959
by Jérbme Lejeune and his colleagues, who identified the presence of an extra chromosome 21 in
individuals with what was then termed Mongolism, now universally known as Down Syndrome.
This discovery marked a pivotal moment in human genetics, confirming that chromosomal
abnormalities could be the direct cause of congenital disorders. Prior to banding techniques,
distinguishing visually between 21 and 22 was challenging due to their similar size and morphology
under standard staining. For this reason, early reports often referred to the anomaly simply as a
"small acrocentric trisomy" or a "Group G anomaly,"” cementing the historical relevance of the
group classification.

Although modern cytogenetics utilizes advanced techniques, such as G-banding, Fluorescence In
Situ Hybridization (FISH), and microarrays, which allow for unambiguous identification of every
single chromosome and even specific segments, the terminology surrounding Group G remains
historically significant. The meticulous analysis of these chromosomes provided the foundational
evidence necessary to understand how errors in cell division translate into recognizable clinical
syndromes. Furthermore, the prevalence of Trisomy 21, compared to the relative scarcity of viable
Trisomy 22, underscores the divergent tolerance levels the human system has for genetic
imbalance across these two closely classified chromosomes.

The Mechanism of Aneuploidy: Nondisjunction

The vast majority of autosomal trisomies, including those affecting Group G chromosomes, arise
from a process called nondisjunction. Nondisjunction is the failure of homologous chromosomes
to separate during meiosis |, or the failure of sister chromatids to separate during meiosis I,
leading to gametes (sperm or egg cells) that contain either an extra copy of a chromosome (n+1)
or are missing a copy (n-1). When a gamete containing an extra chromosome 21 or 22 (n+1)
unites with a normal gamete (n), the resulting zygote is trisomic (2n+1).

Nondisjunction occurring during Meiosis | is statistically the most common cause of Trisomy 21. If
the error occurs at this stage, the resulting gamete contains two copies of the same chromosome,
one derived from the paternal homolog and one from the maternal homolog. Conversely,
nondisjunction during Meiosis Il involves the failure of sister chromatids to separate, meaning the
resulting gamete contains two identical copies of the chromosome derived solely from one parent.
The timing of this error is clinically and genetically important, although the resulting phenotype is
generally similar, determining the specific meiotic stage of origin provides crucial data for genetic
counseling and research into the molecular mechanisms that prevent proper chromosomal
segregation.

While nondisjunction accounts for approximately 95% of Trisomy 21 cases, other mechanisms can
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also lead to the Group G anomaly. These include Robertsonian Translocation and Mosaicism.
Robertsonian translocations involve the fusion of two acrocentric chromosomes (such as 13, 14,
15, 21, or 22) at the centromere. If a parent carries a balanced translocation involving chromosome
21 (most commonly t(14;21) or t(21;21)), they are phenotypically normal, but their offspring have
an increased risk of inheriting an unbalanced translocation, leading to three functional copies of
chromosome 21. Mosaicism, representing about 2-4% of Down Syndrome cases, occurs after
fertilization when nondisjunction happens during early mitotic cell divisions, resulting in two or more
cell lines--some normal (46 chromosomes) and some trisomic (47 chromosomes)--within the same
individual.

Focus on Trisomy 21: Etiology and Clinical Manifestations

Trisomy 21, or Down Syndrome (DS), is the most frequent chromosomal abnormality and the
leading genetic cause of intellectual disability. The clinical phenotype is complex and highly
variable, though defined by a constellation of characteristic features. These features are
hypothesized to stem from the overexpression of critical genes located on the long arm of
chromosome 21, particularly within the Down Syndrome Critical Region (DSCR). Specific genes
implicated include DYRK1A, associated with intellectual disability, and APP (Amyloid Precursor
Protein), which is strongly linked to the high incidence of early-onset Alzheimer's disease
pathology observed in individuals with DS.

The physical manifestations typically include distinctive facial features such as upward-slanting
palpebral fissures, a flattened nasal bridge, small ears, and an enlarged tongue (macroglossia).
Skeletal features often include short stature, short neck, and a single deep crease across the palm
(simian crease). However, the most significant clinical challenges are internal. Approximately
40-50% of infants with DS are born with congenital heart defects, most commonly atrioventricular
septal defects (AVSD) and ventricular septal defects (VSDs), which require surgical correction
early in life. Gastrointestinal anomalies, such as duodenal atresia, are also significantly more
common.

Beyond structural anomalies, individuals with Trisomy 21 face a wide array of chronic health issues
and developmental delays. They exhibit mild to moderate intellectual disability, though cognitive
profiles are highly individualized. Other common comorbidities include hearing and vision
impairments, thyroid dysfunction (hypothyroidism), increased susceptibility to infections due to
immune system deficiencies, and a markedly increased lifetime risk for developing leukemia
(specifically Acute Myeloid Leukemia, or AML). Through advanced medical care and early
intervention programs, the life expectancy for individuals with Down Syndrome has dramatically
improved over the past decades, now often reaching 60 years or more, emphasizing the
importance of comprehensive, multidisciplinary management tailored to the specific needs arising
from this Group G trisomy.
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Trisomy 22 and Other Group G Anomalies

While Trisomy 21 is the paradigm for viable Group G trisomy, the anomaly involving the other
member of the group, Trisomy 22, presents a starkly different clinical picture. Full Trisomy 22 is
generally considered one of the most lethal autosomal trisomies, resulting in spontaneous abortion
in the first trimester in the vast majority of cases. It is a common cause of miscarriage, suggesting
that the genetic load imposed by the extra chromosome 22 is incompatible with sustained
embryonic development. This lethal outcome contrasts sharply with the survivability observed in
Trisomy 21, illustrating the differential impact of gene dosage effects based on the specific set of
genes contained on the chromosome.

However, Trisomy 22 can occasionally manifest in a viable, yet profoundly severe, form known as
Mosaic Trisomy 22. In this rare scenario, the individual possesses both normal cell lines and
trisomic cell lines, ameliorating the severity of the condition depending on the percentage and
distribution of the trisomic cells in critical tissues. Phenotypes associated with mosaic Trisomy 22
are highly variable but frequently include severe congenital defects such as growth restriction, pre-
and postnatal developmental delays, multiple congenital heart defects, kidney anomalies, and
craniofacial dysmorphism. These individuals often require extensive medical support from birth,
and their prognosis is often guarded compared to those with Trisomy 21.

Furthermore, a specific partial trisomy of chromosome 22, known as Cat Eye Syndrome (CES) or
Schmid-Fraccaro syndrome, provides another perspective on Group G anomalies. CES is
characterized by the presence of a small supernumerary marker chromosome (sSMC) that is
derived from the short arm and proximal long arm of chromosome 22. Although not a full trisomy,
the triplication of this specific segment (22pter-q11) leads to features such as ocular coloboma
(giving the syndrome its name), anal atresia, and heart defects. The existence of these distinct
conditions--full Trisomy 21, lethal full Trisomy 22, and partial Trisomy 22 (CES)--underscores the
delicate balance required by the genetic material within Group G and demonstrates that even small
duplications can lead to significant pathology.

Epidemiology and Risk Factors

The incidence of Group G trisomies, particularly Trisomy 21, is closely tied to specific demographic
risk factors. Globally, the prevalence of Down Syndrome is estimated to be between 1 in 800 and 1
in 1,000 live births. The primary, most well-documented, and universally accepted risk factor for
meiotic nondisjunction leading to Trisomy 21 is advanced maternal age. The correlation is
exponential: while the risk for a woman in her early twenties is approximately 1 in 1,500, this risk
increases to around 1 in 30 at age 45.

This strong epidemiological link is explained by the biology of the human oocyte. Female germ
cells begin meiosis during fetal life but arrest in prophase | until ovulation, sometimes decades
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later. This prolonged arrest (up to 40 or 50 years) subjects the structures responsible for
chromosome segregation, particularly the meiotic spindle and the cohesin complex that holds
sister chromatids together, to cumulative damage or decline in function over time. The aging of the
oocyte increases the likelihood of errors during the final stages of Meiosis | and Il upon ovulation,
thereby elevating the risk of nondisjunction of chromosomes like 21 and 22.

While maternal age is the dominant factor in nondisjunction cases, parental factors are relevant in
translocation cases. If a parent carries a balanced Robertsonian translocation involving a Group G
chromosome, the risk of recurrence in subsequent pregnancies is significantly higher and
independent of maternal age. Furthermore, though less clearly defined, environmental or genetic
factors may play a minor role in a small percentage of cases. The understanding of these risk
factors is paramount, as it informs the criteria for offering prenatal screening and diagnostic testing
to expectant parents, providing them with necessary information for reproductive planning.

Diagnostic Methods and Genetic Counseling

Accurate diagnosis of Autosomal Trisomy of Group G is achieved through a combination of
screening and definitive diagnostic testing, which can be performed prenatally or postnatally.
Prenatal screening, such as Non-Invasive Prenatal Testing (NIPT) utilizing cell-free fetal DNA
found in maternal blood, offers a highly sensitive method for identifying increased risk for Trisomy
21 and 22 as early as the first trimester. Screening results, however, are not definitive and require
confirmation.

Definitive prenatal diagnosis relies on invasive procedures, primarily amniocentesis or chorionic
villus sampling (CVS), which provide fetal cells for analysis. The gold standard diagnostic
technique is karyotyping, where chromosomes are stained, visualized, and counted to confirm the
presence of 47 chromosomes and specifically identify the extra copy of chromosome 21 or 22.
Fluorescence In Situ Hybridization (FISH) can also be used for rapid confirmation of specific
trisomies by using fluorescent probes that bind to target chromosome regions. Postnatal diagnosis
generally begins with a clinical suspicion based on phenotypic features, followed by karyotyping to
confirm the chromosomal anomaly.

Genetic counseling is an indispensable component of managing Group G trisomies, particularly
upon prenatal diagnosis or reproductive planning for families with a history of aneuploidy.
Counselors provide comprehensive risk assessments, explain the mechanisms (nondisjunction vs.
translocation), interpret complex test results (including mosaicism), and discuss the projected
clinical outcomes and resources available. For cases involving translocation, counseling extends to
testing the parents to determine if one is a carrier, which is crucial for determining the recurrence
risk for future pregnancies, as recurrence risk in translocation cases can be significantly higher
than in nondisjunction cases.

Encyclopedia of psychology encyclopedia.arabpsychology.com



https://encyclopedia.arabpsychology.com/?p=16484
https://encyclopedia.arabpsychology.com
https://encyclopedia.arabpsychology.com

AUTOSOMAL TRISOMY OF GROUP

Management and Therapeutic Interventions

The management of Autosomal Trisomy of Group G, primarily Trisomy 21, requires a
comprehensive, multidisciplinary approach focused on maximizing developmental potential and
addressing associated medical morbidities. Early intervention is critical; programs targeting
physical therapy, speech therapy, and occupational therapy should begin in infancy to support
motor skill development and communication skills, often mitigating the impact of the intellectual
disability. Educational planning must be individualized to accommodate varied learning styles and
pace.

Medical management is highly focused on surveillance and timely intervention for common
comorbidities. Due to the high incidence of congenital heart disease, all newborns with Trisomy 21
require a thorough cardiology evaluation, often involving echocardiography, soon after birth.
Routine health checks must include regular screening for thyroid dysfunction (hypothyroidism),
which is highly prevalent, as well as monitoring for vision and hearing deficits, which can
significantly impede communication and learning if left untreated. Furthermore, surveillance for
atlantoaxial instability (a misalignment of the upper neck vertebrae) is often recommended before
participation in certain physical activities.

Research continues into potential molecular and pharmacological interventions aimed at mitigating
the effects of gene overexpression, such as targeting the DYRK1A gene, though these approaches
are still largely experimental. For individuals with Trisomy 21, the emphasis remains on fostering
independence, integrating them into inclusive educational and social environments, and providing
consistent, high-quality medical care throughout their lifespan. The specialized care model ensures
that individuals with this specific autosomal trisomy of Group G can achieve fulfilling lives,
reflecting significant advances in both medical treatment and societal support over the past several
decades.
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