
Ab s t r ac t

Gaucher disease (GD) is a rare lysosomal storage disorder due to a deficiency in the enzyme acid β-glucosidase (GCase), which leads to 
the accumulation of glucosylceramide in various body tissues. This autosomal recessive disorder is primarily associated with pathogenic 
variants in the GBA1 gene. Accurate and timely diagnosis of GD is essential for effective management and treatment. This article 
reviews the role of genetic diagnostic modalities in diagnosing GD, highlighting recent advancements and their clinical implications. 
Various genetic testing techniques, including Sanger sequencing, next-generation sequencing (NGS), and single molecule real-time 
(SMRT) sequencing are discussed in this article. Each method offers unique advantages and challenges, particularly in distinguishing 
between the GBA1 gene and its pseudo-gene. The clinical utility of genetic testing extends to early diagnosis and treatment initiation, 
risk assessment, and guiding therapeutic decisions based on specific GBA1 variants. Challenges such as the complexity of the GBA1 
gene, the classification of variants of uncertain significance (VUS), and ethical considerations are also addressed in this study. Ongoing 
research and advancements in genetic testing technologies aim to improve the accuracy, accessibility, and clinical utility of genetic testing 
for GD. This review underscores the importance of genetic diagnostic modalities in comprehensive management of Gaucher disease.
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In t r o d u c t i o n

Gaucher disease (GD) is a rare lysosomal storage disorder 
caused by a deficiency in the enzyme acid β-glucosidase 
(GCase), which breaks down glucosylceramide into glucose 
and ceramide. This deficiency leads to the accumulation of 
glucosylceramide in various body tissues, resulting in a wide 
range of clinical manifestations.1 The disease is inherited in 
an autosomal recessive manner, and it is most commonly 
associated with pathogenic variants in the GBA1 gene.2

Given the complexity and variability of Gaucher disease, 
accurate and timely diagnosis is crucial for effective management 
and treatment. Genetic diagnostic modalities play a pivotal role 
in diagnosing GD, providing essential information for patient 
management and family counseling. This article aims to 
highlight the importance of these modalities in the context of 
GD, drawing on recent guidelines and research findings.

Ov e r v i e w o f Gau c h e r Di s e a s e

Gaucher disease is classified into three main types based on 
clinical presentation and severity1-
a) �Type 1 (Non-neuronopathic): This is the most 

common form, characterized by symptoms such as 
hepatosplenomegaly, anaemia, thrombocytopenia, and 
bone disease. Neurological involvement is absent.

b) �Type 2 (Acute neuronopathic): This form is rare and 
severe, presenting in infancy with rapid neurological 
decline, leading to death typically before two years of age.

c) �Type 3 (Chronic neuronopathic): This form presents with 
variable neurological involvement and can have a slower 

progression compared to type 2. It often includes systemic 
manifestations similar to type 1.

Bi o c h e m i c a l a n d Ge n e t i c Ba s i s o f GD
The GBA1 gene, located on chromosome 1q21, encodes 
the GCase enzyme. Pathogenic variants in this gene result 
in deficient enzyme activity, leading to the characteristic 
accumulation of glucosylceramide. The GBA1 gene has a 
nearby pseudogene (GBAP) with high sequence homology 
which complicates genetic analysis due to potential gene-
pseudogene recombination events.

Ro l e o f Ge n e t i c Te s t i n g i n GD Diag  n o s i s

Genetic testing is indispensable for confirming GD diagnosis, 
especially when enzyme assays yield ambiguous results. 
Here are key aspects of genetic testing in the context of GD:

1.  �Confirmatory Diagnosis: Identifying biallelic pathogenic 
variants in the GBA1 gene confirms GD diagnosis.3 This is 
particularly important when biochemical assays for GCase 
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activity are inconclusive or when atypical presentations 
occur.

2. �Genetic Counselling: Genetic testing provides critical 
information for genetic counseling, enabling informed 
reproductive choices for affected families. Carrier testing 
and prenatal diagnosis can be offered to at-risk individuals.4

3. �Variant Classification: Variants in GBA1 are classified 
according to the American College of Medical Genetics 
(ACMG) criteria. This classification helps in determining 
the pathogenicity of identified variants, especially those 
of uncertain significance (VUS).5

4. �Molecular Analysis Techniques: Long-template PCR 
amplification and Sanger sequencing are traditionally used 
to identify single nucleotide variants and small indels in 
GBA1. Next-generation sequencing (NGS) technologies, 
including whole exome sequencing (WES) and whole 
genome sequencing (WGS), offer comprehensive analysis 
but require careful handling to avoid misalignment issues 
with the pseudogene.5

Ge n e t i c Te s t i n g Mo da l i t i e s

1.�Sanger Sequencing: Sanger sequencing remains a gold 
standard for detecting specific mutations in the GBA1 
gene. This method is highly accurate in identifying single 
nucleotide variants and small deletions/insertions.6 However, 
it is labor-intensive and less efficient for large-scale screening 
or detecting large deletions and complex rearrangements.

2. �Next-Generation Sequencing (NGS): NGS technologies 
have revolutionized genetic testing by allowing the 
simultaneous analysis of multiple genes. In the context 
of GD, NGS can be employed to sequence the GBA1 gene 
comprehensively.7 However, specific challenges arise due 
to the high homology between GBA1 and its pseudogene. 
Strategies to mitigate these challenges include:

3. �Targeted NGS Panels: These panels are designed to 
capture and sequence only the GBA1 gene, excluding 
the pseudogene regions.8 This approach enhances the 
accuracy of variant detection.

4. �Whole Exome Sequencing (WES): WES provides a 
broader analysis, capturing all coding regions of the 
genome.9 While it can identify variants in GBA1, careful data 
analysis can distinguish between gene and pseudogene.

5. �Whole Genome Sequencing (WGS): WGS offers the most 
comprehensive analysis, capturing both coding and non-
coding regions. However, it is the most resource-intensive 
and requires advanced bioinformatics tools for accurate 
data interpretation.9

6.	� Multiplex Ligation-dependent Probe Amplification 
(MLPA): MLPA is a robust technique for detecting large 
deletions, duplications, and complex rearrangements in 
the GBA1 gene. It is particularly useful when traditional 
sequencing methods fail to identify pathogenic variants. 
MLPA can differentiate between common mutations and 
recombinant alleles, providing valuable information for 
genetic diagnosis.10

7.	� Single-Molecule Real-Time (SMRT) Sequencing: 
SMRT sequencing, developed by PacBio, is an emerging 
technology that offers long-read sequencing capabilities. 
This method can provide detailed information on 
complex genomic regions, including those involving 
gene-pseudogene recombination events. Although not 
yet widely available, SMRT sequencing holds promise for 
future applications in GD genetic testing.11

Cl i n i c a l Ut i l i t y o f Ge n e t i c Te s t i n g

Early Diagnosis and Treatment Initiation
Early diagnosis of GD through genetic testing allows for 
timely initiation of treatment, which can significantly improve 
patient outcomes.12 Enzyme replacement therapy (ERT) and 
substrate reduction therapy (SRT) are available treatments that 
can ameliorate symptoms and prevent disease progression. 
Genetic testing facilitates early identification of affected 
individuals, enabling prompt therapeutic intervention.

Risk Assessment and Family Screening
Genetic testing enables the identification of carriers within 
affected families, providing crucial information for risk 
assessment and family planning.6 Carrier screening can help 
identify at-risk individuals who may benefit from genetic 
counseling and prenatal testing options.

Guiding Therapeutic Decisions
Specific GBA1 variants are associated with different clinical 
phenotypes and responses to therapy. Genetic testing can 
guide therapeutic decisions by identifying variants that may 
predict disease severity or therapeutic response.6,12 As an 
example, the N370S variant is commonly associated with 
milder type 1 GD, while the L444P variant is linked to more 
severe neuronopathic forms.

Challenges and Considerations in Genetic Testing

Complexity of the GBA1 Gene and Pseudogene
The high sequence homology between the GBA1 gene 
and its pseudogene complicates genetic testing. Accurate 
differentiation between the gene and pseudogene is 
essential to avoid false-positive or false-negative results.6 
Advanced sequencing technologies and bioinformatics tools 
are required to address these challenges.

Variants of Uncertain Significance (VUS)
The identification of VUS poses a significant challenge in 
genetic testing. Functional studies and segregation analysis 
are necessary to determine the pathogenicity of these 
variants.13 Collaborative efforts between clinical laboratories 
and research institutions are essential to gather sufficient 
evidence for variant classification. 

Ethical and Psychosocial Considerations
Genetic testing for GD raises ethical and psychosocial issues, 
including the potential for anxiety and distress among 
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patients and their families. Pre- and post-test genetic 
counseling by experienced professionals is crucial to ensure 
informed decision-making and provide emotional support.

Fu t u r e Di r e c t i o n s a n d Re s e a r c h

Development of New Genetic Testing Methods
Ongoing research aims to develop new genetic testing 
methods that are more accurate, cost-effective, and 
accessible. Advances in long-read sequencing technologies 
and bioinformatics tools hold promise for improving the 
detection of complex variants in the GBA1 gene. Additionally, 
efforts are underway to develop point-of-care genetic testing 
platforms that can provide rapid and accurate results.

Co n c lu s i o n

Genetic diagnostic modalities are indispensable in the 
diagnosis and management of Gaucher disease. These 
modalities provide critical information for confirming diagnosis, 
guiding therapeutic decisions, and offering genetic counseling 
to affected families. Advances in genetic testing technologies, 
such as NGS and SMRT sequencing, have enhanced our ability 
to detect and characterize pathogenic variants in the GBA1 
gene. However, challenges remain, including the complexity 
of the GBA1 gene and pseudogene, the classification of VUS, 
and the ethical implications of genetic testing. Ongoing 
research and collaborative efforts are essential to address these 
challenges and improve the accuracy, accessibility, and clinical 
utility of genetic testing for GD. 
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