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ABSTRACT 

Background: Fragile X syndrome is among the commonest causes of neurodevelopmental disorders, in-

cluding autism spectrum disorder, intellectual disability and global developmental delay. However, there 

is no information on the prevalence of Fragile X Syndrome among children with Neurodevelopmental 

Disorders in Rwanda. This research aimed to determine the prevalence rate of Fragile X Syndrome and 

the carrier status of mothers among Rwandan children with Neurodevelopmental Disorders, the methyla-

tion status of the FMR1 gene and the clinical characteristics of the Fragile X Syndrome children in 

Rwanda.    

Methods: This quantitative cross-sectional study used a purposive sampling method to analyze the pres-

ence of Fragile X Syndrome among thirty children (aged 2 – 17years) who visited Kigali University 

Teaching Hospital and Ndera Neuropsychiatric Teaching Hospital, Rwanda for diagnosis of Neurodevel-

opmental Disorders between November 2023 and May 2025. 

Results: Among the 30 children with Neurodevelopmental disorder, males predominated (70%), with 

most children (46.7%) aged between 2 and 5 years. Most of the children had autism spectrum disorder 

(70%), followed by Global Development Delay (16.7%), Intellectual Disability (10%), and a combination 

of both autism spectrum disorder and Intellectual Disability (3.3%). Only 3 (10%) males were identified 

as positive with Full Mutation (>200CGG repeat), Out of which two had autism spectrum disorder, while 

the third child had Intellectual Disability. They presented with macroorchidism (33%), speech delay 

(33%), prominent ear (67%), and long face (100%). Furthermore, mental retardation was moderate in two 

of them (67%) but severe in the third patient (33%). All the Fragile X Syndrome children had complete 

methylation, with levels above 80%. Lastly, two mothers of the children tested positive for Fragile X 

Syndrome with premutation status, confirming maternal transmission. 

Conclusion: About 10% of Rwandan children with Neurodevelopment Disorders have Fragile X Syn-

drome with full mutation, which is transmitted from their mothers. Screening for Fragile X Syndrome in 

patients with Neurodevelopmental Disorders is highly recommended to enhance clinical understanding of 

the genetic etiology of Neurodevelopmental Disorders in Rwanda. 

Keywords: Fragile X Syndrome, Neurodevelopmental Disorders, Autism spectrum Disorder, Intellectual 

Disability and Global Developmental Disorder 
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CHAPTER I: INTRODUCTION 

1.1 Background of the study:   

Fragile X Syndrome (FXS) is a hereditary condition resulting from a mutation in FMR1 gene (Fragile X 

Messenger Ribonucleoprotein 1) located on the X chromosome and is known to be a leading cause of 

inherited intellectual disability globally. The core cause of the disorder is attributed to the pathological 

amplification of the cytosine-guanine-guanine (CGG) trinucleotide repeat located within the 5′ untrans-

lated region of the FMR1 gene, If the expansion exceeds 200 copies, it causes the DNA methylation of 

the FMR1 promoter region which turn off FMR1 gene, preventing translation of Fragile X mental retar-

dation protein 1 (FMRP) (Le & Mazzocco, 2000). The FMR1 gene was identified in 1991 by  Verkerk  

(Nolin et al., 2003). FXS has an X-linked dominant inheritance pattern that is linked to a variety of clinical 

characteristics and can be very difficult to diagnose clinically (Elhawary et al., 2023). Phenotypic  abnor-

malities observed in individuals with FXS encompass craniofacial dysmorphisms, decreased muscle tone, 

macroorchidism, which is predominantly evident in affected males (Crawford et al., 2020). The global 

prevalence of FXS  is about 1/4 000 in males and 1/8 000 in females worldwide (Essop & Krause, 2013), 

in the individual with CGG repeat  pre-mutation of the FMR1 gene the prevalence  is approximately 1 in 

200 among females and 1 in 450 among males (Jacquemont et al.,2004). 

The FMR1 gene encodes the FMRP, a selective RNA-binding protein that is critically involved in the 

regulation of synaptic plasticity and higher-order neurocognitive functions, including the modulation of 

learning, memory consolidation, and behavioral control. Transcriptional silencing of the FMR1 gene leads 

to a significant decrease or complete loss of FMRP in children with FXS. This genetic mutation impairs 

the maturation and functional connectivity of neuronal circuits by perturbing synaptogenesis and activity-

dependent signaling pathways, Extensive neurogenetic research has demonstrated that children with FXS 

have severe cognitive developmental delays, increased anxiety, hyper-sensory hypersensitivity and im-

paired social communication (Razak et al., 2020).  

These signs tend to coincide with autism spectrum disorder and intellectual disability, which makes it 

difficult to diagnose and treat. Longitudinal studies also show that loss of FMRP in critical periods of 

development can lead to structural changes in brain morphology and functionality that remain beyond 

childhood, which explains the significance of early diagnosis and tailored therapeutic approaches (Quintin 

et al., 2016). 
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Globally, multiple studies have highlighted the importance of molecular diagnostics in identifying FXS 

among children with neurodevelopmental disorders (NDDs). A population-based study in Canada by 

Hunter et al. (2014) reported that FXS accounts for approximately 2–6% of intellectual disability cases, 

with PCR-based screening proving effective in detecting CGG repeat expansions in the FMR1 gene. In 

2019, a diagnostic cohort analysis in South Korea demonstrated that methylation-specific PCR combined 

with capillary electrophoresis significantly improved the detection rates of full mutations in children pre-

senting with unexplained developmental delay. These findings underscore the critical role of molecular 

tools in early identification and intervention for FXS, particularly in settings where clinical features alone 

may not be sufficient for accurate diagnosis(Hunter et al., 2014; Yim et al., 2008). 

Recent research conducted in Cameroon, a Sub-Saharan African country, revealed that among 46 individ-

uals tested in a rural cascade screening study, 21.1% males with clinical intellectual disability were con-

firmed to have a full mutation in the FMR1 gene, confirming that they had Fragile X Syndrome. Addi-

tionally, 14.8% and 37% females with full mutation and pre-mutation were respectively presented (Kamga 

et al., 2020). These findings highlight the presence of FXS and Fragile X-associated conditions in Sub-

Saharan Africa, although comprehensive prevalence estimates across the region are still lacking. A 

broader review also emphasizes the scarcity of epidemiological data and the urgent need for expanded 

genetic services and awareness campaigns to improve diagnosis and care for affected individuals (Mbachu 

et al., 2024) 

Despite advances in molecular diagnostics worldwide, data on Fragile X Syndrome in sub-Saharan Africa, 

particularly Rwanda, remain limited. Understanding the genetic basis of Fragile X Syndrome in Rwandan 

children with neurodevelopmental disorders is crucial for determining the prevalence and diagnostic sig-

nificance of FMR1 gene mutations in this population. The findings are vital for improving early interven-

tion strategies, guiding genetic counseling, and shaping policies for neurodevelopmental disorder screen-

ing. In this study, we analyzed the molecular profile of FXS by examining CGG repeat expansions and 

methylation status in the FMR1 gene using methylation PCR in children with neurodevelopmental disor-

ders, aiming to provide essential data for future diagnostic and research efforts in Rwanda. 
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1.2 Problem statement 

The FXS is the most prevalent cause of significant NDDs, including monogenic autism spectrum disorder, 

hereditary intellectual disability (ID) and global developmental delay (GDD). The FXS arises from the 

expansion of the CGG trinucleotide sequence situated proximal to the promoter region of the FMR1 gene, 

which encodes the polysome-associated RNA-binding protein FMRP, and plays key roles in neuronal 

development (Kraan et al., 2019). Normal individuals have fewer than 45 repeats, whereas the FM is 

characterized by an expansion of over 200 CGG repeats, which induces hypermethylation of the FMR1 

gene promoter, leading to transcriptional silencing. This results in the absence of FMRP, a crucial regula-

tor of synaptic plasticity and cognitive development (Borch et al., 2020). Molecular diagnostic methods, 

such as PCR-based CGG repeat sizing and methylation-sensitive assays, are crucial for the precise iden-

tification and classification of FMR1 gene alleles. 

However, there is limited data on the prevalence and molecular diagnosis of FXS in sub-Saharan Africa, 

including Rwanda. Most children with ID, ASD, and GDD are diagnosed clinically, with limited access 

to genetic testing. Therefore, children with FXS mutations or carriers are not diagnosed until an older age 

due to the absence of suggestive phenotypic features or family history. In addition, currently, molecular 

diagnostics method for confirming the disorder are either unavailable or inaccessible in many low and 

middle-income countries. Therefore, the diagnostic procedures are based on clinical presentation and fam-

ily history, which are not always accurate. Understanding the burden of FXS through molecular diagnosis 

could improve diagnostic precision and early detection, family counseling, and access to tailored inter-

vention. 

1.3 Study objectives 

1.3.1 General objective 

The overall aim of this study was to conduct a molecular investigation of the FXS in Rwandan children 

with NDDs.  

1.3.2 Specific objectives 

The specific objectives of the study were to: 

1.  Determine the prevalence of the FXS among Rwandan children with Neurodevelopmental Disorder 

and the carrier status of their mothers 
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2. Characterize the methylation status of the FMR1 gene in Rwandan children with Fragile X syndrome. 

3. Assess the clinical and demographic characteristics associated with confirmed FXS cases in the study 

cohort. 

1.4 Research Questions 

1. What is the prevalence of FXS among Rwandan children with NDD and the carrier status of 

their mothers? 

2. What is the methylation status of FXS among fully-mutated Rwandan children with FXS? 

3. What clinical and demographic characteristics are significantly associated with confirmed 

Fragile X Syndrome cases among Rwandan children diagnosed with neurodevelopmental dis-

orders? 

1.5 Significance of the study 

The FXS is the most common inherited disorder that causes NDD. Despite its clinical significance, FXS 

remains underdiagnosed in many parts of the world, including Rwanda. This study provided essential data 

on the molecular diagnosis of FXS in Rwanda. The confirmed diagnosis of FXS, through identification 

and quantification of FMR1 CGG repeat expansions and methylation status facilitates precise categoriza-

tion. The results will support better clinical management, guide educational and therapeutic planning, and 

inform genetic counseling services. Additionally, the findings will contribute to the plan of the screening 

program for voluntary genetic check-up before marriage and early molecular testing for FXS in Rwanda. 
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1.6 Definition of Key Terms 

Fragile X Syndrome: A hereditary neurodevelopmental condition that results in transcriptional silence 

and FMRP absence due to an increase of the CGG trinucleotide repeat (>200 repetitions) in the 5′ untrans-

lated region of the FMR1 gene (Ciaccio et al., 2017). 

Autism Spectrum Disorder: ASD is a neurodevelopmental condition that impairs social interaction, 

communication abilities, cognitive processing, and behavioral regulation (Hodges et al., 2020). 

Global Developmental Delay:   is described as a considerable delay in at least two areas of development, 

such as daily living activities, motor skills, cognitive abilities, speech and language, and personal or social 

skills (Habibullah et al., 2019). 

FMRP (Fragile X Mental Retardation Protein): an RNA-binding protein encoded by the FMR1 gene 

Hypermethylation: An epigenetic change defined by the excessive addition of methyl groups to cytosine 

residues in DNA, especially at CpG dinucleotides within gene promoter regions (Ehrlich, 2019). 

Mosaicism: Mosaicism refers to the presence of two or more distinct genetic profiles within the cells of 

a single individual. 
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CHAPTER II: LITERATURE REVIEW 

2.1 Introduction 

This chapter presents an overview of existing studies and scholarly work on Fragile X Syndrome in a 

global perspective and in the African context.  The chapter provides key insights and diagnostic practices 

related to FXS in children with NDDs. 

2.2 Theoretical review 

Neurodevelopmental disorders (NDDs) include ID, GDD and ASD, a group of conditions that result from 

inadequate brain development, and which typically occur during early childhood and affect cognitive, 

motor, language, and social domains. The etiology of these disorders is complex, including genetic muta-

tions, chromosomal and epigenetic dysregulations, which are frequently exacerbated by environmental 

exposures in prenatal and perinatal stages (Rodan et al., 2025). ID is defined as the disruption of intellec-

tual functioning and adaptive behavior resulting from interrupted synaptic signaling and neuronal connec-

tivity. GDD is associated with extensive developmental delays in multiple domains that may be caused by 

underlying genetic or metabolic malfunctions. while ASD is characterized by impaired neural circuitry, 

social cognition, sensory integration, and communication, often linked to dysregulation of synaptic func-

tions and an abnormal excitatory-inhibitory balance (Prasad et al., 2025). 

Fragile X Syndrome (FXS) is the most prevalent inherited cause of intellectual disability (ID) and a major 

contributor to autism spectrum disorder (ASD) and global developmental delay (GDD). It arises from a 

CGG trinucleotide repeat expansion in the 5′ untranslated region of the FMR1 gene, which triggers hy-

permethylation and transcriptional silencing. The resulting absence or deficiency of FMRP, a modulator 

of synaptic plasticity impairs the transport and local translation of mRNAs at neuronal synapses, culmi-

nating in cognitive deficits, autistic phenotypes, and delayed neurodevelopment (Tabolacci et al., 2022). 

These disorders clinically present themselves with inconsistent severity, ranging from severe to mild 

learning problems up to severe intellectual deficiency and behavioral dysregulation. The diagnosis is 

based on DSM-5 criteria, developmental examinations and molecular diagnostics involving chromosomal 

microarray and FMR1 testing, helping in the diagnosis of FXS in individuals with unexplained ID, GDD, 

or ASD (Carter et al., 2023). Early identification of FXS not only informs prognosis and recurrence risk 

but also enables tailored interventions and genetic counseling, particularly in resource-limited settings 

where diagnostic equity remains a challenge. 



7 
 

In mammals, cytosine methylation commonly takes place along the linear DNA strand, where DNA me-

thyltransferases catalyze the addition of methyl groups to cytosine residues that are positioned next to 

guanine bases in the 5′ to 3′ orientation. DNA demethylation involves the conversion of 5-methylcytosine 

residues back into cytosine within the DNA sequence. DNA methylation constitutes a key epigenetic 

mechanism involved in the regulation of transcriptional activity. Hypermethylation of the CpG island 

associated with the FMR1 gene leads to transcriptional silencing of the gene (Kim & Costello, 2017). 

2.2.1 Structural Features and Biological Relevance of the FMR1 Promoter and Intron 1  

 

FMR1 transcription is controlled by the FMR1 promoter, a stretch of DNA upstream of the transcription 

start site. In FXS, the FMR1 gene is silenced due to methylation of 52 CpG dinucleotides within its CpG 

island, leading to loss of gene expression. FMR1 silencing in the FXS disease happens about 11 weeks of 

pregnancy, and the FM repeat expansions set off an epigenetic switch that includes changes to histone 

proteins and elevated DNA methylation (Pietrobono et al., 2002). 

2.2.2 Molecular epigenetic landscape of FMR1 disorders and its implications for downstream cel-

lular pathways 

Different epigenetic changes that affect gene expression and clinical outcomes are characteristics of 

FMR1-related disorders, which are FXS, Fragile X-associated Tremor/Ataxia Syndrome (FXTAS), and 

Fragile X-associated Primary Ovarian Insufficiency (FXPOI) (Kraan et al., 2019). 

 

Figure 1: Correlation between epigenetic modifications and clinical manifestations in FMR1-re-

lated conditions 
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 (a) Normal FMR1 gene, with normal size of CGG repeat are associated with unmethylated promoter and 

FMR1 is transcribed at normal rate, FMRP is translated and regulate many genes associated with normal 

neurodevelopment (b) Premutation alleles (55–200 CGG repeats) are typically unmethylated at the pro-

moter, resulting in elevated FMR1 mRNA levels; however, FMRP production is reduced. (c) Full muta-

tion CGG repeats (>200 repeats) are associated with methylation of the FMR1 promoter, which silences 

transcription of FMR1 mRNA, resulting in the absence of FMRP production. Adapted from Kraan et 

al,2019. 

2.2. 3 History and Physical characteristic of FXS 

 

Newborns with FXS usually do not exhibit early clinical signs, as their head circumference, weight, and 

height measurements are generally within the normal limits. Physical and developmental symptoms typi-

cally manifest in early childhood. In most cases, FXS has been diagnosed retrospectively, following the 

onset of observable symptoms, resulting in considerable delays in diagnosis. This delay frequently results 

in families having more children before becoming aware of the heightened recurrence risk associated with 

the syndrome (Bailey et al., 2008; Raspa et al., 2023). 

2.2. 4 Fragile X syndrome heritability 

Inheritance of FXS results in its typical non-Mendelian pattern of inheritance and is determined by the 

number of CGG trinucleotide repeats in the promoter region of the FMR1 gene. During maternal trans-

mission of a Pre mutation (PM) allele on the X chromosome, an expansion event of the allele leads to the 

conversion to a Full Mutation (FM) allele in the offspring. This somatic expansion mechanism is respon-

sible for the variable penetrance and expressivity of the FXS phenotype among affected families 

(Tabolacci et al., 2022). 

Persons affected with FXS have both FM and abnormal DNA methylation. A female premutation carrier 

has a mutated X chromosome and a normal functioning X chromosome with 50% chance of passing the 

mutated X chromosome to the offspring. The passage from premutation to FM status occurs only with a 

transmission from the mother (IJsselmuiden & Faden, 1992). Women who carry the Fragile X premutation 

face an elevated risk of developing Fragile X-associated Primary Ovarian Insufficiency (FXPOI), while 

both male and female premutation carriers are susceptible to neurodegenerative disorders such as Fragile 

X-associated Tremor/Ataxia Syndrome (FXTAS). 
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2.2.5 Primary Ovarian Insufficiency 

Primary ovarian insufficiency refers to the early termination of menstrual cycles occurring before the age 

of 40. It is a unique phenotype among women who are carriers of the premutation. However, it is not 

reported in females with the FM. FMR1 premutation carriers (55–200 CGG repetitions) are susceptible to 

FXPOI. About 20% of female carriers suffer from early menopause, overall ovarian dysfunction and Pri-

mary Ovarian Insufficiency which is significantly higher when compared with only 1% in the general 

population (Sullivan et al., 2005). 

2.2.6 Fragile X-associated tremor/ataxia syndrome (FXTAS)  

Fragile X-associated Tremor/Ataxia Syndrome is a progressive neurological disorder linked to the Fragile 

X premutation, and is marked by symptoms including tremors and impaired coordination (Cabal-herrera 

et al., n.d.). The disorder is more frequently observed in older premutation carriers than in younger indi-

viduals. The likelihood of developing FXTAS rises with advancing age, affecting approximately 40% of 

male and 16% of female who carry the mutation (Crawford et al., 2020). Males who inherit the mutation 

will be affected, and they will transmit the mutation to all their daughters. Female with the Fragile X 

premutation may exhibit varying levels of intellectual disability or behavioral challenges, and have a 50% 

chance of passing the mutation to each of their offspring (Kamga et al., 2020). 

2.2.7 Molecular Basis and Diagnostic Techniques 

Over the past two decades, the molecular diagnosis of FXS has evolved significantly. Conventional cyto-

genetic techniques have been largely replaced by DNA-based methodologies, which provide higher sen-

sitivity and specificity. The first line diagnostic method with a few exceptions, is PCR-based screening 

for CGG repeat length within FMR1 gene. To assess the methylation status of the adjacent CpG island 

and confirm the presence of a full mutation, methylation-specific PCR or Southern blot analysis is com-

monly employed (Ciaccio et al., 2017). Capillary electrophoresis and fragment analysis using platforms 

such as the ABI 3500 Genetic Analyzer allow precise sizing of CGG repeats and differentiation between 

normal, premutation, and full mutation alleles. 
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2.3 Empirical Literature Review 

Over 99% of Fragile X syndrome cases result from an increased number of CGG repeats in the 5' untrans-

lated region of the FMR1 gene. The alternative etiology involves a spectrum of genetic alterations, pre-

dominantly comprising large-scale deletions and duplications, disruptions in regulatory elements and 

point mutations (Lyons et al., 2015). FXS is associated with the FMR1 gene located at locus Xq27.3 and 

encodes the FMRP. According to the prevalence rates most cases are male and about 50% of females with 

the whole mutation are affected by ID (Le & Mazzocco, 2000). 

 A study was done in southern Brazil among 90 patients out of which women were 64 and men were 26, 

The results showed that 42 women (65.6%) were normal, 2 women (3.2%) were intermediate/gray zone, 

15 women (23.4%) were premutation, and 5 women (7.8%) were full mutation. Among men,  6 (23.1%) 

were normal,  15 (57.7%) were with FM , and 5 (19.2%) were with mosaic permutation (Ramos et al., 

2020). FXS prevalence in Indonesia's population with ID ranging between 0.9 to 1.9%, however it was 

higher (6.15%), showing an increased number of FXS among patients with ASD.  A genetic screening 

and cascade testing initiative carried out in a rural community on Java Island revealed a notably high 

prevalence of 45% among individuals with intellectual disability, indicating the potential presence of a 

localized genetic cluster (Sihombing et al., 2021).  A study conducted in South Africa found that among 

2,239 unrelated individuals diagnosed with intellectual disability and/or fragile X syndrome (ID/FXS), 

128 (5.7%) tested positive for the FMR1 full mutation (FM), including 5.2% of male probands and 0.5% 

of female probands. The FM was identified in 4.8% of white patients, 5.2% of Black patients, 8.1% of 

patients of mixed ancestry, and 9.9% of Indian patients (Essop & Krause, 2013).  

According to the study done in Cameroon, 46 participants underwent the FXS carrier testing, among 

whom 60.87% were normal (with CGG repeats < 55). Out of the 19 male participants, four were found to 

carry a full mutation (FM) defined by CGG repeats exceeding 200, and each was diagnosed with severe 

intellectual disability (ID). Remarkably, one of these individuals came from a family with three daughters, 

hinting at a degree of social acceptance and tolerance of disability within that specific environment. Fur-

thermore, among the 27 female participants, 10 had a premutation, while 4 were identified with a full 

mutation. (Kamga et al., 2020). The FXTAS  is a neurodegenerative disorder  caused by a pre-mutation 

of 55 to 200 CGG repeats in the 5′ untranslated region (UTR) of the FMR1 gene (Wilson et al., 2001).  
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The clinical features of this condition include intention tremor and ataxia. In contrast to FXS, where ex-

panded FM alleles (>200 CGG repeats) result in hypermethylation and silencing of the FMR1 gene, FMR1 

mRNA levels are higher in FXTAS carriers, although FMRP, the protein that FMR1 encodes, is expressed 

at a slightly lower level. FMR1 mRNA levels are higher in FXTAS carriers, although FMRP, the protein 

that FMR1 encodes, is expressed at a slightly lower level (Tassone et al., 2007) The risk of developing 

FXTAS increases with age in both males and females, but it is significantly higher in men: approximately 

17% to 75% of male premutation (PM) carriers are affected, compared to only 8% to 16% of female PM 

carriers over the age of 50 (Seltzer et al., 2012). 

The FXPOI is a primary disorder associated with FXS; and is defined as hypergonadotropic hypogonad-

ism before age 40 years, affected women presents with early infertility, irregular menstrual periods and 

premature menopause with high risk of osteoporosis and heart disease. Its incidence in women with a 

premutation allele is 20% while the incidence of 1% was reported in the general population (Allen et al., 

2007). 
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CHAPTER III: METHODOLOGY 

3.1 Study setting 

The study was conducted in two hospitals, namely Kigali University Teaching Hospital (CHUK) and 

Ndera Neuropsychiatric Teaching Hospital (NNPTH). CHUK is the tertiary referral hospital located in 

Kigali the capital of Rwanda. CHUK is the largest referral hospital in the country, with a capacity of 483 

beds. It provides quality healthcare to the population, as well as training, clinical research, and technical 

support to district hospitals. It mainly receives patients transferred from district hospitals, in particular 

patients requiring a specialist consultation, especially in in pediatrics department /genetic service.  

NNPTH is the Rwanda’s only referral and teaching hospital for psychiatry and neurology, and receives a 

high number of patients with intellectual disability and autism spectrum disorder. 

 

3.2 Study Design 

This was a quantitative cross-sectional study aimed at identifying molecular characteristics of FXS in 

children clinically diagnosed with NDDs. A molecular analysis technique (methylation PCR) was used.   

 3.3 Study population, sampling strategy, and sample size calculation 

The population of this study was all children aged between 2 years to 17 years old, who required a diag-

nosis of neurodevelopmental disorders whom genetic disease was suspected, which prompted FXS testing. 

These children were recruited from CHUK and NNPTH from November 2023 to May 2025. Our popula-

tion was comprised of 30 children, including 21 males and 9 females. 

In this study, a purposive sampling method was used. Purposive sampling is a non-probability sampling 

method in which researchers deliberately choose participants based on particular features or criteria related 

to the study. 

Sample size calculation was done for estimated prevalence of 2% as follow: 

 n=Z2⋅P⋅(1−P)/d2 

n: Required sample size. 

  Z: Z-score corresponding to the desired confidence level (e.g., 1.96 for 95% confidence). 

 P: Estimated prevalence of FXS in the population 2% for males  

d: Desired precision or margin of error (5%) 
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N= (1.96)2
*0.02*(1-0.02)/ (0.05)2= 30.2 

 

3.4 Inclusion criteria and exclusion criteria 

3.4.1 Inclusion criteria 

❖ Children diagnosed with neurodevelopmental disorders and suspected of having an underlying 

genetic condition  

❖ Age: 2-17 years old 

❖ Informed consent signed by parents or guardians 

 

3.4 2 Exclusion criteria 

❖ Children with confirmation of a known chromosomal etiology of NDDs  

3.5. Data collection  

3.5.1. Data Collection tool 

To achieve the objectives of the study, we designed a data collection tool that includes demographic in-

formation, prenatal and neonatal history, personal and family medical history, detailed physical examina-

tion, and types of NDDs. 

3.5.2. Data collection procedure 

The data collection began with my presentation to the participants and explaining them the purpose of 

the study. Participants or their parents signed the consent form, and the samples were collected at CHUK 

and NNPTH.  

3.6 Laboratory methods and analysis  

3.6.1 Genomic DNA extraction and quantification 

Genomic DNA was isolated from whole blood samples using the QIAamp® DNA Blood Midi Kit. About 

2 mL of whole blood was used. DNA quantification was performed to ensure optimal genomic DNA input 

(20ng/µL).  After DNA extraction and quantification each sample was aliquoted into two portions; one 

portion was sent to University of Liege for FMR1 gene analysis and the remaining was kept as backup. 

3.6.2 DNA methylation 

The next step was methylation-sensitive PCR, a technique that uses a methylation-sensitive restriction 

enzyme (HpaII) to facilitate enzymatic digestion of genomic DNA. First, a mix control containing a 
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digestion control and a CGG size control was combined with genomic DNA, and then,  each sample 

passed through two distinct enzymatic restriction digestions (methylation sensitive and insensitive) in 

parallel (QIAGEN, 2015). 

3.6.3 Amplification of DNA sequences 

The principle of the AmplideX mPCR FMR1 kit is based on amplification by using two sets of primers: 

one labeled with the FAM fluorophore for standard CGG repeat analysis (Forward primer: 

5’CGCCATTTTTGCCTCAACCA3’& Reverse primer: 5’ACAGCTCGTCACTGTTCTGG3’) and an-

other labeled with the HEX fluorophore for methylation-specific PCR (Forward primer:5’AAAGCGA-

GACTGAGTGGTGG3’ & Reverse primer:5’GATACAGCCCCAGCAGGTTT3’). After PCR amplifi-

cation of the FMR1 gene, the PCR products are loaded onto a capillary electrophoresis on the 3500 Genetic 

Analyzer. Undigested DNA fragments labeled with FAM were identified in the FAM channel and served 

to assess the CGG repeat number. The HEX-labeled PCR products, representing digested DNA treated 

with methylation-sensitive restriction enzymes, were detected in the HEX channel and used to assess the 

methylation status of the FMR1 gene (Ana, 2021). 

3.6.4 Data analysis 

 

The Amplidex mPCR Kit, the ABI 3500 Genetic Analyzer, and Gene Mapper software were used to 

conduct molecular analysis of FMR1 CGG repeats expansion and to evaluate methylation status. 

Gene Mapper software, which provides accurate fragment sizing and fluorescence quantification, was 

used to analyze peak data. After normalizing using the corresponding reference peak within the same 

channel, the ratio of peak heights measured in Relative Fluorescence Units of the digested sample (HEX 

channel) to the undigested sample (FAM channel) was calculated to determine the methylation status. 
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Figure 2: Electropherogram report for Fragile X syndrome 

Electropherogram report for Fragile X syndrome and methylation analysis by mPCR kit using ABI 3500 

Genetic Analyzer and Gene Mapper software. FAM-labeled PCR products indicate the presence of un-

methylated DNA, whereas HEX-labeled PCR products correspond to methylated DNA. DIC: Digestion 

control, REF: Reference peak, NOR: normal, PM: Pre-mutation and FM: Full Mutation 

 

Methylation status calculation 

 

%Mei: Percentage of methylation 

Peaki: The fluorescence intensity (RFU) of the target allele peak 

Peak REF: The fluorescence intensity of the reference peak 

HEX: Digested DNA channel, indicating methylated alleles. 

FAM: Undigested DNA channel, indicating total allele presence 

FAM Labeled PCR 

products 

Full mutation 

peak 

HEX Labeled PCR 

product 

Pre mutation peak 

Normal Peak 
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Methylation Status Interpretation 

Methylation status Methylation percent-

age 

Interpretation 

Unmethylated ≤20% No methylation abnormality detected 

Partial methylation 20 – 80% No methylation abnormality detected 

Complete methylation ≥80% presence of a methylation abnormality 

 

3.7 Data Entry and Statistical Analysis 

Data were cleaned using Excel and then imported in SPSS v25 for further statistical analysis. Descriptive 

statistics were used to summarize the prevalence of CGG repeats and categorize them into normal, inter-

mediate, premutation, or FM.  Chi-square and Fisher’s exact tests were used to assess associations between 

molecular results and clinical features. 

3.8 Ethical Considerations 

3.8.1 Ethical approval 

The research was carried out in strict compliance with the ethical standards of the Declaration of Helsinki, 

which provides the international framework for conducting research involving human subjects. Before the 

study began, I received ethical approval No 298/CMHS IRB/2023 from the Institutional Review Board of 

the College of Medicine and Health Sciences (CMHS) and No EC/CHUK/1/171/2023, 

045/NNPTH/EC/2023 from CHUK and NNPTH hospitals. At the hospital, I explained clearly to the  

participants the aim of the study, procedures, potential risks and benefits, and their right to withdraw at 

any time without any inconvenience. Consent to participate in the study was signed by the parents or legal 

guardians  

3.8.2 Confidentiality 

Data were anonymized by a code number corresponding to identification and stored securely on a personal 

password-protected computer.  
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CHAPTER IV: RESULTS AND DISCUSSION 

This chapter presents the findings of our study according to the research objectives. The results are pre-

sented in figures and tables. 

The demographic distribution of the 30 children recruited for molecular analysis of FMR1 CGG repeat 

expansions and methylation status. The males were predominant (70%), with most children (46.7%) aged 

between 2 and 5 years. Most of the children had autism spectrum disorder (ASD) (70%), followed by 

Global Developmental Delay (16.7%), Intellectual Disability (ID) (10%), and a combination of both ASD 

and ID (3.3%). 

Table 1:  Demographic characteristics of the study participants 

Variables Frequency(n) Percentage (%) 

Gender   
Female 9 30 

Male 21 70 

Age   
2-5 14 46.7 

6-11 10 33.3 

12-18 6 20 

Type of neurodevelopmental disorder   
Intellectual Disability 3 10 

Autism Spectrum Disorder 21 70 

Global Developmental Disorder 5                16.7 

Autism Spectrum Disorder and Intellectual Disability 1 3.3 
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By using SPSS, we found that most of the patients were normal at 90% with CGG repeats ranging 5-44; 

10% were positive with greater than 200 CGG repeats  

 

 

 

 

 

 

 

 

 

 

Figure 3: CGG repeat distribution among Rwandan children with neurodevelopmental  

                 Disorders 

By analyzing the prevalence of FXS among tested participants out of the 30 children, 3 cases (10%) were 

identified as positive for full mutation (FM) with CGG repeats exceeding 200, while the remaining 27 

children (90%) exhibited normal CGG repeat counts ranging from 5 to 44 

Table 2: Prevalence of Fragile X Syndrome  

  Positive for FXS Negative for FXS 

Total Gender Full-Mutation Normal 

Female 0 9(30%) 9(29%) 

Male 3(10%) 18(60%) 21(71%) 

Total 3(10%) 27(90%) 30(100%) 
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With the ABI 3500 Genetic Analyzer, capillary electrophoresis produced distinct electropherogram peaks 

that matched fragment sizes and allele calls. Successful amplification and precise sizing were validated 

by the CGG repeat region, and the fluorescence intensity supported dependable detection (Figure 4).  

 

Figure 4: Electropherogram for full mutated patient 

Electropherogram representing control peaks both for digestion and for Reference and full mutation 

peak in both FAM and Hex channel confirming full mutation for FXS. 
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The table presents the distribution and prevalence of FXS genotypes among male and female partici-

pants. Normal alleles were the most frequent, while full mutations were detected in 10% of males. The 

majority of cases (90%) fell within the normal CGG repeat. 

Table 3: Prevalence of Fragile X syndrome Genotype 

Gender  Allele type 

Fre-

quency(n) 

Prevalence 

(%) 

Male Normal 18 60 

  Full mutation 3 10 

Female Normal heterozygous 2 6.7 

 Normal Homozygous 7 23.3 

 Full mutation 0 0 

CGG repeats 

categories 
Normal CGG repeats (5 – 44 repeats) 

27 90 

 

Gray or Intermediate zone (45 – 54 re-

peats) 0 0 

 Pre-mutation (55 – 200 repeats) 0 0 

  Full Mutation (> 200 repeats) 3 10 

 

Clinical characteristics of the male children with FM were identified. It was noted that they presented with 

macroorchidism (33%), speech delay (33%), prominent ear (67%) and long face (100%). Furthermore, 

mental retardation was moderate in two of them (67%) but severe in the third patient (33%). 

Table 4: Major clinical characteristics of Male Children with FXS 

Category Clinical Features Prevalence% 

Physical Macroorchidism 33% 

 Long face 100% 

 Prominent ear 67% 

 Speech delay 33% 

Severity of mental retarda-

tion Moderate 67% 

  Severe 33% 
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Among the Fragile X syndrome Patients with FM, the methylation status was investigated. It was noted 

that all of them had complete methylation, being above 80%  

Table 5: Methylation status of full-mutated children 

Patients ID 

methylation 

percentage Interpretation 

Patient1 124% Complete methylation 

Patient2 125% Complete methylation 

Patient3 97% Complete methylation 

 

Lastly, the carrier status of the mothers of FXS children with FM was investigated by studying the two 

peaks (normal and pre-mutated alleles) in both FAM and Hex channels (Figure 5). It was observed that 

two mothers, including one with two children affected by FXS tested positive for FXS premutation status, 

confirming maternal transmission.  

Table 6: Identification of carrier mothers 

Patient ID 

CGG re-

peats Diagnosis 

Mother test-

ing 

Carrier sta-

tus 

Patient1 
>200 

Fragile x syn-

drome Yes Premutation 

Patient2 
>200 

Fragile syn-

drome Yes Premutation 

Patient3 
>200 

Fragile x syn-

drome Yes Premutation 
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Electropherogram showing fluorescence peaks from FAM and HEX channels, indicating fragment sizes 

and signal intensities for CGG repeat analysis (Figure 5). 

 

 

Figure 5: Electropherogram for pre-mutated mother 

Electropherogram representing carrier mother with two peaks (normal and pre mutated allele in both 

FAM and Hex channel confirming carrier status. 
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CHAPTER IV: DISCUSSION 

 Fragile X Syndrome constitutes the most prevalent inherited etiology of mild to severe intellectual disa-

bility and is recognized as the foremost monogenic cause of autism spectrum disorder, it caused by the 

expansion of a DNA segment (CGG repeats) within the Fragile X Messenger Ribonucleoprotein 1 gene, 

leading to a silencing of the gene and hindering the synthesis of the FMRP protein, which is essential for 

brain development, this insufficiency of Fragile X Mental Retardation Protein interrupts the normal de-

velopment and functioning nervous system, result in different disorder like Autism Spectrum Disorder, 

Intellectual Disability, and Global Developmental Delay. This study aimed to identify children with FXS, 

determine their methylation status, and explore the clinical and demographic characteristics of affected 

children. This research uncovered the existence of FXS in Rwandan children with Neurodevelopmental 

Disorders and emphasized the crucial role of molecular diagnostics for early identification and precise 

categorization. The identification of maternal carrier status underscores the importance of implementing 

family-centered genetic testing and counseling strategies. 

In the present study, the prevalence was 10% male children who were diagnosed with Fragile X Syndrome, 

all exhibiting full methylation (>80%) of the Fragile X Messenger Ribonucleoprotein 1 gene indicative of 

full mutation. Moreover, two carrier mothers were identified with mosaicism, presenting both normal and 

premutation CGG repeat alleles, these findings are comparable to global data, except slight differences in 

prevalence rates. A study done in South Africa reported a prevalence of FXS in males with intellectual 

disability at approximately 2.5%. another substantial retrospective population study crossing two decades 

and involving more than 2,000 individuals with intellectual disabilities in urban South Africa revealed 

that the prevalence rate of FXS among African participants was 5.2%(Mbachu et al., 2024). A different 

population study focusing on intellectually disabled adolescent and adult males in institutions in rural 

South Africa found a  prevalence rate of 6.1% for FXS among the participants examined (Goldman et al., 

1997). 

Our report regarding the methylation status of the Fragile X Messenger Ribonucleoprotein 1 gene in chil-

dren with Fragile X syndrome showed that all three confirmed cases exhibited complete methylation, with 

percentages between 97% and 125%. This indicates transcriptional silencing of the Fragile X Messenger 

Ribonucleoprotein 1 gene and aligns with classical Fragile X Syndrome pathology. The methylation pro-

file was consistent for both genetic and epigenetic in contrast with other reported studies they are varia-

bility in Fragile X Messenger Ribonucleoprotein 1 alleles. Patients with FXS and methylation mosaicism 
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exhibit a milder intellectual disability, higher Intelligence Quotient and adaptive behavior, compared to 

those with completely methylated Full Mutation. The  mosaic males with unmethylated FMR1 and  Full 

Mutation alleles do not exhibit behavioral phenotypes because smaller alleles are responsible for produc-

ing the FMR1 protein while those individuals have elevated risk of developing Fragile X-associated 

tremor/ataxia syndrome (Annear & Frank Kooy, 2023). 

The association between Fragile X Syndrome and neurodevelopmental disorders including Autism Spec-

trum Disorder, Intellectual Disability, and Global Developmental Delay is attributable to the underlying 

molecular pathogenesis of the FMR1 gene. Fragile X Syndrome is predominantly caused by an expansion 

of the CGG trinucleotide repeat exceeding 200 copies within the 5′ untranslated region (5′ UTR) of the 

FMR1 gene, which is located on the Xq27.3 locus of the X chromosome. The expansion of CGG repeats 

lead to hypermethylation and transcriptional silencing, this result in the absence or severe reduction of 

Fragile X Mental Retardation Protein (FMRP), which is crucial in neurodevelopment (Razak et al., 2020). 

FXS is the most prevalent known inherited single gene disorder with an estimated 1% to 6% of ASD 

cases. Autism Spectrum Disorder is defined by deficits in social interaction and communication, accom-

panied by restricted, repetitive behaviors, interests, or activities. Our findings  showed that among identi-

fied  3 cases of fragile X syndrome, 66% were having Autism Spectrum Disorder which is quit similar 

with  the study done using the gold standard criteria for diagnosing autism, the study were  involved males  

and females with FXS and  found that 30% to 54% and 16% to 20%  met the diagnostic criteria for autism 

through direct assessment respectively (Clifford et al., 2007). 

Fragile X Mental Retardation Protein (FMRP), an RNA-binding protein, modulates the translation of hun-

dreds of mRNAs that play roles in synaptic development, plasticity, and neuronal signaling. Its reduction 

or absence compromise several crucial molecular pathways including glutamatergic and GABAergic sig-

naling, resulting in a disruption of excitatory and inhibitory neurotransmission, a hallmark of autism spec-

trum disorder and other Neurodevelopmental Disorders. The deficiency of FMRP alters dendritic spine 

architecture, leading to the presence of elongated, immature spines. These structural abnormalities com-

promise synaptic connectivity and neural signaling, thereby contributing to Intellectual Disability and 

Global Developmental Delay (Hagerman et al., 2009; Razak et al., 2020). 

Furthermore, Fragile X Syndrome (FXS) is classified as a syndromic subtype of autism spectrum disorder 

(ASD), with approximately 60% of affected males and 20% of affected females meeting established 
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diagnostic criteria for ASD. People with FXS frequently show heightened anxiety, sensitivity to sensory 

stimuli, repetitive actions, and difficulties with social communication a key characteristic of ASD. The 

similarity in observable traits highlights common molecular processes, especially the disruption of FMRP-

related pathways like mGluR5 signaling, which are involved in both Fragile X Syndrome (FXS) and idi-

opathic autism (Annear & Frank Kooy, 2023). 

When looking on physical feature for identified FXS children most constant characteristic was a long face 

(100%), followed by prominent ears (67%), while macroorchidism and speech delay were observed in 

one third of the cases. Intellectual disability was moderate in 67% and severe in 33% of the affected males.  

In Japanese cohort reported similar physical features: long face and large ears were present in 71% of 

patients, All individuals exhibited behavioral disorders, with ASD diagnosed in 86%, indicating a com-

parable neurodevelopmental profile (Okazaki et al., 2021). 

3.10 Strengths and limitations of the study 

 3.10.1 Strengths 

This study was the first research to investigate the molecular characteristic of FXS in children with neu-

rodevelopmental disorders in Rwanda, addressing a significant effective diagnosis gap. The findings of 

the study will contribute in medical management, educational planning, genetic counseling and for im-

proving care for affected families and shaping future plan for early detection for fragile x syndrome. The 

strengths of the study also include no selection bias. 

3.10.2 Limitations 

This study was conducted using purposive sampling, with participants recruited from hospitals offering 

diagnostic services for neurodevelopmental disorders. While these clinical settings provided valuable in-

sights, the sample size was limited by the duration of the study. As a result, the small number of partici-

pants may not adequately reflect the genetic and clinical diversity of the broader Rwandan population. 

Limited availability of local molecular testing facilities may constitute outsourcing some laboratory anal-

yses, affecting cost and timely work. No other research was conducted on Fragile X Syndrome here in 

Rwanda, the literature resources in the region is very limited. 
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CHAPTER V: CONCLUSION AND RECOMMENDATION 

Molecular screening for FXS among Rwandan children presenting with NDDs confirmed three male pa-

tients harboring the full mutation of the FMR1 gene, all exhibiting complete methylation consistent with 

transcriptional silencing. Additionally, two carrier mothers were identified. These findings underscore the 

diagnostic utility of FXS testing in children with NDDs and highlight the critical importance of integrating 

genetic counseling into routine clinical practice. 

We recommend that future research involve larger cohorts and screen all children with NDDs of unknown 

genetic origin. Such studies should include both female patients and extended family members to enhance 

understanding of genotype phenotype correlations and inheritance patterns. Furthermore, efforts should 

focus on strengthening molecular diagnostic infrastructure, increasing awareness, and providing targeted 

training for healthcare providers and families to reduce diagnostic delays and optimize clinical manage-

ment and support for affected individuals. 
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