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ABSTRACT

BACKGROUND: Fragile x syndrome (FXS) is an X LINKED DOMINANT genetic disorder located at
chromosome Xg27.3 caused by a mutation in the fragile X messenger ribonucleoprotein 1 (FMR1) gene and
known to be a leading cause of inherited intellectual disability. It is due to expansion of CGG repeat
sequence in the 5’-UTR of the FMR1 gene. The FMR1 gene product, FMRP is a selective RNA binding

protein that negatively regulates local protein synthesis in neuronal dendrites.

OBJECTIVES: The aim of this study is to assess the presence of FMR1gene mutations in individuals and to
estimate the carrier frequency of FMR1 among individuals who attended the Genetics OPD at LN hospital,

New Delhi in a North Indian cohort.

METHODS: FXS screening was offered to individuals of different age groups visiting the hospital.
Genomic DNA was extracted from all the samples and were further analyzed by using the molecular
techniques, polymerase chain reaction (PCR), CarrierMax™ FMR1 Reagent Kit, 3500 Genetic analyzer and

results were interpreted by Gene Mapper™ Software and carrier max software.

RESULT: Atotal of 40 individuals were screened in this study. In this 39samples are normal and 1 individual

showed positive with an expanded CGG repeats. It is high in males as they have only one x chromosome.

CONCLUSION: The findings suggest a low prevalence of FMR1gene mutations. The single positive case

underscores the importance of genetic testing in diagnosing Fragile X syndrome, particularly with
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intellectual disabilities
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INTRODUCTION:

Fragile X syndrome (FXS), or Martin-Bell syndrome, is a non-Mendelian trinucleotide repeat disorder(1).
Fragile x syndrome is a genetic disorder caused by a mutation in FMR1gene (fragile x mental retardationl
gene) (2), it is located on x chromosome at Xg27.3. An X-linked condition occurs when just one altered copy
of the gene on the X chromosome is sufficient to result in the disorder. It is most common inherited cause of
intellectual disability and a significant genetic contributor to autism spectrum disorder. The syndrome results
from an expansion of CGG trinucleotide repeats in the FMR1 gene, leading to the silencing of the gene and a

subsequent deficiency in the fragile x mental retardation protein (FMRP).

The number of cytosine-guanine-guanine (CGG) repeats can be measured using polymerase chain reaction
(PCR). The methylation status can be detected through Southern blot analysis. There's no cure for the disease,
but catching it early can make a big difference. Prompt detection and timely treatment can significantly
enhance the well-being of patients and ease the burden on their families. It also helps them make more
informed decisions about the future, including family planning and reproductive choices (3,4) FMRP plays a
crucial role in synaptic development and neuronal communication, and its absence disrupts normal brain

function.

Approximately half of all cases of X-linked intellectual disability can be attributed to this condition, making
it the second most common cause of mental impairment after trisomy 21(4,6). Typical physical features may
include an elongated face with a prominent forehead and jawline, flexible fingers, and large, noticeable ears.
After puberty, males might develop enlarged testicles. About one-third of affected children exhibit features of
autism and experience delayed speech from an early age. Hyperactivity and seizures are quite common as
well (5,6).

FXS affects individual across genders, though males are generally more severely impacted due to their single
x chromosome. Some of the other conditions for x linked includes parental carrier status, random x
inactivation- in females one of the two X chromosomes is randomly inactivated in each cell. If the mutated
gene is on the x chromosome, the female will be effected. The other condition includes genetic mutation.
Clinical features include intellectual impairment, learning disabilities, behavioral challenges such as
hyperactivity, anxiety, and social difficulties, along with distinct physical characteristics like an elongated
face, long ears, and flexible joints. Females with fragile x syndrome can show mild symptoms as they have

second unaffected x chromosome.
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The prevalence of FXS is estimated to be about 1 in 4000 males and 1 in 8000 females globally (7), although
many cases remain underdiagnosed or misdiagnosed due to the variability in clinical presentation. Advances
in genetic testing have enhanced the ability to diagnose FXS, allowing for early intervention strategies that
can improve developmental and behavioral outcomes. Women who carry genes for X-linked dominant
conditions have a 50% likelihood of transmitting the altered gene to their offspring. As it is seen mostly in
males due to single x chromosome and it cannot pass to generations.

Figurel: FRAGILE X SYNDROME (8)

About FMR1 gene- FMR refers to fragile x mental retardation 1 gene located on x chromosome and plays a
crucial role in brain development and this gene provides instructions for making a protein called FMRP
which is essential for the normal development of synapses, the connection between he nerve cells in the

brain. Fmrlgene contains a CGG repeat expansion (repetition of DNA sequence cytosine -guanine-guanine).
The sequence repeats 5 to 44 times but in fragile x it takes 200 copies and it leads to methylation, stops
expression of fmrl gene hence insufficient FMRP leads to brain disruption. It leads to anticipation; it is

passed down through generation and can increase the CGG repeats in successive generation.
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Figure 2: LOCATION OF THE FMR 1 GENE (9)
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In fragile X syndrome, the expansion of repeats happens within the CGG segment of the FMR1 gene.
NORMAL: 5 TO 44 CGG REPEATS

INTERMEDIATE: 45 TO 54 REPEATS also known as gray zone FULL MUTATION: MORE THAN 200
REPEATS.

PREMUTATION: specific type of genetic variation that is associated with an increased risk of expanding to
a full mutation. In FMR women experienced with fragile x associated primary ovarian insufficiency (FXPOI)
leading to early menopause and fragile x associated premutation experience FXPOI. One significant risk
factor is the size of the premutation repeat. Women carrying premutation alleles within the range of 80-100
CGG repeats are most vulnerable to ovarian dysfunction, whereas those with alleles surpassing 100 repeats
do not face the highest risk. A male with the Fragile X premutation will pass his premutation (as a

premutation, not a full mutation) on to all of his daughters and none of his sons (10).

CGGCGGCGGCGGLCGGLCGGLGGLGE
CGG Repeat

EXON 1 —

Noriial ““’ <40 CGG repeats

Premutation “““““ ~180 CGG repeats
Mutation ““““’““““’“ >200 CGG repeats

Figure 3: CGG REPEAT EXPANSION (11)

GENETIC SCREENING:

Genetic screening typically involves testing large groups of individuals to detect gene products or resulting
metabolites, with the goal of identifying disorders caused by mutant genes Genetic screening aims to find
changes in our genes to help identify potential health risks. By doing this, it allows us to take preventive
actions and explore early treatment options to keep us healthier for longer (12).Carrier screening identifies
altered genes associated with certain disorders and diseases. Among these are cystic fibrosis, a condition
impacting breathing and digestion, and fragile X syndrome, a leading cause of inherited intellectual disability
(12).Prenatal testing can be offered to expectant mothers to assess whether their unborn child may have a
genetic condition or birth defect. This testing can help in considering various options for the pregnancy or in
planning specific management strategies for the pregnancy and delivery, aiming to enhance the baby's overall

outlook (13).There are several screening tests like amniocentesis, chorionic villus sampling.
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By chance of women had a history of particular disease then women regardless of age can be tested during
pregnancy. Carrier screening is a genetic test that helps you determine if you carry genes for specific genetic
disorders. By doing this test before or during pregnancy, you can understand the likelihood of passing on a
genetic disorder to your child (14).Carrier screening for a specific condition typically needs to be conducted

only once in a person’s lifetime, and the results should be recorded in the patient's health records (15).

MODE OF INHERITANCE:

IT IS AN X LINKED. X-linked inheritance pertains to the transmission of genes located on the X
chromosome. An X-linked condition arises when a pathogenic variant in a gene on the X chromosome results
in disease. Females possess two X chromosomes (XX), whereas males have one X and one Y chromosome
(XY). This distinction is crucial when considering X-linked inheritance. Since males have only one copy of
each X chromosome gene, carrying the variant means they will exhibit the condition. Fathers will always pass
their X chromosome to daughters and their Y chromosome to sons. Females, with their two X chromosomes,
can be carriers of the pathogenic variant along with a second non-pathogenic (or ‘wild type’) gene copy.
Therefore, female carriers are typically not affected by X-linked recessive conditions or are affected only

mildly. They can pass either of their X chromosomes to their children (16).

X-Linked Inheritance in
Fragile X Syndrome
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Figure 4: Pattern of x linked inheritance (17)
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INHERITANCE OF FRAGILE X SYNDROME:

FXS is caused by a variant in fmrl gene which is responsible for FMRP protein. This protein helps in brain
development. Genes are present on chromosomes, each person has 23 pairs of chromosomes and from each
parent mother and father 23 chromosomes are passed to the child. 23 pair chromosomes are sex
chromosomes. These chromosomes decide whether the child is male (XY) or female (XX) (18). FXSisan X-
linked dominant condition. Men carry a single copy of the FMR1 gene, as they possess one X chromosome
and one Y chromosome. Women, however, have two copies of the FMR1 gene, with one located on each of

their X chromosomes.

A women carrying the FMR1 gene has an equal probability, or 50% of passing it on to her children,
regardless of their gender. This is due to the fact that she transfers one copy of the x chromosome with each
pregnancy. A man with FMR1 full mutations will pass it to all of his daughters but not to his sons, because
girls get his X chromosome and boys get his Y chromosome. People who have an intermediate number of
repeats do not have FXS and are not at risk for having children with FXS. However, they might have a slightly
higher chance of having some symptoms related to other fragile X-associated disorders and may pass the
slightly higher chance of having these disorders to their children. The inheritance pattern is complicated in
premutation cases. People who have 55 to 200 repeats do not have FXS but they might have, or may later
develop, other fragile X-associated disorders (19).To know the inheritance, in the FMR1 gene where the
DNA pattern of CGG (cytosine guanine guanine) is repeated. Different people have different numbers of these
CGG repeats, normal people have fewer than 45 repeats. People with FXS nearly always have more than 200
repeats. Having more than 200 repeats causes the FMR1 gene to be silenced, so it can't make FMRP (the
protein made by the FMR1 gene). Hence no production of FMRP protein the person has FXS. A diagnosis of a
premutation carrier is confirmed when there are between 55-200 repeats (‘‘premutation”), in which the gene
produces protein, however the precursors to the protein, called mRNA, are produced in excess. The excess of
mMRNA can cause medical and psychological symptoms in premutation carriers. Premutation carriers may
transmit either the full mutation or the premutation to their children. A diagnosis of intermediate/grey-zone
occurs when there is 45-55 CGG repeats and the gene is less stable. Due to males having one X and one Y
chromosome, and females having two X-chromosomes, females tend to be less affected with Fragile X due to
the presence of the second X-chromosome, which is often able to continue to produce some FMRP protein
(20).
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Figure 5: pedigree showing inheritance of FMR (20)

Mosaicism

Mosaicism refers to cases where individuals have both full mutation and premutation copies. Mosaicism can
result from instability in the CGG repeats, and affected individuals may show classic symptoms, although

some evidence suggests higher intellectual abilities compared to those with a full mutation (21).

Three possible types of methylation mosaicism at FMR1:

A) Mosaicism among cells @ transcription
(epialleles) 6
B) Mosaicism among sites transcription?
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Figure 6: showing 3 possible types of methylation (22)

OBJECTIVES:

To assess the presence of FMR1gene mutations in individuals and to estimate the carrier frequency of FMR1
among individuals who attended the Genetics OPD at LN hospital, New Delhi in a North Indian cohort. By

using fragment analysis we diagnose the carrier frequency of fragile x syndrome.

IJCRT2505988 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | 623


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 5 May 2025 | ISSN: 2320-2882

MATERIALS AND METHODS

A total of 40 patients from department of medical genetics in the Lok Nayak Hospital, New Delhi were
enrolled in the study. The samples were collected in the genetic lab. Peripheral blood samples are collected
from the patients and genomic DNA was extracted from the white blood cells and followed by PCR

(polymerase chain reaction) and Fragment Analysis.

MOLECULAR STUDIES: Genomic DNA isolation from human whole blood samples (salting out method).
The DNA was isolated from the samples of all the patients and control subjects by the Salting out method or
perchlorate chloroform method. Quantification is done by the instrument Qubit® dsDNA HS (High
Sensitivity) Assay Kit. The Qubit® dsDNA HS (High Sensitivity) Assay Kits make DNA quantitation easy
and accurate. The Kits include concentrated assay reagent, dilution buffer, and prediluted DNA standards.
Simply dilute the reagent using the buffer provided, add your sample (any volume from 1-20 uL is
acceptable), then read the concentration using the Qubit® Fluorometer. The assay is highly selective for
double-stranded DNA (dsDNA) over RNA and is accurate for initial sample concentrations from 10 mg/pL to
100 ng/pL. The assay is performed at room temperature, and the signal is stable for 3 hours. Common
contaminants such as salts, free nucleotides, solvents, detergents, or protein are well tolerated in the assay
(23).

For fragment analysis using the 3500/3500xL or SeqStudio™ Genetic Analyzer, PCR products are diluted
appropriately—1:40 (full-length) and 1:15 (repeat primer) for the 3500/3500xL, and 1:25 (full-length) and
1:5 (repeat primer) for SeqStudio™—before capillary electrophoresis. A mixture of Hi-Di™ Formamide and
CarrierMax™ FMR1 Reagent QD1200 Size Standard is prepared, vortexed, and centrifuged. Each reaction
well receives 9 pL of this mix and 1 pL of diluted PCR product before sealing with adhesive film, vortexing,
and brief centrifugation to remove air bubbles. DNA fragments are then denatured by heating to 95°C for 3
minutes and cooling on ice for 3 minutes. The reaction plate is covered with a septa, secured with a retainer
and base, and loaded onto the genetic analyzer for capillary electrophoresis according to instrument

guidelines.
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RESULTS & DISCUSSION

The present study comprised of 40 patients of which 10 female and 30 male individuals of all age groups.
More number of males are observed in the sample studied. The prevalence is very low as 1 individual

predicted as positive and 2 individuals as intermediate and 1 with pre mutation.
TABLE:1

Individuals list and the result of the sample by using fragment analysis

S.no Age Sex Result

1 4 yrs Male Normal
2 3 yrs Male Normal
3 4 yrs Male Normal
4 10 yrs Male Normal
5 12 yrs Male Normal
6 6 yrs Male Normal
7 8 yrs Male Normal
3 5 yrs Male Normal
0 11 yrs Male Normal
10 5 yrs Male Normal
11 7 yrs Male Normal
12 10 yrs Male Normal
13 6 yrs Male Normal
14 28 yrs Male Normal
15 12 yrs Male Normal
16 O yrs Male Normal
17 21 yrs Male Normal
18 24 yrs Male Normal
19 5 yrs Male Normal
20 2 yrs Male Normal
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21 12 yrs Male Normal

22 O yrs MALE POSITIVE

23 34 yrs Female Normal

24 14 yrs Female Normal

25 43 yrs Female Normal

26 17 yrs Female Normal

27 43 yrs Female Normal

28 17 yrs Female Normal

29 31 yrs Female Normal

30 13 yrs Male Normal

31 33 yrs Female Normal

32 14 yrs Male Normal

33 12 yrs FEMALE PREMUTATION
34 O yrs Male Normal

35 3 yrs Male Normal

36 7 yrs Male Normal

37 11 yrs MALE INTERMEDIATE
38 8 yrs male Normal

39 12 yrs male Normal

40 7 yrs MALE PREMUTATION

prevalence of fmr gene in the
study

3%

B normal

H positive

Figure 7: chart showing the prevalence of the study
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Figure 8: Final results

RESULTS

NORMAL
50%

" FULLMUTATION ™ INTERMEDIATE™ PREMUTATION

In this study we have used Fragment analysis to detect the FMR1 mutation by observing CGG repeats. We
included all age groups and we perform carrier screening.

The current distribution of FMRL1 alleles indicates that most common alleles in this study are 29 and 30
CGG repeats. Previous studies have indicated that the most common alleles vary of few repeats in different
populations including 28 CGG repeats (24), 29 CGG repeats in Taiwan (25), 30 CGG (26) repeats, 29 and
30 CGG repeats in Spain (27) and 29 CGG repeats in Chinese population (28). However it should be noted
that small differences among studies (1-2 CGG repeats) may be a consequence of experimental errors in

various labs in the absence of single repeat precision and sequenced CGG standards.

The important outcome in this study is that the frequency of premutation alleles is 2:40, the frequency of
intermediate alleles is 1:40 and the frequency of full mutation alleles is 1:40. Males having more chance of

getting mutation compared to females and the frequency of males is 30:40.

In the current study the repeat expansion for premutation is more than 75 for one male child and one female
child, one child with full mutation having more than 200 repeat expansion. this leads to loss of protein and

have mental retardation autistic behaviours etc.

Genetic screening helps in early detection of the fragile X syndrome this screening would provide parents the
opportunity to learn about their child’s fragile X status and their own reproductive risk, in addition to other
likely benefits provided by accessing early intervention programs, which have been shown to positively

influence child development and provide support to families of children with fragile X syndrome.
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Conclusion:

Fragile x syndrome (FXS) is a genetic disorder caused by a mutation in the FMR1 gene on the X
chromosome. As the most common inherited cause of intellectual disability and a notable contributor to
autism spectrum disorders, FXS has profound implications on affected individuals. The expansion of CGG
trinucleotide repeats in the FMR1 gene leads to its silencing and results in a deficiency of the fragile X
mental retardation protein (FMRP), which is crucial for normal brain function. The variability in clinical
presentation, including intellectual impairment, learning disabilities, behavioral challenges, and distinct
physical characteristics, underscores the importance of early diagnosis and intervention. In conclusion, the
present study contributes to our understanding of fragile x syndrome, particularly the fmrl gene in the
hospital. The study findings shed light on the complex interplay of genetic, and clinical factors in FMR1
Gene susceptibility and underscore the importance of comprehensive approaches in elucidating the disease's

etiology and progression.

The observed age distribution within the FXS cohort, with a notable concentration of affected individuals in
the 2 to 12 years age group, highlights the relevance of age-specific considerations in disease epidemiology
and risk assessment. The prevalence of FXS is more in males compared to females. As there is no cure for
this disease early diagnosis can be done so that we can prevent. Genetic screening for Fragile X syndrome is
a critical tool in the early diagnosis and management of this condition. By facilitating early intervention,
informed decision-making, and ongoing research, genetic screening can significantly improve outcomes for
individuals with FXS and their families. A comprehensive approach, including awareness, education, and

ethical considerations, is essential to effectively address the challenges posed by FXS.

Early intervention programs, such as speech therapy, occupational therapy, and specialized educational
plans, can address specific needs and help mitigate some of the challenges associated with FXS.
Furthermore, genetic screening enables families to make informed decisions about family planning and

reproductive choices, thereby reducing the risk of passing the mutated gene to future generations.
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