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ABSTRACT
Introduction: The frequency of the premutation alleles of the FMR1 gene varies from 
1:100 to 1:260 Israeli, Canadian, Finnish and American women, but it is unknown 
in Brazil. Premutation carriers may have reduced reproductive age and are at risk 
of transmitting the expanded allele to their offspring, and consequently fragile X 
syndrome. Objective: To observe the distribution range of the FMR1 gene alleles in 
a population of women with idiopathic infertility, without symptoms of premature 
ovarian insufficiency. Methods: The presence of premutation in FMR1 was assessed 
by conventional PCR, agarose, and acrylamide gel and analysis of fragments in 
capillary electrophoresis. Lymphocyte DNA obtained from 283 women undergoing 
infertility treatment was analyzed. Results: 169 patients had the normal heterozygous 
allele (59.7%), 114 had the normal homozygous allele (40.6%) and no patient had the 
premutation. Premature ovarian insufficiency is seen in 20 to 30% of women with 
the permutated allele. Thus, the condition can be asymptomatic in a large part of the 
premutation carriers. Brazil has a diverse population and, therefore, the allele frequencies 
of many gene variants are unknown. Previous Brazilian studies have shown a low 
frequency of the premutation allele in different patient cohorts. Corroborating these 
articles, the results demonstrated that the frequency of the premutation allele is low in 
the infertile women population studied. Conclusion: Tracking the size of the FMR1 
gene alleles allows the expansion of knowledge about the frequency of risk alleles 
associated with genetic diseases in the Brazilian population.
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INTRODUCTION
The FMR1 (Fragile X messenger ribonucleoprotein 1) gene is located on the long 

arm of the X chromosome, at Xq27.3, where it encodes at least 12 different types of 
mRNA, originating from the alternative splicing method, with expression in several tis-
sues, especially in the brain, testis, ovaries, and epithelium. The protein resulting from 
the expression of this gene is called FMRP (Fragile X messenger ribonucleoprotein 1)1.

In 1991, an unstable and expansive CGG trinucleotide sequence was identified in 
the untranslated region (5’UTR) of the FMR1 gene, resulting in variations in gene 
size, classified into three allelic classes2. The normal allele has between 6-54 CGG 
trinucleotide repeats, with normal FMRP production and the individual’s phenotype 
is normal3. An intermediate-range of repeats, between 41 and 54 CGG, is described as 
the gray zone. Although this range is within the normal range, some studies point out 
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that this region may increase over generations, possibly evolving 
into premutation2,3.

Alleles with more than 200 repeats, known as full mutations, 
determine the Fragile X Syndrome, the main genetic cause of in-
tellectual disability in boys4,5 and originate, in general, from moth-
ers carrying the premutation or the full mutation. In the presence 
of the complete mutation, FMR1 gene inactivation occurs due to 
methylation of the gene promoter region and, consequently, the 
absence of FMRP6.

Premutation is considered to be the range of alleles between 55-
200 repeats of CGG1. These alleles are unstable and can expand to 
full mutation when transmitted by a female. The risk of expansion 
to a full mutation in the next generation is directly related to the 
size of the repeats and the absence of the AUG sequence in pre-
mutations. In general, an altered phenotype is not observed in the 
premutation range4.

Female carriers of the premutation may experience symptoms 
such as premature ovarian insufficiency (POI), before the age of 
407, fragile x-associated tremor and ataxia syndrome (FXTAS), 
after the age of 508, thyroid disease, hypertension, dizziness, pe-
ripheral neuropathy, and fibromyalgia9, as well as menopause-
related symptoms such as cardiovascular disease and reduced 
life expectancy10.

Researchers suggest that POI represents a continuum of ovar-
ian conditions. Such conditions begin with an “occult” clinical 
case, where in some cases reduced fertility is seen, but normal 
follicle-stimulating hormone (FSH) levels and regular menstrual 
cycle, followed by a “biochemical” stage, where fertility is indeed 
reduced, followed by high FSH levels, but regular menstrual cycle. 
The last stage, “open”, approximates premature ovarian insuffi-
ciency, although with irregular menstruation11. Therefore, among 
the infertile patients selected for the research, cases of the hidden 
clinical stage could be found, in other words, still without climac-
teric or hormonal symptoms, but with a high risk of early meno-
pause and expansion of the premutation allele.

The study aimed to investigate the distribution of FMR1 gene 
alleles in women of reproductive age who sought the Ideia Fértil 
Institute with complaints of idiopathic infertility and to expand 
knowledge about the allele frequency in our population.

METHODS
The project was approved by the Research Ethics Committee of the 

Centro Universitário FMABC, registered under number 2.597.619.
Blood samples were collected from women of reproductive age, 

residents of Metropolitan area of São Paulo, who underwent as-
sisted reproduction treatment at the Ideia Fértil Institute and who 
met the inclusion criteria.

Inclusion criteria were age less than 40 years, no ovarian sur-
gery, chemotherapy or radiotherapy, normal hormone levels 

(including FSH), absence of thyroid alterations, absence of ovar-
ian alterations observed on transvaginal ultrasound, and absence 
of complaints of menstrual irregularity. The exclusion param-
eters: symptoms of premature ovarian insufficiency (high FSH 
levels and irregular menstruation), age over 40 years, primary or 
secondary amenorrhea, and karyotype alterations involving the 
X chromosome. Clinical data of the patients were obtained from 
medical records and a questionnaire answered by the patients.

To obtain DNA, 5 mL of peripheral blood was collected in a 
tube containing EDTA. DNA was extracted from the leukocytes 
present by the salting-out method12.

Determination of FMR1 allele size was performed by DNA 
amplification by Polymerase Chain Reaction (PCR), according to 
the protocol proposed by Tassone et al.13 This was followed by 3% 
agarose gel electrophoresis.

To estimate the number of CGG repetitions, from the size of 
the band obtained after electrophoresis, compared to a molecu-
lar weight marker and the control sample, the value of 221 bp 
(base pairs) that corresponds to the amplification of the non - re-
petitive region of the amplified DNA fragment was subtracted. 
The  value obtained was divided by three, corresponding to the 
three nitrogenous bases observed in the repetitive region (CGG). 
Therefore,  the final value corresponds to the number of repeats 
that the patient has, that is, the size of the alleles13. This methodol-
ogy was applied to all samples.

The PCR product from 61 samples showing a single allele on 
the agarose gel was applied to a 12% polyacrylamide gel (GE 
Healthcare GeneGel Excel 12.5/24 Kit - GE Healthcare Bio-
Sciences AB), using a heterozygous sample with two full-length 
alleles as a control14.

For the samples in which there was doubt about allele size, 
fragment analysis was performed using the FragilEase kit 
(PerkinElmer). Then purification of the PCR product was per-
formed using the Pure Link® kit The purified PCR product was 
placed in an Applied Biosystem 3500 Genetic Analyzer sequencer, 
which used the 3500 Series Data, Collection Software 3, proper-
ly configured, to analyze the number of FMR1 gene fragments. 
The results were analyzed using the FraXsoft, software, available 
for download from PerkinElmer.

RESULTS
Twenty-four new blood samples were collected from patients 

who met the inclusion criteria and had their DNA extracted. 
The remaining 259 samples used in this research came from the 
Biobank of the Ideia Fértil Institute (Biobank Register CONEP 
B-061-Process No. 25000.091276/2016-95). Of these, there was no 
amplification for sixteen samples.

After performing the amplification techniques and briefly 
compiling the results, the allele size of FMR1, present in 283 
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analytes, was determined. The results are available in Table 1. 
The mean age among the selected patients was 32 years (Standard 
deviation = 3.56).

DISCUSSION
The FMR1 gene is a gene transcription factor, expressed pri-

marily in the brain. This gene has a CGG trinucleotide repeat re-
gion, which can vary in size between individuals and is subject to 
expansion to a larger allele size when transmitted from a female 
during meiosis5.

The intermediate-sized allele has been associated with nega-
tive repercussions on women’s reproductive life, culminating in 
the occurrence of premature menopause15, observed in 20-30% 
of premutation carriers and imposing the risk of expansion of the 
allele to a full mutation in offspring16-19. Despite the risk, the fre-
quency of the premutation allele in women of reproductive age 
without symptoms of POI is poorly known.

A Swiss study to determine the size of the FMR1 allele was 
performed with 27 case samples with low ovarian reserve, high 
FSH levels, low anti-Müllerian hormone (AMH) levels, and/or 
low response to hormone stimulation, and with 32 control sam-
ples from patients without genetic or intellectual ability-related 
problems. Three case samples (5.6%) and one control (1.6%) 
showed premutation20. Another study in Massachusetts (USA) 
compared 535 samples obtained from women with a low ovar-
ian reserve and high FSH levels with a group containing 521 
samples from egg donors and women without ovarian dysfunc-
tion, to determine the frequency of premutation alleles in both 
groups. Among  the cases, seven (1.3%) showed premutation, 
compared to only one control (0.19%)21. These studies indicated 
that the number of CGG repeats, and the frequency of premuta-
tion  alleles are increased in women with low ovarian reserve of 
European and American origin22.

A study in Lucknow (India) evaluated 300 women of reproduc-
tive age with no history of ovarian complications and with healthy 
children, women with low ovarian function showing high FSH 
values (10U/L at 2-4 days of the menstrual cycle) and low anti- 
Müllerian hormone values (AMH: 0.2-0.7 ng/mL) and premeno-
pausal women and found that 1.7% were carriers of alleles in the 
gray zone and 0.3% had premutation23.

Screening for FMR1 gene premutation is not established in the 
minimal propaedeutic of the infertile couple and the frequency of 
the permutated allele is not known in Brazilian women. Since the 
patients had reproductive intentions, it seemed interesting to know 
the risk associated with the presence of the FMR1 premutation al-
lele, allowing to perform reproductive genetic counseling to the 
patients and to organize variant screening procedures, if necessary.

Previous frequency studies have estimated that premutation al-
leles in females in the world population range from 1/100 to 1/260 
in Israelis, Canadians, and Finns24. FMR1 gene premutation oc-
curs in about 1:800 males and 1:100-200 females in the US popu-
lation14. However, the frequency of the premutation allele in Brazil 
seems to be lower than in these populations.

Previous Brazilian studies have not identified premutation al-
leles in the general population. A study involving DNA samples 
from 386 men and women with intellectual disability, conducted 
in the Northeast region of the country, found no premutation al-
lele25. Another group also found no premutation alleles among 
511 men in the general population of Salvador14. In the Southeast, 
100 men from the general population of Rio de Janeiro were eval-
uated and one carrier of the premutation was found26, while in 
São Paulo, researchers found no premutation allele in a sample 
composed of 58 men and women with intellectual disability27. 
In the South, 22 men and 100 women suspected of suffering and/
or being carriers of Fragile X Syndrome were evaluated, and no 
premutation alleles were observed28. Thus, the Brazilian studies 
previously carried out focused more on patients with intellectual 
disability and on men in the general population not allowing to 
know the allele frequency in women, or the reproductive charac-
teristics of the population sample.

In the present study, none of the 283 female samples presented 
the FMR1 gene pre- mutated allele. Therefore, the frequency of 
the allele in the infertile population seems to be low compared to 
worldwide data but corroborates the findings of other Brazilian 
samples investigated. However, it is important to highlight that 
54.9% of the samples evaluated were in the gray zone, which can 
increase with the passing of generations giving rise to premuta-
tion29. This shows the need to monitor the size of the FMR1 gene 
alleles in the families of these patients, especially in women with 
reproductive desires.

In our sample, we observed amplification failure of 16 DNA 
samples. A possible cause for the amplification failure is the deg-
radation of the stored DNA. In this project, we used samples 
from a Biobank. Such samples were collected over 10 years and 
the quality of some samples may have been compromised over 
time. In addition, the salt extraction methodology (salting-out 
method) used to obtain DNA from these samples is a technique 
that leaves residues that can compromise DNA amplification. 
Additionally, the repetitive regions, rich in GC have difficult am-
plification and demand excellent quality samples. However, we 

Table 1: Distribution of FMR1 gene alleles in 283 DNA samples 
from women of reproductive age according to allelic class.

Allelic Class Number of repetitions Frequency

Normal

<10 CGG 0 (%)

11-26 CGG 12 (4.12%)

27-40 CGG 115 (40.64%)

41-54 CGG 156 (55.12%)

Premutation 55-200 CGG 0 (0%)

Full mutation >200 CGG 0 (0%)
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