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Abstract

Fragile X syndrome (FXS), which is the most common form of familial mental retardation, is caused by the expansion of the
CGG repeat in the FMRI gene on the X chromosome. Previous studies have suggested that as compared to other populations, Jap-
anese have a lower prevalence of FXS. In addition, in the normal population, there are no carriers who have the premutation allele.
We analyzed a total of 946 normal Japanese (576 males and 370 females) and attempted to estimate the frequency of the FMRI
allele. Within this population, we found that 1,155 alleles were in the normal range (less than 40 CGG repeats) and had a modal
number of 27 repeats (35.75%). No carriers with premutations (55-200 CGG repeats) were observed in this normal population.
We also identified six intermediate-sized alleles (40-54 CGG repeats), with a reported incidence of 1 in 103 males and 1 in 324
females. However, this allele frequency was different from that previously reported for the Japanese population. Since data from
previous studies has suggested that FXS might possibly be associated with the genetic mechanism of autism, we also analyzed
the length of the CGG repeats in 109 autistic patients. In all cases the CGG repeat numbers were within the normal range (16—
36 repeats) and no individuals presented with expanded premutation or intermediate alleles. This finding indicates that the length
of the CGG repeat within the FMR/ is unlikely to be responsible for autism in Japanese.
© 2008 Elsevier B.V. All rights reserved.

Kepwords: Fragile X syndrome; FMRI; CGG repeat; Premutation allele; Autism

1. Introduction

Fragile X syndrome (FXS) has been reported to be
the common cause of inherited mental retardation [1].

* Corresponding author. Tel.: +81850 38 6472; fax: +81859 38 6470, Clinically, these patients exhibit mental retardation,
E-mail address: enanba@med.tottori-u.ac.jp (E. Nanba). macroorchidism, large ears and long faces. In most
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cases, the mental retardation is moderate-to-severe, with
frequent occurrences of autistic-like behaviors. Approx-
imately 30% of the individuals with FXS are classified as
being within the autistic spectrum [2]. While several
reports have suggested there is an association between
the FXS and autism, as of yet, no strong evidence has
been found that confirms a link to autism [3].

FXS is caused by an expansion of the CGG repeat,
which is located in the 5'-untranslated region (5-UTR)
of the first exon of the fragile X mental retardation ! gene
(FMRI) at the chromosomal locus Xq27.3 [4]. The num-
ber of CGG repeats is highly polymorphic, ranging from 6
to 50 triplets in normal individuals. The expansions with
more than 200 repeats, are observed in fragile X syndrome
and are named the full mutation. Full mutation results in
hypermethylation of the CpG island within the FMRI
promoter region along with transcriptional silence of
the gene. When a premutation (55-200 repeats) is mater-
nally transmitted it can expand to a full mutation. It has
been reported that the larger repeats carry greater risks
of expansion than the smaller repeats [5]. The intermedi-
ate allele (between 40 and 54 repeats) have been shown
to be slightly unstable upon transmission [5,6]. A full
mutation in a proband were expanded from an intermedi-
ate allele over a span of two generations [7]. The interme-
diate alleles have been termed ‘gray zone’ alleles [8] and
the larger the size the greater the increase in the instability.
The American College of Medical Genetics has recom-
mended that intermediate alleles be considered as a possi-
ble risk factor for repeat expansion [9]. At the present
time, the frequency of the intermediate alleles in the Jap-
anese population remains unknown.

To determine the prevalence of FXS, a previous study
examined patients with mental retardation for the full
mutation and initially estimated the rate to be 1 for every
4000-6000 males, although this appeared to vary from
group to group [10]. More recently, in order to determine
more accurate estimations, several studies were per-
formed in the general population and results indicated
that 1 out of 113-441 females and 1 out of 8131674 males
were carriers with the premutation alleles [11-14].

In another study that screened for the full mutation, it
was found that there was a lower prevalence of the muta-
tion in Japanese than in other populations [15]. In previous
screenings among the normal Japanese population, no pre-
mutation allele were found in two different studies, one that
examined 824 X chromosomes [16]and one that examined
826 X chromosomes [17]. These results were lower than
that observed in Caucasians. Based on these findings, it
appears that the prevalence of FXS and allele distribution
in Japanese is different from other populations.

In this study, we focused on the CGG repeat length
for use in both detecting the intermediate and premuta-
tion alleles among the general population. Furthermore,
we also analyzed the length of the CGG repeats and
their potential involvement for autism in Japanese.
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2. Materials and methods
2.1. Samples

A total of 946 normal Japanese samples (576 males
and 370 females) collected by the Pharma SNP con-
sortium (PSC) were analyzed [18-20]. PSC control
population represents those who voluntarily took part
in the project in response to public internet invitation
for collecting healthy control population against
major illness such as diabetes, hypertension, dementia,
cancer, or allergic diseases. Although the socioeco-
nomical and educational condition cannot be speci-
fied, they represent self-declaring Japanese control
population in Tokyo area with the absence of major
illness confirmed by the physician.

Samples from 109 autistic Japanese patients were
collected at Tokal University and The University of
Tokyo. All autistic patients were diagnosed using the
DSM-IV and ICD-10 criteria by two child psychiatrist.
IQ score was evaluated and each 13, 13, 12 and 17
patients were more than 70, 69-50, 49-35 and below
34, respectively. The score were not evaluated in 54
patients. Total DNA was extracted from peripheral
blood or lymphoblasts, as has been previously reported
[15]. The Ethical Committees of the Faculties of Med-
icine at Tottori University, Tokushima University,
Tokai University and Tokyo University approved the
study protocol.

2.2. CGG repeat analysis

Analysis of the CGG repeat of the FMR1 gene was
performed using a previously reported method [15] with
minor modification. For relatively short size repeats, we
amplified the repeat using the CyS-labeled forward pri-
mer, with the amplicons analyzed using an ALFred
DNA automated sequencer (Amersham Biosciences).
PCR method 2 (hybridization method) was used to
detect the expanded repeats [15]. We already confirmed
PCR method 2 (hybridization method) enough to detect
the expanded allele compared with a Southern blotting
for the limited amount of the DNA. By the hybridiza-
tion method, we could detect the normal to full muta-
tion allele. All PCR products were analyzed using an
ALFred DNA automated sequencer and PCR method
2 (hybridization method).

2.3. Statistical analysis

To statistically compare the distribution of the
CGG repeat length between our current study and
other previously published reports, we analyzed the
data on a clumped 2 x 2 table using the CLUMP
software [21].



