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The prevalence of Fragile X Syndrome (FXS) is 1 in 4000 in males and 1 in 2500 in males and females, respec-
tively, in the general population. Several screening studies aimed at determining the prevalence of FXS have
been conducted in individuals with intellectual disabilities (IDs) with a prevalence varying from 1.15% to 6.3%
across different ethnic groups. A previous study in Indonesia showed an FXS prevalence of 1.9% among the ID
population. A rapid, effective, and inexpensive method for FMR1 screening, using dried blood spots capable of
detecting an expanded FMRI allele in both males and females, was recently reported. We used this approach to
screen 176 blood spots, collected from Central Java, Indonesia, for the presence of expanded FMR1 gene alleles.
Samples were collected from high-risk populations: 112 individuals with ID, 32 obtained from individuals with
diagnosis of autism spectrum disorders, and 32 individuals with a known family history of FXS. Fourteen
subjects carrying an FMR1 expanded allele were identified including 7 premutations (55-200 CGG repeats) and 7
full mutations (>200 repeats). Of the seven subjects identified with a full mutation, one subject was from a non-

fragile X family, and six from were families with a history of FXS.

Introduction

RAGILE X sYNDROME (FXS), with a prevalence of 1:2500 to

1:4000 in the general population (Turner et al., 1996;
Crawford et al., 2002; Hagerman, 2008), is the most common
genetic cause of intellectual disability (ID) and the leading
genetic cause of autism. Although prevalence estimates vary
across studies, there is agreement that the risk of autism
spectrum disorders (ASD) is higher in FXS than in many other
neuro-developmental disorders. From recent studies, ~2% to
6% of children with ASD have FXS (Li ef al., 1993; Wassink
et al., 2001; Estecio et al., 2002; Hagerman, 2002; Reddy, 2005),
and ~30% of children with FXS have ASD (see Appendix in
Rogers et al., 2001; Kaufmann ef al., 2004); Pervasive Devel-
opmental Disorder-Not Otherwise Specified is seen in an
additional 30% (Harris et al., 2008). In fact, FXS is character-
ized by a broad spectrum of behavioral and emotional im-
pairment, psychological problems, and learning disabilities in
those without mental retardation or ID. In addition, specific
physical features such as long face, macrognathia, prominent
ears, hyperextensible joints, flat feet, and macroorchidism in
puberty are observed (Hagerman ef al., 1991; Lachiewicz and

Dawson, 1994; Giangreco et al., 1996). The milder phenotypes
are not accounted for in the current prevalence figures (Tas-
sone et al., 1999; Hagerman, 2006). In addition, significant
phenotypic involvement has emerged in some individuals
with the premutation (55-200 CGG repeats), including fragile
X-associated premature ovarian insufficiency (FXPOI) in
females, and fragile X-associated tremor/ataxia syndrome
(FXTAS) in both male and female aging carriers (Hagerman
and Hagerman, 2004; Hagerman et al., 2004; Sullivan et al.,
2005). Prevalence for premutation alleles was ~1 in 110-250
for females and 1 in 250-800 for males (Rousseau et al., 1995;
Toledano-Alhadef et al.,, 2001, Dombrowski et al.,, 2002;
Fernandez-Carvajal et al., 2009).

The first population study of FXS performed in Indonesia,
based on the screening of 176 subjects (92 males and 84
females), indicates a prevalence of 1.9% (Faradz ef al., 1999).
Special education needs schools, developmental disorders
clinics, or health care centers are the most appropriate places
for FXS screening in developing countries. In the past several
years, the interest of FXS studies has turned treatment studies,
both pharmacological and nonpharmacological intervention,
and has emphasized the importance of early intervention for
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minimizing behavioral impairment and optimizing cognitive
functioning. FXS, caused by immature branching of dendrites,
results in lack of fragile X mental retardation protein (FMRP),
an RNA binding protein important for synaptic plasticity
(Zalfa et al., 2003). The awareness of fragile X-associated dis-
orders, such as FXTAS and FXPOI, recently became more
pronounced and reinforced the statement that FXS is a genetic
disorder with broad clinical family involvement (Chonchaiya
et al., 2009). Expanded clinical involvement, especially medi-
cal co-morbidity and neurobehavioral disorders that include
thyroid dysfunction, high blood pressure, peripheral neu-
ropathy, fibromyalgia, depression, and anxiety, has been re-
ported as common among premutation females (Johnston
etal.,2001; Hessl et al., 2005; Coffey et al., 2008; Bourgeois et al.,
2009, 2010; Roberts et al., 2009; Hunter et al., 2010; Lachiewicz
et al., 2010). Finally, lowered FMRP expression and/or ele-
vated FMR1 mRNA, observed in premutation carriers, com-
bined with environmental factors may lead to ASD and/or
symptoms of attention deficit hyperactivity disorders
(ADHD), social deficits, and learning disabilities in young
premutation individuals (Tassone et al., 2000; Aziz et al., 2003;
Goodlin-Jones et al., 2004; Farzin et al., 2006; Hagerman, Hoem
et al., 2010).

Thus, to identify individuals with FXS and FMR1-associated
disorders and to provide early intervention services for chil-
dren, an FMRI-sensitive and -specific screening method for
both males and females is needed in countries with a large
population, such as Indonesia. Tassone et al. (2008) introduced
a rapid, effective, and inexpensive method for screening both
males and females for FMR1 allele sizes throughout the pre-
mutation and full-mutation range and is possible by using
dried blood spots (Fernandez-Carvajal et al., 2009; Yuhas et al.,
2009); thus, this method is suitable for large population
screenings. Here, we present a high-risk screening in Central
Java, Indonesia, including 176 subjects (92 males and 84
females) with ID and/or known family history of FXS.

Materials and Methods
Participants

Blood spots were collected from 92 males and 84 females
(n=176), including 112 individuals with IDs, 32 with a diag-
nosis of ASD, and 32 individuals who were the relative of
someone with a previous diagnosis of FXS. Samples were
collected from Central Java, Indonesia. One hundred twelve
subjects with ID were screened from special need schools, 26
of whom were from schools for children with autism, and 6
subjects were mothers of children with autism. This study was
approved by the Institutional Review Board of the University
of California Davis and the Medical Ethical Committee of the
Faculty of Medicine, Diponegoro University.

Screening methodology

Blood spots were collected from each subject on FTA cards
(QIAcard FTA; Qiagen, Valencia, CA). Polymerase chain re-
action (PCR) analysis was performed either directly on a
punch from the dry blood spot, or from isolated DNA. Sam-
ples were prepared for PCR in two ways: washing the blood
spots and DNA isolation. Washing a 2mm blood spot disk
was performed by using FTA purification reagents (Qiagen)
using manufacturer’s instructions. Briefly, three 5-min incu-
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bations with 200 puL of purification reagents were followed by
two 5-min incubations with 200 pL. of Tris-sodium EDTA
buffer. Spots had been dried at room temperature for 1h be-
fore they were directly introduced into the PCR mix (Tassone
et al., 2008). For DNA isolation, two disks of 3 mm in diame-
ter were punched from the blood spot, heated with digest
solution at 57°C, and processed in a Qiaxtractor (Qiagen) ac-
cording to the manufacturer’s protocol. The PCR amplifica-
tion was performed by using primer ¢ and f conditions as
previously described (Fu et al., 1991; Fernandez-Carvajal et al.,
2009). The PCR products were visualized by using the Qiaxcel
genetic analyzer (Qiagen) or by capillary electrophoresis (CE)
(ABI 3100; Applied Biosystems, Carlsbad, CA). Results from
the Qiaxcel genetic analyzer were analyzed as described in
Fernandez-Carvajal et al. (2009). The CE results were analyzed
by using the ABI Peak Scanner software (Applied Biosys-
tems). DNA samples from men that did not yield a band after
the first round of PCR, or DNA samples from females that
yielded only one normal band with primers ¢ and f, were
subjected to a secondary, chimeric-CGG-primer-based PCR
screening, as previously described (Tassone et al., 2008; Chen
et al., 2010). The PCR amplicons were subjected to visualiza-
tion on an agarose gel (Tassone et al., 2008) or by (CE) (Chen
et al., 2010).

Follow-up FXS molecular diagnosis

Diagnosis of FXS was confirmed on DNA isolated from
peripheral blood leucocytes by using standard procedures;
PCR and Southern blot analysis were performed as detailed in
Tassone et al. (2008).

Results

One hundred seventy-six blood spots (144 from popula-
tions with ID/ASD and 32 from known fragile X families)
were screened for the presence of an expanded FMRI allele.
One full mutation (one male) (1/144) was identified within
the ID population, and six full mutations (six females) and
seven premutation individuals (two males, five females) were
identified in families with a history of FXS (Fig. 1). Thus,
prevalence of FXS full mutation in this high-risk population
from Central Java, Indonesia, is 4.0% (1.1% in males and 7.1%
in females; 95% confidence interval (2.0%, 8.1%) in agreement
with reports from previous studies in other populations)
(Sutherland, 1985; Syrrou et al., 1998; de Vries et al., 1999;
Faradz et al., 1999; Pouya et al., 2009). However, the FXS full
mutation was 0.72% (1/139) in the ID populations alone.

The FMR1 gene allele size distribution in both genders
ranged between 10 and 51, with a modal number of 30 CGG
repeats (25.0%), followed by 29 CGG repeats (21.2%). Inter-
estingly, 3% and 3.4% of the alleles contained 35 and 36 CGG
repeats, respectively, as previously reported in an Asian
population (Zhong et al., 1994; Chiang et al., 1999; Faradz et al.,
2001). Allele size distribution is shown in Figure 2.

Follow-up studies to confirm FXS diagnosis were per-
formed on those subjects found to be carriers of an FMR1
expanded allele during the blood spot screening process.
Additional family members of those who had screened posi-
tive were also tested for the FXS mutation. Fragile X diagnosis
was confirmed in one full mutation subject among the ID
group, in addition to an uncle and a cousin. Among three
families with known cases of FXS, 14 expanded alleles were
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FIG. 1.

(A) Capillary Electrophoregram (CE) from a premutation female showing the normal and premutation alleles
(arrows) obtained by CGG repeat-primed PCR. (B) Electrophoregram from a full mutation male. The CGG repeat PCR
produces in this case an uninterrupted series of triplet repeat products that indicate the presence of a long, expanded FMR1

allele.

identified. Confirmatory diagnosis was performed by South-
ern Blot/PCR analysis as depicted in Figure 3. Detailed results
of individuals with an expanded FMRI1 allele from known
fragile X families are presented in Table 1.

Discussion

A number of studies have been carried out in populations
of individuals with IDs, with a prevalence varying from ~1%
to 6.3% (Sutherland, 1985; Syrrou et al., 1998; de Vries et al.,
1999; Faradz et al., 1999; Pouya et al., 2009). A previous study
in Indonesia showed an FXS prevalence of 1.9% among the ID
population (Faradz et al., 1999).

We present the first blood spot screening for FXS in a high-
risk population in Indonesia by using a new approach that is
capable of screening for FMRI mutations throughout pre-

methods for FXS, and, therefore, feasible for large population
screening. Results of this screening found 1 full mutation al-
lele out of 139 subjects (0.72%) with ID, which is lower than
the prevalence previously described in another study (1.9%)
(Faradz et al., 1999) among 254 children with ID, likely due to
their smaller sample size.

The most common alleles contain 30 and 29 CGG repeats,
which is concordant with our previous studies (Faradz et al.,
2001) among a Chinese population (Zhong et al., 1994) and
among a non-Caucasian population (Kunst et al., 1996; Faradz
et al., 2001). An allele frequency of 28 CGG repeats was also
common in the Asian population. In 1999, Chiang et al. re-
ported 45% of individuals carrying an allele of 28 CGG
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FIG. 2. Allele size distribution from the 176 subjects (92
men and 84 women) screened. The most common alleles in
this population were 30 and 29 CGG repeats. An increased
prevalence for 35 and 36 CGG repeats was also observed.

markers is show in lanel. Lane 2: normal female control
showing a normal unmethylated band (2.8Kb) and normal
methylated band (5.2Kb). Lanes 3, 5, 9, 10, and 15: pre-
mutation females. Lanes 4, 6, 7, 8, 11, and 12: full mutation
females. Lanes 13 and 14: premutation male.
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TABLE 1. RESULT FROM BLOOD SPOT SCREENING
AMONG INDIVIDUALS WiITH KNOWN FamILy HisTORY
OF FRAGILE X SYNDROME

X Screened X Premutation X Full mutation X Normal

Family (M, F) (M, F) (M, F) (M, F)
A 22 (6, 16) 3(1,2) 50,5 14 (5,9)
B 4(0, 4) 1(0, 1) 2(0,2) 10, 1)
C* 6 (4,2) 2(1,1) 1(1,0) 3(2,1)
Total 32(10,22) 6 (2, 4) 8(1,7) 18 (7, 11)

C* New FXS case from ID and or autism population.
M, male; F, female; FXS, fragile X syndrome; ID, intellectual
disability.

repeats, among a representative Chinese population (Chiang
et al., 1999). Interestingly, a minor peak was found in 3% and
3.4% of alleles with higher CGG-repeat numbers (35 and 36).
A previous study done in Indonesia reported a frequency of
8.7% for alleles with 36 CGG repeats, whereas higher fre-
quencies were reported for alleles with 34, 35, and 36 CGG
repeats in an Asian population (Zhong et al., 1994; Chiang
et al., 1999; Faradz et al., 2001).

A recent report showed evidence of broad clinical in-
volvement in FMRI gene mutations reported among pre-
mutation and gray zone alleles (Hall et al., 2006; Loesch et al.,
2009) including Idiopathic Parkinson’s diseases, ASD and
ADHD, FXPOI, and FXTAS (Tassone et al., 2000; Jacquemont
et al., 2003; Goodlin-Jones et al., 2004; Jacquemont et al., 2004;
Sullivan et al., 2005; Toft et al., 2005; Kraff et al., 2007; Cilia et al.,
2009). Thus, a robust screening method is needed to accom-
modate future directions of early intervention and anticipa-
tion. We have performed our novel blood spot screening
method on a high-risk population in Indonesia to demon-
strate the validity of this screening tool for the diagnosis of
FXS, which is especially valuable in locations where genetic
testing is virtually inaccessible.
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