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Abstract
AIM: To investigate the prevalence of fragile X syn-
drome (FXS) in intellectually disabled male and female 
Indonesians.

METHODS: This research is an extension of a previ-
ously reported study on the identification of chromo-
somal aberrations in a large cohort of 527 Indonesians 
with intellectual disability (ID). In this previous study, 

87 patients had a chromosomal abnormality, five of 
whom expressed fragile sites on Xq27.3. Since FXS 
cannot always be identified by cytogenetic analysis, 
molecular testing of the fragile X mental retardation 1 
CGG repeat was performed in 440 samples. The test-
ing was also conducted in the five previously identified 
samples to confirm the abnormality. In total, a molecu-
lar study was conducted in 445 samples (162 females 
and 283 males).

RESULTS: In the cohort of Indonesian ID population, 
the prevalence of FXS is 9/527 (1.7%). The prevalence 
in males and females is 1.5% (5/329) and 2% (4/198), 
respectively. Segregation analysis in the families and 
X-inactivation studies were performed. We performed 
the first comprehensive genetic survey of a repre-
sentative sample of male and female ID individuals 
from institutions and special schools in Indonesia. Our 
findings show that a comprehensive study of FXS can 
be performed in a developing country like Indonesia 
where diagnostic facilities are limited.

CONCLUSION: The prevalence of FXS is equal in fe-
males and males in our study, which suggests that the 
prevalence of FXS in females could be underestimated.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Fragile X syndrome (FXS) is the most common form of  
inherited intellectual disability (ID), with an estimated 
prevalence of  1 in 4000-6000 males and 1 in 7000-10 000 
females[1]. Expansion of  a CGG repeat in the 5’ untrans-
lated region of  fragile X mental retardation 1 (FMR1) 
is the most frequent cause of  FXS[2,3]. When the expan-
sion exceeds the number of  200 repeats (full mutation), 
the promoter region becomes hypermethylated and the 
FMR1 gene is silenced. This leads to deficiency of  the 
FMR1 protein[4]. FXS is inherited as an X-linked domi-
nant disease with variable expressivity and reduced pen-
etrance in females. The level of  ID in FXS males ranges 
from mild to profound, whilst females are usually less 
affected[5,6].

Several behavioral characteristics associated with FXS 
include autism spectrum disorders, poor eye contact, 
short attention span, hyperactivity, several stereotypic be-
haviors (hand flapping, hand biting, preservative speech, 
echolalia), tactile defensiveness and anxiety related to 
social contact[7-10]. The classical facial phenotype of  FXS 
includes a prominent forehead, a long, narrow face, a 
prominent jaw and prominent ears. The palate is often 
highly arched. Macro-orchidism is reported in more than 
80% of  post-pubertal and adult males. Connective tissue 
abnormalities such as soft velvet-like skin, joint hyper-
mobility, pes planus, congenital hip dislocation, scoliosis 
and clubfoot are also commonly observed[5,11].

Diagnostic analysis of  FXS is mainly based on di-
rect amplification of  the CGG-repeat using flanking 
primers and Southern blot analysis[3,12-16]. Standard PCR 
testing allows amplification of  alleles up to 120-150 
CGGs. Although this method cannot reveal full muta-
tions, it allows precise sizing of  premutation alleles. On 
the contrary, Southern blot analysis allows sizing of  full 
mutations but is unable to discriminate between large 
normal and small premutation alleles[16]. To overcome 
these problems, several diagnostic laboratories recently 
changed their procedure to PCR-based tests that can 
amplify repeat alleles up to full mutations and are able 
to distinguish between female samples homozygous for 
a normal allele or heterozygous for a normal and an ex-
panded allele (e.g., tests by Abbott, IL, United States and 
Asuragen Inc., Austin, United States). While these proce-
dures are routinely performed in the Western world, they 
are not being used as standard diagnostic tools in Indo-
nesia, mainly due to costs and lack of  adequate health 
insurance coverage.

In a previous study, the prevalence of  FXS in the 
male Indonesian population was determined to be 1.9% 
(5/262)[17]. However, diagnostic testing for FXS is not 
routinely performed and widely available in Indonesia. 
Therefore, we aimed to identify unrecognized FXS in-
dividuals and to determine the prevalence in both male 
and female individuals with ID. In view of  the fact that 
genetic testing is still uncommon practice in Indonesia, 
the detection of  new FXS cases gives insight in to the 
prevalence of  FXS in Indonesia and should promote 

awareness of  this disease among medical doctors and 
health professionals in Indonesia. For the families in-
volved, establishing a diagnosis will be beneficial since 
genetic counseling and carrier testing can be provided. 

MATERIALS AND METHODS
Selection and setting 
This research is an extension of  a previously reported 
study on the identification of  chromosomal aberrations 
in a large cohort of  527 Indonesian ID patients from 
several special schools and institutions in Java Island, 
Indonesia. In this previous study, 87 patients had a chro-
mosomal abnormality, five of  whom expressed fragile 
sites on Xq27.3[18]. Since FXS cannot always be identified 
by cytogenetic analysis, molecular testing of  the FMR1 
CGG repeat was performed in 440 samples. The testing 
was also conducted in five previously identified samples 
to confirm the abnormality. In total, a molecular study 
was conducted in 445 samples (162 females and 283 
males).

Genomic DNA of  each patient was isolated using the 
salting out method as described elsewhere[19], with slight 
modification. The CGG repeat in the FMR1 promoter 
was amplified as described by Fu et al[12]. Fragment length 
analysis was carried out on an ABI Prism 3730 DNA 
Analyzer (Life Technologies, Foster City, United States) 
and the Genemapper software (Version 4.0, Apache) was 
used to determine the exact length of  the CGG repeat. 
Southern blot analysis of  the FMR1 CGG(n) repeat was 
performed as described previously[20]. In families 5, 6 and 
7 (Figure 1), a more detailed analysis of  the repeat length 
was performed using a three-primer CGG repeat primed 
FMR1 PCR method (Asuragen Inc., Austin, United 
States), according to the manufacturer’s protocol. The 
difference between the distribution of  the full mutation 
allele in males and females was calculated using a χ 2 test.

A clinical reinvestigation was done in the positive 
cases and family members at risk of  being a carrier were 
molecularly tested. X chromosome inactivation (XCI) 
analyses were performed in all full mutation females in 
order to explain their phenotypes. Family members from 
all affected individuals were counseled and extended 
pedigrees were drawn. Thirty nine family members were 
available for molecular testing and clinical examination 
was only performed in family members with obvious 
signs of  ID. The XCI pattern was studied in female 
samples with a full mutation (either clinically affected or 
unaffected) as described before[20].

RESULTS
In a total of  445 (162 females and 283 males) molecular-
ly tested individuals (607 alleles), 593 alleles were within 
the normal range (15-44 CGG repeats), 3 alleles in the 
intermediate range (45-55 CGG repeats), 2 alleles in the 
premutation range (between 55 and 200 CGG repeats) 
and 9 alleles in the full mutation range (> 200 CGG re-
peats) (classification according to the American College 
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of  Obstetricians and Gynecologists Committee Opin-
ion, No. 469)[21]. The 29 allele (n = 245) was the most 
frequent allele in this population, followed by 28 CGG 
repeats (n = 127) and 30 CGG repeats (n = 93). 

The five samples (4 males and 1 female) in which 
fragile sites were shown in previous chromosome analy-
ses indeed showed a full mutation with Southern blot 
analysis, therefore confirming the diagnosis of  FXS. 
Another four samples (1 male and 3 female) were newly 
identified to have a full mutation. Two of  the positive 
male samples showed a mosaic pattern of  premutation 
to full mutation (Family 2/Ⅲ:2 and Family 5/ Ⅲ:2, Ta-
ble 1). A χ 2 test revealed no statistically significant differ-
ences in the distribution of  full mutation alleles between 
males and females (χ 2 = 0,184; df  = 1; P = 0.67).

Pedigree analysis of  the nine FXS cases showed that 
two individuals were related to two other index cases 

in other families (first cousins in two different families) 
(Family 3/Ⅲ:2 and Ⅲ:9, Family 7/Ⅲ:2 and Ⅲ:3, Table 
1). Therefore, only seven families were identified in this 
study (Figure 1). Molecular testing of  potential carri-
ers in those families resulted in the identification of  17 
samples with a premutation (11 females and 6 males). 
In one of  the 11 females (Family 6/Ⅲ:4), the Southern 
blot result could not clearly distinguish between a large 
premutation or full mutation. More detailed analysis us-
ing repeat-primed PCR (Asuragen Inc., Austin, United 
States) revealed a premutation. Furthermore, another 
six full mutation cases were identified: five females (two 
mildly affected and three clinically unaffected) and one 
clinically affected male.

X-inactivation studies were performed in all nine 
females with a full mutation. Four females (two mildly 
affected and two unaffected) showed random patterns 
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Figure 1  Pedigrees of fragile X syndrome families. Besides the nine index cases (indicated by an arrow), six additional family members with a full mutation (five 
females, full black circle and one male, indicated by full black square) and 17 individuals [11 males; 5 females (indicated by dotted circle)] with a premutation have 
been identified. The length of the CGG repeats is depicted below the pedigree number of each tested individual. The X-inactivation (XCI) of full expansion females 
is shown at the upper right of the pedigree symbol (+ for non-random XCI and - for random XCI). Asterisk at the upper right indicated a mosaic permutation to full 
mutation. 
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of  inactivation (Table 2). Four out of  five samples with 
non random patterns of  inactivation (> 80:20, defined 
by Amos-Landgraf et al[22]) are from clinically affected 
females, while the 5th one is not affected. Southern blot 
analysis showed that in the unaffected female the normal 
allele was active and the expanded allele was inactive, 
whereas in the affected females the normal allele was 
inactive. A summary of  the most common features of  
the index patients and affected family members is shown 
in Table 3, for male and female individuals, respectively. 
Clinical pictures of  index patients and affected family 
members are depicted in Figure 2. In male individuals, 
shy behavior (shy and timid behavior with a tendency to-
wards social withdrawal) and social anxiety are the most 
frequent features (detected in all six males = 100%), 
followed by large cupped ears, elongated face and joint 
laxity (detected in 83%). Four of  post pubertal individu-
als had large testicular size (67%). Highly arched palate, 
scoliosis and flat feet were found in three patients (50%), 
whereas neurological problems (seizure, spasticity of  the 
extremities and strabismus) were found in one patient. 
In females, shy behavior and social anxiety are also the 
most frequent features (100%), whereas joint laxity and 
flat feet were found in five (83%). Four females showed 
large cupped ears, elongated face and high arched palate 
(67%). Scoliosis and strabismus were found in three and 
two individuals, respectively (50% and 33%).

DISCUSSION
Few studies have been carried out to determine the 
contribution of  FXS as a cause of  ID in the Indonesian 
population[17,23]. In this study, we performed a com-
prehensive genetic survey of  a representative sample 
of  male and female ID individuals from institutions 
and special schools. The prevalence of  FXS found in 
this study was 1.7% (9/527); 1.5% (5/329) in the male 
population and 2% (4/198) in the female population. 
This prevalence of  FXS is similar to that in other Asian 
populations (approximately 1%-3%)[24-26] and is about the 
same as found in a previous study from Indonesia with a 
prevalence of  1.9% (5/262) in the male population[17]. 

The prevalence of  FXS among females was esti-
mated to be about half  of  that of  males[1]. The actual 
distribution of  full mutation alleles in the general popu-
lation, however, is considered to be equal in both males 

Patient Sex FMR1 gene analysis

Family1/Ⅲ:3 Male Full mutation
Family 2/Ⅲ:2 Male Mosaic premutation/full mutation
Family 3/Ⅲ:2 Female Full mutation
Family 3/Ⅲ:9 Female Full mutation
Family 4/Ⅳ:3 Male Full mutation
Family 5/Ⅲ:2 Male Mosaic premutation/ full mutation
Family 6/Ⅲ:1 Male Full mutation
Family 7/Ⅲ:2 Female Full mutation
Family 7/Ⅲ:3 Female Full mutation

Table 1  Fragile X mental retardation 1 gene analysis of index 
fragile X syndrome subjects

FMR1: Fragile X mental retardation 1.

Table 2  X chromosome inactivation pattern in all full muta-
tion females

Pedigree XCI Clinical features

Family 3/Ⅲ:2 87/13 (non random)1 Affected
Family 3/Ⅲ:9   96/4 (non random)1 Affected
Family 7/Ⅲ:2   93/7 (non random)1 Affected
Family 7/Ⅲ:3 82/18 (non random)1 Affected
Family 1/Ⅲ:6 75/25 (random) Affected (mild)
Family 4/Ⅳ:1 74/26 (random) Affected (mild)
Family 3/Ⅲ:6 60/40 (random) Not affected
Family 4/Ⅲ:3 84/16 (non random)2 Not affected
Family 5/Ⅱ:2 67/33 (random) Not affected

1The normal allele is inactive by X chromosome inactivation (XCI) and the 
expanded allele is active but methylated because of the expansion; 2the 
normal allele is active and the expanded allele is not active.

Fam 1 (Ⅲ:3)                 Fam 2 (Ⅲ:2)                Fam 3 (Ⅲ:2)

Fam 3 (Ⅲ:9)                 Fam 4 (Ⅳ:3)                 Fam 5 (Ⅲ:2)

Fam 6 (Ⅲ:1)                 Fam 7 (Ⅲ:2)                Fam 7 (Ⅲ:3)

Fam 4 (Ⅳ:2)                 Fam 4 (Ⅳ:1)                Fam 1 (Ⅲ:6)

Figure 2  Clinical pictures of patients with fragile X syndrome. Fam: Family.
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and females[27], but due to the X-inactivation in females, 
they are usually less severely affected. With regards to 
the allele distribution of  full mutation alone, this study 
yielded no statistically significant differences in males 
1.5% (5/329) and females 2% (4/198). This finding is in 
line with the results of  previous studies[26,27]. The equal 
distribution of  clinically affected females and males in 
the present study, however, was unexpected. In order 
to explain why most of  the females with a full muta-
tion in this study are clinically affected, the X inactiva-
tion status was determined. All female index patients 
(n = 4) demonstrated a non random XCI, in which the 
normal unexpanded allele was preferentially inactivated. 
Although the XCI pattern in blood does not necessar-
ily represent the pattern in the brain, the results in this 
family provide evidence for the fact that XCI patterns 
play a role in the development of  cognitive disturbances 
in females with a full mutation. The results of  the XCI 
assay in the five female family members with a full muta-
tion are also in concordance with their clinical status: the 
two mildly affected females and two of  the unaffected 
females showed random X-inactivation. The difference 
in intellectual abilities between these females might pos-
sibly be explained by a difference in the X-inactivation 
pattern in brain. One of  the unaffected females showed 
non-random X-inactivation (Family 4/Ⅲ:3), but since 
the normal allele was preferentially active, this explains 
why she has a normal phenotype. This study clearly 
demonstrates why females with full mutation alleles can 
be affected or unaffected, depending on their XCI pat-
tern, a feature that has been recognized before[28-31]. The 
percentage of  clinically affected females (due to non 
random X-inactivation) in the present study is consider-
ably higher than what has been reported among the full 
mutation female population: 44% (4/9) in this study vs 
24.1% (7/29) reported by Reiss et al[31]. Further studies 
on larger numbers of  full mutation females have to be 
performed in order to confirm this high percentage of  
non-random X-inactivation in our female population.

In family 5, the affected index male (Ⅲ:2) showed a 
mosaic premutation to full mutation (71/>>). Segrega-
tion analysis using Southern blot in the family demon-

strated that the mother was a carrier of  a full mutation. 
In order to exclude the possible presence of  a low 
amount of  premutation alleles in the mother, an addi-
tional test using a repeat-primed PCR was performed. 
The analysis confirmed that the mother was a carrier of  
a normal allele (44 CGG repeats) and a full mutation 
allele (294 CGG repeats) without evidence of  mosaic 
premutation allele. This indicates that the full mutation 
allele of  the mother was transmitted to her son in re-
duced size. Although the molecular mechanisms respon-
sible for the reduction of  the CGG repeat in the FMR1 
gene are largely unclear, several other cases where full 
mutation carrier females had affected sons with a mosaic 
pattern, have been described[32,33]. One of  the mecha-
nisms explaining repeat contraction (but also expansion) 
is slipped strand mispairing[34,35]. Another explanation is 
that the contraction could be a postzygotic event due to 
somatic instability of  the CGG repeat[36-38].

Individuals who have a mosaic premutation to full 
mutation may have a milder phenotype compared to 
those with a full mutation[39]. Besides patient Ⅲ:2 from 
family 5, patient Ⅲ:2 from family 3 also showed a mo-
saic pattern on the Southern blot. Notably, one of  the 
male family members with a normal intelligence was 
also identified to have a mosaicism of  a premutation (81 
CGG repeats) and a full mutation allele (Family 6/Ⅱ:6). 
However, the full mutation allele was not visible on the 
Southern blot and was only detected after the repeat-
primed PCR which was performed in order to better 
characterize the repeat number in his daughter. This may 
indicate that the fully expanded allele was present only in 
a small percentage of  cells, explaining the normal phe-
notype. 

The most frequent clinical features found in both 
sexes in our population were shy behavior and social 
anxiety, large cupped ears, elongated face and joint laxity. 
These features were consistent with those described for 
FXS[5,8,11].

Cytogenetic testing to detect FXS is no longer con-
sidered to be sufficiently accurate because of  its high 
false negative and false positive rates[11], the main dif-
ficulty being the detection of  females with a full muta-

Table 3  Clinical features of male and female patients with fragile X syndrome

Male Female

Fam 1/
Ⅲ:3

Fam 2/
Ⅲ:2

Fam 4/
Ⅳ:3

Fam 5/
Ⅲ:2

Fam 6/
Ⅲ:1

Fam 4/
Ⅳ:2

% Fam 3/
Ⅲ:2

Fam 3/
Ⅲ:9

Fam 7/
Ⅲ:2

Fam 7/
Ⅲ:3

Fam 4/
Ⅳ:1

Fam 1/
Ⅲ:6

%

Intellectual disability level 2 1 2 2 1 2 2 2 3 2  1 1
Shy behavior and social anxiety + + + + + + 100 + + + + + + 100
Large cupped ears + + + - + +   83 - + + + + -   67
Elongated face + + + + - +   83 - + + + + -   67
High arched palate + - + - + -   50 + + + - + -   67
Scoliosis - - + + - +   50 - + + - + -   50
Joint laxity + + + + - +   83 - + + + + +   83
Neurological problems - - + - - -   17 - + + - - -   33
Macroorchidism + + + +  -1  -1   67
Flat feet + + + - - -   50 + + + + + -   83

1Prepubertal. 1: Mild; 2: Moderate; 3: Severe. Fam: Family; %: Percentage.
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tion[40,41]. Indeed, in our study, cytogenetic analysis only 
picked up five out of  nine samples, most of  which were 
males. Although cytogenetic diagnosis is still useful 
and affordable to establish a FXS diagnosis in develop-
ing countries, this study emphasizes the significance of  
molecular screening. Moreover, despite the fact that the 
PCR-based test is available at the Center for Biomedical 
Research (CEBIOR) at Diponegoro University, testing 
for FXS in the ID population in Indonesia is not rou-
tinely performed and CEBIOR is the only laboratory 
to perform FXS diagnosis in Indonesia. It is recognized 
that FXS is an inherited disease; however, establish-
ing a diagnosis and providing possibilities for genetic 
counseling and carrier testing is not seen as useful in 
Indonesia. Due to its high costs and limited accessibility, 
prenatal diagnosis is only available to a minority of  the 
population. Even though termination of  pregnancy is 
legal when based on a medical emergency, e.g., genetic 
diseases (Republic Indonesia Laws No. 36/2009) [42], in 
practice it still is a very complex procedure. Also, other 
options such as preimplantation genetic diagnosis are 
financially and culturally complex. Still, as common in-
fectious diseases and nutritional problems are becoming 
less prevalent in Indonesia, diagnostic facilities for inher-
ited diseases such as FXS need a higher priority. In addi-
tion, medical personnel and stake holders at the Ministry 
of  Health should be continuously informed about the 
problem of  genetic diseases and its management.

FXS testing is a common diagnostic procedure per-
formed in all non-microcephalic males with ID of  un-
known origin in Western countries[43]. However, routine 
FXS testing in females with ID of  unknown origin is 
said not to be warranted unless there are other indicators 
(e.g., a positive family history)[44]. On the other hand, the 
American College of  Medical Genetics strongly recom-
mends fragile X testing to be considered in both genders 
with unexplained ID, especially in the presence of  any 
physical or behavioral characteristics of  FXS, a positive 
family history and relatives with undiagnosed ID[45]. Our 
findings support the notion to broaden FXS testing to 
include females, in view of  the fact that the prevalence of  
FXS in females could be higher than thought up to now.
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GENERAL INFORMATION
World Journal of  Medical Genetics (World J Med Genet, WJMG, online 
ISSN 2220-3184, DOI: 10.5496) is a bimonthly peer-reviewed, 
online, open-access (OA), journal supported by an editorial board 
consisting of  103 experts in medical genetics from 28 countries.

The biggest advantage of  the OA model is that it provides free, 
full-text articles in PDF and other formats for experts and the pub-
lic without registration, which eliminates the obstacle that traditional 
journals possess and usually delays the speed of  the propagation 
and communication of  scientific research results. The open access 
model has been proven to be a true approach that may achieve the 
ultimate goal of  the journals, i.e. the maximization of  the value to 
the readers, authors and society.

Maximization of personal benefits
The role of  academic journals is to exhibit the scientific levels of  
a country, a university, a center, a department, and even a scientist, 
and build an important bridge for communication between scien-
tists and the public. As we all know, the significance of  the publica-
tion of  scientific articles lies not only in disseminating and com-
municating innovative scientific achievements and academic views, 
as well as promoting the application of  scientific achievements, but 
also in formally recognizing the "priority" and "copyright" of  in-
novative achievements published, as well as evaluating research per-
formance and academic levels. So, to realize these desired attributes 
of  WJMG and create a well-recognized journal, the following four 
types of  personal benefits should be maximized. The maximization 
of  personal benefits refers to the pursuit of  the maximum personal 
benefits in a well-considered optimal manner without violation of  
the laws, ethical rules and the benefits of  others. (1) Maximization 
of  the benefits of  editorial board members: The primary task of  
editorial board members is to give a peer review of  an unpublished 
scientific article via online office system to evaluate its innovative-
ness, scientific and practical values and determine whether it should 
be published or not. During peer review, editorial board members 
can also obtain cutting-edge information in that field at first hand. 
As leaders in their field, they have priority to be invited to write ar-
ticles and publish commentary articles. We will put peer reviewers’ 
names and affiliations along with the article they reviewed in the 
journal to acknowledge their contribution; (2) Maximization of  the 
benefits of  authors: Since WJMG is an OA journal, readers around 
the world can immediately download and read, free of  charge, high-
quality, peer-reviewed articles from WJMG official website, thereby 
realizing the goals and significance of  the communication between 
authors and peers as well as public reading; (3) Maximization of  
the benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and cite the 
arguments, viewpoints, concepts, theories, methods, results, conclu-
sion or facts and data of  pertinent literature so as to validate the 
innovativeness, scientific and practical values of  their own research 
achievements, thus ensuring that their articles have novel arguments 
or viewpoints, solid evidence and correct conclusion; and (4) Maxi-
mization of  the benefits of  employees: It is an iron law that a first-
class journal is unable to exist without first-class editors, and only 
first-class editors can create a first-class academic journal. We insist 
on strengthening our team cultivation and construction so that ev-
ery employee, in an open, fair and transparent environment, could 
contribute their wisdom to edit and publish high-quality articles, 

thereby realizing the maximization of  the personal benefits of  edi-
torial board members, authors and readers, and yielding the greatest 
social and economic benefits.

Aims and scope
WJMG aims to rapidly report the most recent results in medical 
diagnostics, therapeutic techniques and equipment, clinical medical 
research, clinical and experimental techniques and methodology. 
Its purpose is to provide a platform to facilitate the integration of  
clinical and laboratory disciplines to highlight genotype-phenotype 
associations at a qualitative high level, which will help to improve di-
agnostic accuracy and medical care, and in the longer run, therapeu-
tic intervention. The journal publishes original articles and reviews 
on the following topics: (1) Laboratory research, including but not 
limited to techniques in DNA/RNA sequencing, whole-genome 
linkage analyses and association studies, copy number variation 
profiling, epigenetic modifications in health and disease, elucida-
tion of  molecular and cellular pathways affected by gene mutations, 
determination of  transcription factor binding sites, protein-protein 
interactions, preparation and transformation of  induced pluripotent 
stem cells, animal models of  human hereditary disorders and bioin-
formatics; and (2) Clinical genetics research on etiology, epidemiol-
ogy, pathogenesis, morphology and function, signs and symptoms. 

Columns
The columns in the issues of  WJMG will include: (1) Editorial: To in-
troduce and comment on the substantial advance and its importance 
in the fast-developing areas; (2) Frontier: To review the most repre-
sentative achievements and comment on the current research status 
in the important fields, and propose directions for the future research; 
(3) Topic Highlight: This column consists of  three formats, includ-
ing (A) 10 invited review articles on a hot topic, (B) a commentary 
on common issues of  this hot topic, and (C) a commentary on the 
10 individual articles; (4) Observation: To update the development 
of  old and new questions, highlight unsolved problems, and provide 
strategies on how to solve the questions; (5) Guidelines for Clinical 
Practice: To provide guidelines for clinical diagnosis and treatment; (6) 
Review: To systemically review the most representative progress and 
unsolved problems in the major scientific disciplines, comment on 
the current research status, and make suggestions on the future work; 
(7) Original Articles: To originally report the innovative and valuable 
findings in medical genetics; (8) Brief  Articles: To briefly report the 
novel and innovative findings in medical genetics; (9) Case Report: To 
report a rare or typical case; (10) Letters to the Editor: To discuss and 
make reply to the contributions published in WJMG, or to introduce 
and comment on a controversial issue of  general interest; (11) Book 
Reviews: To introduce and comment on quality monographs of  
medical genetics; and (12) Guidelines: To introduce consensuses and 
guidelines reached by international and national academic authorities 
worldwide on the research in medical genetics.
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Editorial Office
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Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjmg@wjgnet.com
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Telephone: +86-10-85381891
Fax: +86-10-85381893
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SPECIAL STATEMENT
All articles published in this journal represent the viewpoints of  the 
authors except where indicated otherwise.

Biostatistical editing
Statistical review is performed after peer review. We invite an expert 
in Biomedical Statistics from to evaluate the statistical method used 
in the paper, including t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. The reviewing points include: (1) Statistical methods should 
be described when they are used to verify the results; (2) Whether 
the statistical techniques are suitable or correct; (3) Only homoge-
neous data can be averaged. Standard deviations are preferred to 
standard errors. Give the number of  observations and subjects (n). 
Losses in observations, such as drop-outs from the study should be 
reported; (4) Values such as ED50, LD50, IC50 should have their 
95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
In the interests of  transparency and to help reviewers assess any poten-
tial bias, WJMG requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation to the submitted work. Referees are also asked to indi-
cate any potential conflict they might have reviewing a particular 
paper. Before submitting, authors are suggested to read “Uniform 
Requirements for Manuscripts Submitted to Biomedical Journals: 
Ethical Considerations in the Conduct and Reporting of  Research: 
Conflicts of  Interest” from International Committee of  Medical 
Journal Editors (ICMJE), which is available at: http://www.icmje.
org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for serv-
ing as a speaker, a consultant and an advisory board member for [names 
of  organizations], and has received research funding from [names of  
organization]. [Name of  individual] is an employee of  [name of  or-
ganization]. [Name of  individual] owns stocks and shares in [name of  
organization]. [Name of  individual] owns patent [patent identification 
and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee or it 
should be stated clearly in the text that all persons gave their informed 
consent prior to their inclusion in the study. Details that might disclose 
the identity of  the subjects under study should be omitted. Authors 

should also draw attention to the Code of  Ethics of  the World Medi-
cal Association (Declaration of  Helsinki, 1964, as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should conform to Good Clini-
cal Practice (for example, US Food and Drug Administration Good 
Clinical Practice in FDA-Regulated Clinical Trials; UK Medicines 
Research Council Guidelines for Good Clinical Practice in Clinical 
Trials) and/or the World Medical Association Declaration of  Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional standard. If  doubt exists whether the research was conducted 
in accordance with the above standards, the authors must explain the 
rationale for their approach and demonstrate that the institutional 
review body explicitly approved the doubtful aspects of  the study. 

Before submitting, authors should make their study approved by 
the relevant research ethics committee or institutional review board. 
If  human participants were involved, manuscripts must be accompa-
nied by a statement that the experiments were undertaken with the 
understanding and appropriate informed consent of  each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If  experimental animals were used, 
the materials and methods (experimental procedures) section must 
clearly indicate that appropriate measures were taken to minimize 
pain or discomfort, and details of  animal care should be provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Ab-
stract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg-
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting of  
clinical trials, we endorse the policy of  the ICMJE to refuse to pub-
lish papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now avail-
able, to our knowledge, is http://www.clinicaltrials.gov sponsored 
by the United States National Library of  Medicine and we encour-
age all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs and illustrations because rejected manuscripts will not be 
returned to the author(s) and the editors will not be responsible 
for loss or damage to photographs and illustrations sustained dur-
ing mailing.

Online submissions
Manuscripts should be submitted through the Online Submis-
sion System at: http://www.wjgnet.com/esps/. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (http://www.wjgnet.com/2220-3184/g_info_ 
20100722180909.htm) before attempting to submit online. For 
assistance, authors encountering problems with the Online Submi
ssion System may send an email describing the problem to wjmg@
wjgnet.com, or by telephone: +86-10-85381892. If  you submit your 
manuscript online, do not make a postal contribution. Repeated on-
line submission for the same manuscript is strictly prohibited.
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MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must be 
typed in 1.5 line spacing and 12 pt. Book Antiqua with ample mar-
gins. Style should conform to our house format. Required informa-
tion for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should be 
provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by ICMJE, based on (1) substantial contribu-
tions to conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it critically 
for important intellectual content; and (3) final approval of  the ver-
sion to be published. Authors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One au-
thor may be represented from two institutions, for example, George 
Sgourakis, Department of  General, Visceral, and Transplantation 
Surgery, Essen 45122, Germany; George Sgourakis, 2nd Surgical 
Department, Korgialenio-Benakio Red Cross Hospital, Athens 
15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  sup-
portive foundations should be provided, e.g. Supported by National 
Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should be 
provided. Author names should be given first, then author title, af-
filiation, the complete name of  institution, city, postcode, province, 
country, and email. All the letters in the email should be in lower 
case. A space interval should be inserted between country name and 
email address. For example, Montgomery Bissell, MD, Professor of  
Medicine, Chief, Liver Center, Gastroenterology Division, Universi-
ty of  California, Box 0538, San Francisco, CA 94143, United States. 
montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, coun-
try number, district number and telephone or fax number, e.g. Tele-
phone: +86-10-85381892 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJMG, review-
ers of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shang-
hai, Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 

Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Univer-
sity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P val-
ues where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles and brief  articles, the 
main text should be structured into the following sections: INTRO-
DUCTION, MATERIALS AND METHODS, RESULTS and 
DISCUSSION, and should include appropriate Figures and Tables. 
Data should be presented in the main text or in Figures and Tables, 
but not in both. The main text format of  these sections, editorial, 
topic highlight, case report, letters to the editors, can be found at: 
http://www.wjgnet.com/2220-3184/g_info_20100725072755.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the leg-
end rather than on the bar itself. File names should identify the fig-
ure and panel. Avoid layering type directly over shaded or textured 
areas. Please use uniform legends for the same subjects. For exam-
ple: Figure 1  Pathological changes in atrophic gastritis after treat-
ment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is our principle 
to publish high resolution-figures for the printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. Detailed 
legends should not be included under tables, but rather added into 
the text where applicable. The information should complement, 
but not duplicate the text. Use one horizontal line under the title, a 
second under column heads, and a third below the Table, above any 
footnotes. Vertical and italic lines should be omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 0.05, 
bP < 0.01 should be noted (P > 0.05 should not be noted). If  there 
are other series of  P values, cP < 0.05 and dP < 0.01 are used. A third 
series of  P values can be expressed as eP < 0.05 and fP < 0.01. Other 
notes in tables or under illustrations should be expressed as 1F, 2F, 3F; 
or sometimes as other symbols with a superscript (Arabic numerals) in 
the upper left corner. In a multi-curve illustration, each curve should 
be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.
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Coding system
The author should number the references in Arabic numerals ac-
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square brackets in superscript at the end of  citation content or after 
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normally. For example, “Crohn’s disease (CD) is associated with 
increased intestinal permeability[1,2]”. If  references are cited directly 
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“From references[19,22-24], we know that...”

When the authors write the references, please ensure that the 
order in text is the same as in the references section, and also ensure 
the spelling accuracy of  the first author’s name. Do not list the same 
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2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 

effect of  Jianpi Yishen decoction in treatment of  Pixu-diar-
rhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyperten-

sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462   
PMCID:2516377   DOI:10.1161/01.HYP.0000035706.28494. 
09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.ju. 
0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. BMJ 

2002; 325: 184 [PMID: 12142303   DOI:10.1136/bmj.325. 
7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 
of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
97/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary system. 

9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's computa-
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Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
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sure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, 
blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/2220-3184/
g_info_20100725073806.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on 
first mention in the text. In general, terms should not be abbrevi-
ated unless they are used repeatedly and the abbreviation is helpful 
to the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/2220-3184/g_info_20100725071
851.htm

Frontier: http://www.wjgnet.com/2220-3184/g_info_201007250719
32.htm

Topic highlight: http://www.wjgnet.com/2220-3184/g_info_201007
25072121.htm

Observation: http://www.wjgnet.com/2220-3184/g_info_20100725
072232.htm

Guidelines for basic research: http://www.wjgnet.com/2220-3184/
g_info_20100725072344.htm

Guidelines for clinical practice: http://www.wjgnet.com/2220-3184
/g_info_20100725072543.htm

Review: http://www.wjgnet.com/2220-3184/g_info_2010072507265
6.htm

Original articles: http://www.wjgnet.com/2220-3184/g_info_20100
725072755.htm

Brief  articles: http://www.wjgnet.com/2220-3184/g_info_20100725
072920.htm

Case report: http://www.wjgnet.com/2220-3184/g_info_201007250
73015.htm

Letters to the editor: http://www.wjgnet.com/2220-3184/g_info_20
100725073136.htm

Book reviews: http://www.wjgnet.com/2220-3184/g_info_2010072
5073214.htm

Guidelines: http://www.wjgnet.com/2220-3184/g_info_2010072507
3300.htm

SUBMISSION OF THE REVISED MANUSCRIPTS 
AFTER ACCEPTED
Authors must revise their manuscript carefully according to the 
revision policies of  Baishideng Publishing Group Co., Limited. The 
revised version, along with the signed copyright transfer agreement, 
responses to the reviewers, and English language Grade B certificate 
(for non-native speakers of  English), should be submitted to the 
online system via the link contained in the e-mail sent by the editor. 
If  you have any questions about the revision, please send e-mail to 
esps@wjgnet.com.

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor lan-
guage polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/2220-3184/g_info_20100725073726.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the reviewers’ 
comments can be found at: http://www.wjgnet.com/2220-3184/
g_info_20100725073445.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJMG will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released rap-
idly at EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
WJMG is an international, peer-reviewed, OA, online journal. Ar-
ticles published by this journal are distributed under the terms of  
the Creative Commons Attribution Non-commercial License, which 
permits use, distribution, and reproduction in any medium, provided 
the original work is properly cited, the use is non commercial and is 
otherwise in compliance with the license. Authors of  accepted arti-
cles must pay a publication fee. Publication fee: 600 USD per article. 
Editorial, topic highlights, book reviews and letters to the editor are 
published free of  charge.
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