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Abstract: 

Systematic literature search was performed regarding autism 

spectrum disorder in offspring and abnormalities in X –chromosome of 

parents due to their advanced age. Although no diagnostic tests are 

specified for identifying this disorder, several behavioral experiments 

are carried out for ensuring autistic syndromes in children. Several 

individual genes are contributing to autism spectrum disorders due to 

inactivation by point mutation such as deletions or duplications, copy 

number variations as well as in case of chromosomal abnormality 

especially in women with advanced age. Autism has been identified as 

highly heritable and genetically heterogeneous in some studies. The 

more commonly observed copy number variants as well as significant 

candidate genes for ASD are NRXN1, CNTNAP2, NLGN4X, RBOX1, 

CNTN4 and CDH18.Truncating mutations of chromo domain helicase 

DNA-binding protein 8(CHD8) represents one of the strongest known 

risk factors for ASD. Mutations in genes of X-chromosome result from 

advanced parental age which causes autism spectrum disorder in their 

offspring that is focused in this study. In the current study, 

contribution and relation of mutation in x chromosome in the case of 

Autism spectrum disorders (ASDs) have been explored and reviewed. 
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1 INTRODUCTION: 

 

Individuals with Autism spectrum disorders (ASDs) of 5-15% 

have an identifiable genetic etiology which corresponds to 

known chromosomal rearrangements by high resolution 

karyotyping or single gene disorders (Devlin and Scherer 2012). 

There is an increased assessment of the performance of de novo 

and inherited copy number variation (Abrahams and 

Geschwind 2008). Rare de novo and inherited copy number 

variations (CNVs) are too small to be tracked out by 

karyotyping (Cook Jr and Scherer 2008). Screening for CNVs 

has proven to be a rapid method to identify both large as well 

as small changes that are associated with ASD susceptibility 

(Devlin and Scherer 2012). 

Small percentage of autism cases because of mutations 

in MECP2 , PTEN , SHANK3 ,NLGN4X genes (Beaudet 2007). 

Several significant genes located on the X-chromosome, 

responsible for autism spectrum disorders that have been 

identified across several studies will be discussed in another 

chapter. Parental age whether it is teenage or advanced is the 

responsible factor for autism spectrum disorders (ASDs) will be 

discussed in this review in the form of epidemiological studies. 

Genes of X- chromosome are mainly focused in this study 

according to their categorisation because of their roles in the 

risk of ASD. Single gene mutations which results from 

independent studies of advanced paternal and maternal ages 

have been established as a main risk factor for ASD will be 

discussed here. 

 

1.1 Objectives  

 To find out the relationship of advanced aging and 

mutation in human 

 To establish that mutations in X-chromosome of parents 

causes ASD in offsprings                             
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2. GENETIC CAUSES OF ASDS: 

 

The genetic structure of autism spectrum disorders (ASDs) is 

complex and heterogeneous (Sugathan et al. 2014). The root 

cause of autism involves multiple genes , possibly varying in 

expression and in combination with external factors 

(Newschaffer et al. 2007, Lauritsen and Ewald 2001, Folstein 

and Rutter 1988).  Although mutation causes autism , 

mutations are not inherited (Beaudet 2007). It is established 

that de novo germline mutation is a more significant risk factor 

for autism spectrum disorders (Sebat et al. 2007).  Individual 

genes that contribute to ASD when they suffer heterozygous 

inactivation by coding mutation, copy number variations and 

balanced chromosomal abnormalities has been identified in 

recent discoveries (Sugathan et al. 2014). Because of many 

more germ cell divisions in male , mutation rate in germline is 

much higher in older males than older females (Crow 2000). 

The female germ cells undergo mutation at an accelerated rate 

with increasing age whereas mutation rate in father increases 

at a constant rate (Wong et al. 2016). 

Sebat et al. seeked out de novo copy number changes in 

children using an oligonucleotide array that is of 10% from 

simplex families(i.e., autism in a single family member) as well 

as 2% from multiplex families (i.e., autism in multiple family 

members) than 1% in controls (Miles 2011). Marshall et al. 

discovered unbalanced CNVs in 44% of 427 unrelated families 

with autism using a dense genome-wide single nucleotide 

polymorphism array  that were absent in control families (Miles 

2011). Many of these CNVs were inherited as well as only 7% 

were de novo in autistic persons of unknown cause (Miles 2011). 

However, significant limitations exist to our current 

understanding of CNVs as causes of ASD because unaffected 

parents as well as families may carry the same CNV as the 

ASD proband (Miles 2011).  
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A list of rare and highly penetrated copy number 

variants(CNVs) and single nucleotide variants(SNVs) related 

with ASDs have been unveiled by genome-wide copy number 

variant and sequence analyses (Jiang et al. 2014).  

However, patients with autism spectrum disorders could 

be diagnosed with four separate disorders : autistic disorder, 

Asperger‘s syndrome, pervasive developmental disorder-not 

otherwise specified (PDD-NOS), and childhood disintegrative 

disorder (Jiang et al. 2014) as well as genetic analysis of ASD 

can be carried out. Advanced paternal age (Reichenberg et al. 

2006, Croen et al. 2007) and advanced maternal age (Croen et 

al. 2007, Kolevzon, Gross, and Reichenberg 2007) have been 

shown to be associated with an increased risk of having 

offspring with ASDs  , possibly because of de novo spontaneous 

mutations and alterations in genetic imprinting. Imprinting is 

the process of methyl groups that is used to mark genes 

according to the parent from where they are inherited (Hall and 

Kelley 2014). It is easier to be controlled by imprinting whether 

maternal or paternal gene will be expressed in the offspring 

(Hall and Kelley 2014). There are possibilities of creation of 

disorders in offspring when loss of functions occur in paternally 

or maternally imprinted copy of gene (Hall and Kelley 2014). 

Some researchers have suggested that an epigenetic 

mechanism ( heritable changes in gene expression that occur 

without changes in DNA sequence) may be responsible (Lopez‐

Rangel and Lewis 2006). 

Candidate genes for ASDs such as NRXN1, CNTNAP2, 

NLGN4X, A2BP1(RBOX1), CNTN4, CDH18 , TMEM195 are 

the more commonly observed copy number variants detected in 

the cohort of a study (Jiang et al. 2014) that are shown in figure 

1. CNV studies have also led to the identification of autism 

candidate genes which are named SHANK3 (MIM 606230) and 

NRXN1 (MIM 600565) (Noor et al. 2010). 
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Mutations in SHANK3 gene ( chromosomal location 22q13.3 ) 

can cause severe verbal and social deficits in ASD children 

(Moessner et al. 2007). 

Rare and common genetic variants in contactin-

associated protein-like 2 (CNTNAP2), that is another 

member of the neurexin superfamily are also associated with 

ASDs (Fassio et al. 2011). 

 

 
Figure 01:  List of Copy Number Variants 

 

2.1 X-chromosome:  

The human X-chromosome refers to the sex chromosome being 

shared by both males and females that was shaped by it‘s 

evolution (Ross et al. 2005). Females inherit two X-

chromosomes from their parents (one from mother and one from 

father) , but male inherit one X-chromosome from mothers 

(Ross et al. 2005). Through the process of X-chromosome 

inactivation , gene expression on one of the female X-

chromosome remains silence early in the development and in 

female germline, the reactivation of this inactive X-chromosome 

occurs through meiotic recombination with the second X- 

chromosome (Ross et al. 2005). The male X-chromosome is 

restricted to such a kind of recombination , instead short 

regions at the tips of the X-chromosome arms recombine with 

equivalent segments on the Y-chromosome (Ross et al. 2005).  

The X-linked susceptibility genes are present in people 

with ASD (Chung et al. 2011b).  An X-chromosome duplication  

was inherited from a healthy ‗carrier‘ mother to her offspring 

with ASD (Beaudet 2007). Genome-wide linkage studies have 

smeared regions on the X-chromosome as well as marking off 

structural variants in genes for example neuroligin 4 , X-linked 
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(NLGN4X) manifest the potential role of X-linked genes in 

autism (Chung et al. 2011b). 

  Deletions in the Xp22.2 to Xp22.3 distal region contain 

NLGN4 and TBL1X  genes that are associated with autism 

have been shown by multiple studies (Chung et al. 2011b). Two 

other SNPs (rs5934665 and rs2188766) in the TBL1X gene that 

were identified , close to the chromosome-wide significance in 

the meta-analysis for males (Chung et al. 2011b). One intronic 

SNP , rs17321050 , in TBL1X was found that manifested 

chromosome-wide evidence of association in the meta- and joint 

analyses , strongly supporting TBL1X as a risk factor for ASD 

(Chung et al. 2011b).  

 

2.2  Description of located genes on the X-chromosome 

and their roles in the risk of ASDs: 

Genes that are located on the X-chromosome as well as their 

roles are descriped below according to their genetic 

categorization. ASD is genetically categorised into four major 

groups: syndromic , rare single gene variant , functional and 

genetic association (figure 2). 

                                                             

 
Figure 02: Categorisation of Autism Spectrum Disorders Genetically 

 

2.2.1 Syndromic ASDs:  

ASD is syndromic if autistic diagnosis is part of the clinical 

presentation of a known genetic syndrome and when the cause 

is unknown that is idiopathic (Jiang et al. 2014). When autism 

is associated with malformations or dysmorphic features it is 

called syndromic (Beaudet 2007).  In the case of idiopathic ASD 

, the maternally inherited duplication of the chromosomal 
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15q11-q13 Angelman and Prader-Willi syndrome region 

observed using traditional chromosome analysis is the best 

example of an associated chromosomal rearrangements (Jiang 

et al. 2014). 

 

 
Figure 03: The List of Genes that are Located on X-Chromosome 

Involving Syndromic ASDS. 

 

IQSEC2: Two truncating mutations in IQSEC2 namely two de 

novo intragenic duplication mapped to the Xp11.22 region and a 

nonsense mutation in exon 7 are characterized using array 

CGH(Comparative Genomic Hybridization) and exome 

sequencing (Tran Mau-Them et al. 2014). Truncating mutations 

in IQSEC2 are responsible for syndromic severe ID in male 

patients (Tran Mau-Them et al. 2014), encoding a guanine 

nucleotide exchange factor for the ADP-ribosylation factor 

family of small GTPases, caused this disorder (Shoubridge et al. 

2010). 

 

UPF3B: Mutations in the UPF3B gene , which encodes a 

protein involved in non-sense mediated mRNA decay (NMD), 

have recently been described in four families with specific, non-

specific X-linked autism (Laumonnier et al. 2010). NMD  is a 

surveillance pathway that exists in all eukaryotes. Its main 

function is to reduce errors in gene expression by eliminating 

mRNA transcripts that contain premature stop codons. 

Besides, we cannot omit a contribution of PHF8 deletion 

to the autism phenotype (De Wolf et al. 2014). 

 

MeCP2 : Methyl CpG binding protein 2 . Chromosome location 

Xq28 . De novo mutations in the MeCP2 gene were found in two 

autistic disorder females (Carney et al.). MeCP2 is a key player 
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in epigenetic processes and these proteins facilitate silencing 

genes by binding to the methylated regions of DNA (Hall and 

Kelley 2014). It is reported that MeCP2 mutations are 

incredibly rare in autism but some studies pointed their role in 

autism through epigenetic processes (Hall and Kelley 2014). 

 

2.2.2 Genetic Association: 

 The following genes have genetic association with autism 

spectrum disorder. One or more alleles will be seen more in an 

individual carrying the trait than expected by chance if genetic 

association is present. One of a pair , or series , of variant forms 

of a gene that occur at a given locus in a chromosome. In a 

normal diploid cell there are two alleles of any one gene (one 

from each parent ) which occupy the same relative locus. Within 

a population there may be more than two alleles of a gene that 

arise by mutation. 

 

Androgen receptor(AR) is encoded by a gene located on the 

X-chromosome(Xq11-12) (Henningsson et al. 2009). It  has been 

suggested that prenatal brain exposure to androgens may be of 

importance for the development of autism because of the higher 

prevalence of autism in men than in women (Henningsson et al. 

2009). In addition,both autism and autism related trait had 

been suggested to be associated with elevated levels of 

testosterone in fetus (Henningsson et al. 2009). Variation in the 

androgen receptor gene for the susceptibility of autism may 

play an important role in this case (Henningsson et al. 2009). 

Genotyping for three polymorphisms in exon 1(which encodes 

amino terminal end of the AR gene) of the AR gene: the CAG 

repeat,GGN repeat and rs6152 SNP was held verified in 

case(withASD)-control groups (Henningsson et al. 2009). These 

three polymorphisms are situated close  to each other and are 

in linkage disequilibrium that were not considered independent 

(Henningsson et al. 2009). In addition, a higher  manifestation 

of short CAG alleles as well as of the A allele of the rs6152 SNP 
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in female cases was appeared in case-control comparisons and 

mean length of the CAG allele was shorter in patients than 

controls (Henningsson et al. 2009). Short CAG repeats are 

associated with higher testosterone levels in women 

(Henningsson et al. 2009). It was not provided any support 

regarding the influence of CAG repeat in the AR on the risk of 

autism in males (Henningsson et al. 2009). 

 

Association between Acetylserotonin O-

methyltransferase (ASMT) and autistic  like traits: 

The low activity of acetylserotonin o-methyltransferase (ASMT) 

enzyme decrease the levels of melatonin in individuals with 

autism spectrum disorders because of variations within the 

ASMT gene (Jonsson et al. 2014). Melatonin is involved in the 

regulation of immune responses and neurodevelopmental 

processes (Jonsson et al. 2014). 

 

 
The study showed correlation with autism: 

•Mutations in the ASMT gene 

•Promoter region of ASMT influence mRNA transcription 

(Jonsson et al. 2014) 

 

CD99L2: 2,012 genes of known immune –function were 

identified via Ingenuity Pathway Analysis, a bioinformatics 

database (Ramos et al. 2012). It was observed that there was 

significant associations in the CD99 molecule- like 2  region 

(CD99L2), in the jumonji AT rich interactive domain 2 

(JARID2) gene and in the thyroid peroxidase gene (TPO) 

(Ramos et al. 2012). 
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IL1RAPL1: One patient study showed IL1RAPL1 gene 

disruption would be predicted to result in a truncated protein 

and may account for autism (Figure 4) , but further studies is 

needed to be confirmed (Bhat et al. 2008). IL1RAPL1 is a gene 

related to ASD candidate gene (Griswold et al. 2015). 

 

MAOA: Meta-analysis demonstrated that across studies , the 

association between maltreatment as well as mental health 

problems is effectively stronger in the group of males with the 

genotype conferring low vs. high MAOA activity (Kim-Cohen et 

al. 2006). 

 

Mediator of RNA Polymerase II transcription (MED)12 

(HOPA) is a 25-kb Xq13 member of the mediator complex 

which plays a crucial role in the complex as well as directly 

moderates receptor tyrosine kinase, nuclear receptor ,Wnt and 

participates in the recognition of certain members of the SOX 

family of genes (Philibert and Madan 2007). 

MED12 is sided centromerically by the IL-2 receptor 

gamma chain, a gene that is mutated in X-linked severe 

combined immunodeficiency  as well as telomerically by 

Neuroligin-3 (NLGN3), a gene in which variations linked to 

autism have been noticed (Philibert and Madan 2007). 

Sequence variation in MED12 has been determined to two 

forms of X-linked mental retardation and a form of positive-

syndrome psychosis (Philibert and Madan 2007). 

 

TBL1X  gene is transducin(beta ) like 1 x-linked whose 

location is Xp22.31-p22.2 and it has been described in 4.1 of 

this cahapter. The region containing TBL1X carries CNVs that 

have been involved with a diverse range of neurodevelopmental 

phenotypes (Chung et al. 2011a). 
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2.2.3 Rare Single Gene Variant: 

Rare variants are alternative forms of a gene that are present 

with a minor allele frequency (MAF) of less than 1%. Rare 

variants play a significant role in complex disease as well as 

some Mendelian conditions. Rare single gene variant alters the  

specific function of a single gene which results in 

neurodegenerative diseases like autism.  

Several rare single gene variants are followings: 

 

ARHGEF9: An 8-year- old female with autism spectrum 

disorder(ASD) was reported to carry a de novo 82 kb deletion of 

chromosome Xq11.1-11.2 involving the ARHGEF9 gene on 

chromosomal microarray (Bhat et al. 2016). 

 

HNRNPH2: is situated at Xq22.1 that encodes a member of a 

family of ubiquitous heterogeneous nuclear ribonucleoproteins 

(HNRNP) (Bain et al. 2016). The HNRNPs are a large group of 

RNA binding proteins having distinct nucleic acid binding 

properties that act as a shuttle between the nucleus and the 

cytoplasm as well as act on pre-mRNA to positively or 

negatively affect spliceosome assembly at nearby splice sites, 

thereby controlling pre- mRNAsplicing (Bain et al. 2016). These 

proteins play a crucial role in controlling gene expression (Bain 

et al. 2016). The failure to recognize affected males, the severity 

of the neurodevelopmental phenotype in females, as well as the 

fundamental role of this gene suggests that male concept uses 

with these variants may  be impossible (Bain et al. 2016). 

As genes from the GABAergic pathway have previously 

been thought to be associated in the pathophysiology of ASD , 

there is a report of ASD patients with truncating mutations in 

GABA receptors genes (Piton et al. 2013).   

 

KIAA2022: The study showed the patient of only mild ID with 

severe language delay and repetitive behaviors as a result of 

decreased KIAA2022 expression that is falling in the range of 
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an autism spectrum disorder(ASD) (Van Maldergem et al. 

2013). 

 

PTCHD1: Mutations in the X-chromosome PTCHD1(patched-

related) gene were reported in seven families with autism 

spectrum disorder (Noor et al. 2010). Recent studies of sub-

microscopic genomic copy number variation (CNV) have 

identified several loci which are associated with Autism 

Spectrum Disorder (Noor et al. 2010).  The 167 kb deletion at 

PTCHD1 was found to be transmitted from a heterozygous 

unaffected mother to two affected dizygotic twin sons ,also to an 

unaffected daughter (Noor et al. 2010). 

 

RAB39B: RAB39B, which is one of the RAB GTPase proteins of 

unknown function , as well as understanding how the absence 

of RAB39B involved in the pathology of XLMR associated with 

autism spectrum disorder and macrocephaly is therefore 

particularly connate for understanding the pathogenesis of the 

disease (Giannandrea et al. 2010). 

 

SYN1: an X-linked gene encoding for a neuron -specific 

phosphoprotein involved in the regulation of neurotransmitter 

release and synaptogenesis in which a Q555X mutation is 

reported that is associated with ASD (Fassio et al. 2011). 

 

SLC7A3 gene is located on the X-chromosome and encodes 

cationic amino acid transporter(CAT-3) (Nava et al. 2015). The 

patient carrying most deleterious SLC7A3 variant had high-

functioning autism as well as carries a de novo 16p11.2 

duplication possibly contributing to his phenotype (Nava et al. 

2015). 

An analysis revealed a paternally inherited two-exon 

intragenic deletion of NRXN3 and a de novo missense mutation 

of NLGN2 in proband 13367.pl (Krumm et al. 2015). Both of 

genes are ASD risk factors (Krumm et al. 2015). 
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TSPAN7: A 121-kb duplication was identified spanning seven 

exons of TSPAN7 in an affected son that is inherited from an 

unaffected mother in a family from Newfoundland (Noor et al. 

2009). Mutations in TSPAN7 may be the causal agent of autism 

was hypothesized in this study, but no coding mutations were 

identified among the probands( a person serving as the starting 

point for the genetic study of a family) (Noor et al. 2009). 

However , the involvement of TSPAN7 mutations in a very 

small fraction of autism patients can not be cropped (Noor et al. 

2009). 

 

TMLHE: A deletion of exon 2 of the trimethyllysine 

hydroxylase epsilon (TMLHE) gene in a proband with autism 

was reported (Celestino-Soper et al. 2012). TMLHE deficiency 

results in the loss of ability to make carnitine in the body and 

this common  inborn error of metabolism may be significantly 

frequent in male- male sib pairs (Celestino-Soper et al. 2012). 

Carnitine biosynthesis is a method for the endogenous 

production of L-carnitine, a molecule that is essential for energy 

metabolism (Celestino-Soper et al. 2012). In humans and many 

other animals, L-carnitine is obtained from both diet and by 

biosynthesis (Celestino-Soper et al. 2012). The TMLHE gene is 

on the X-chromosome so that it is sex- linked and occurs 

predominantly in males and encodes the first enzyme in 

carnitine biosynthesis, 6-N-trimethyllysine dioxygenase 

(Celestino-Soper et al. 2012). However, the carnitine pathway 

may provide a novel target for therapy or prevention of autism 

(Celestino-Soper et al. 2012). 

 

WNK3: Duplication or deletion of the genomic location 

surrounding the WNK3 gene has been found in individuals with 

ASD (Lee et al. 2012). 
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2.2.4 Functional ASDs :  

    
          Gene Name                                                                       Chromosome Band 

SLC25A14     Solute carrier family 25(mitochondrial  

                          carrier brain)member 14                                   Xq26.1 

FMR1   Fragile X mental retardation 1                                   Xq27.3                                  

 

FAM120C: FAM120C belongs to a novel family of putative N-

glycosylated transmembrane  proteins , including FAM120A 

(9q22.31) and FAM120B (6q27) (De Wolf et al. 2014). FAM120C 

is identified as a novel X-linked candidate gene for autism for 

two reasons: first , a larger deletion encompassing FAM120C 

segregates with autism in a previously reported family and 

second , there is recent evidence that FAM120C interacts with 

CYFIP1, part of the FMRP (Fragile X Mental Retardation 

Protein) network (De Wolf et al. 2014). 

The Fragile X syndrome is a familiar genetic reason of 

ASD , involving by mutations in FMR1 , resulting in a loss of 

function of FMRP (De Wolf et al. 2014). 

 

2.3 Others: 

Engrailed 2 (EN2) is a Wnt target gene that has been 

involved with autism in several studies (Chung et al. 2011b). 

The WNT2 gene (Wingless-type mouse mammary tumor virus 

integration site family, member 2)  is identified as a candidate 

gene for autism (Chung et al. 2011b) .  

There are insufficient data to carry out a similar 

analysis specially for DMD and ASD (Pagnamenta et al. 2011). 

All mutations or copy number variants (CNVs) 

associated so far with ASD have been uncommon, with minor 

allele frequencies <1% (Nava et al. 2012). A few de novo or 

inherited CNVs , some of which are frequent , such as 

duplications of the 15q11-q13 or 7q11.23 as well as deletions of 

16p11.2 regions ,were found to confer a highly penetrant risk of 

autism (Nava et al. 2012). 
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Truncating mutations of chromodomain helicase DNA-

binding protein 8(CHD8) represents one of  the strongest 

known risk factors for ASD (Sugathan et al. 2014). A protein is 

shortened by a truncation mutation which specially induces 

premature termination of messenger RNA translation. CHD8 

regulates in neural progenitor cells by reducing its expression 

and trancriptome sequencing with genome wide CHD8 binding 

(Sugathan et al. 2014). Genes indirectly down –regulated(i.e. 

without CHD8 binding sites) involve in the pathways of brain 

development including synapse formation, neuron 

differentiation, cell adhesion, axon guidance, whereas CHD8 

bound genes are strongly associated with chromatin 

modification and transcriptional regulation. Genes associated 

with ASD were present in down-regulated loci (Sugathan et al. 

2014). 

It has been shown that common variants of GRM3 

(Metabotropic glutamate receptor 3) have association with ASD 

while rare copy number variants in GRIK4(glutamate receptor , 

ionotropic , kinate 4) have been employed (Griswold et al. 2015). 

Chromodomain helicase DNA-binding protein 8 (CHD8) 

insufficiency may be a central hub in neuronal development 

and ASD risk (Wilkinson et al. 2015). 

 

2.3.1 Angiotensin Receptor 2 (AGTR2) and X-linked 

mental retardation: 

The study showed the expression of the AGTR2 gene that had 

been absent in a female patient with mental retardation(MR), 

who had a balanced X (Vervoort et al. 2002). Additionally , one 

frameshift and three missense mutations in AGTR2 gene 

(Figure 4)  had been found in 8 of 590 unrelated male patients 

with MR (Vervoort et al. 2002). The study findings suggested 

that there is a role of AGTR2 in brain development and 

cognitive function (Vervoort et al. 2002). 
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Figure 04: Occurrence of Three Significant Mutations on these 

Represented Genes Causing the Risk of Autism Spectrum Disorders. 

 

2.3.2 Detection of a 17q12 recurrent microduplication in 

a patient with ID and Autism:  

Bold chromosomal aberrations detected by rapid cytogenetic 

analysis responsible for about 6-7% of ASDs (Brandt et al. 

2012). Copy number variants(CNVs) or submicroscopic 

chromosome aberrations account for an additional 10% of 

patients identified by array comparative genomic 

hybridization(aCGH) and confirmed by fluorescence in situ 

hybridization(FISH) (Brandt et al. 2012). In array comparative 

genomic hybridization , a normal control DNA as well as a 

patient DNA are labeled with different coloured fluorescent 

dyes which are then hybridized to cloned DNA fragments or 

oligonucleotides on a glass slide (Beaudet 2007).The relative 

intensity of two dyes identifies variations in genomic copy 

number between two samples (Beaudet 2007). 

  Recurrent microdeletion at chromosome 17q12,which 

ranges in size from 1.4 to 1.8Mb is one of the such copy number 

variants(CNVs) (Brandt et al. 2012). Microduplication formed 

de novo as a result of maternal interchromosomal event that 

was indicated by parental analysis (Brandt et al. 2012). In a 

study, Affymetrix 6.0 SNP microarray analysis was 

accomplished to designate the parent of origin of this de novo 

17q12 microduplication and stated that the aberration was 

formed maternally (Brandt et al. 2012). At SNP loci in which 

parents were each homozygous for a different  allele, patient 



Urmi Rahman Rinik, Asif Ahmed- X-Linked Gene Effects on Offspring of Autism 

Spectrum Disorders  

 

 

EUROPEAN ACADEMIC RESEARCH - Vol. VI, Issue 6 / September 2018 

3081 

consistently inherited a third allele from his mother and the 

results were consistent with an interchromosomal event 

generating aberration when the father is homozygous and the 

mother is heterozygous at SNP loci (Brandt et al. 2012). 

It is reported in a study that a Chinese newborn had 

dismorphic features,microcephaly and valvar aortic 

stenosis,who was confirmed to have a 790kb microduplication 

in chromosome 17p13.3 by array comparative genomic 

hybridization(aCGH) (Ho et al. 2012). 

 

Lessons that are learned from the large CNVs: 

• Gene dosage imbalance-Heterozygous sporadic mutations 

• Individually rare,but collectively common(de novo and 

inherited) 

• Large CNVs account for 14.2% intellectual disability-7 to8% 

autism spectrum disorders 

• Importance of genome –wide discovery followed by more 

detailed phenotyping 

 Problems 

 CNVs identify regions of genic imbalance but in most 

cases not specific genes 

 Most CNVs are of unknown significance 

 

2.3.3 Cryptic gain of proximal 15q causing autism in a 

multiplex family: 

In approximately 1% of cases, duplication of the 15q11-13 

region has been reported as a strong etiology of autism 

spectrum disorders in a study (Koochek et al. 2006). Two 

individuals from a multiplex family demonstrate autism due to 

a maternally inherited gain of 15q11-13 through clinical, array 

–comparative genomic hybridization (CGH) and cytogenetic 

evaluation (Koochek et al. 2006). Chromosome 15q11.2-13 is 

detected as a hotspot for rearrangements including deletions, 

duplications, triplications, inversions, translocations due to the 

large number of low copy repeat sequences in this region 
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(Koochek et al. 2006). However, these rearrangements are 

primarily intrachromosomal with deletions and duplications 

involving only  the altered 15 homolg(12) (Koochek et al. 2006). 

Chromosome 15‘s long arm has been implicated with findings  

of micro-duplications in the so called ―autism candidate region‖ 

amongst many reports (Simic and Turk 2004). 

 

 

The bold genes are more significant 

Figure 05: X-Chromosome with Bands and the Relative Genes  

Located on these Bands are  Represented. 

 

3. DISCUSSION: 

 

Whole genome sequencing studies joining older fathers to 

higher rates of de novo mutations in some genes and the risk of 

ASD in offspring which gives special attention to paternal age 

(Beaudet 2007). These differences in studies are likely due to 

issues such as sample size and characteristics , missing data , 

case ascertainment , covariate adjustment (Lee and McGrath 

2015). It should be inferred the contribution of rare de novo 

copy number variations(CNVs) and transmitted duplications 

with ASD. There are several observations such as  a higher 

incidence of de novo copy number variations in children with 

ASDs from simplex families (a single member of families with a 

specific disease) than in their siblings as well as ASDs children 

20 x-linked 

genes out of 69 

x-linked genes 

have been 

reported to be 

associated with 

ASD in this 

study  
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from multiplex families(multiple members from families with a 

specific disease) , duplications outweigh deletions in case of  

transmitted rare variants  but deletions outweigh duplications 

in de novo events in children with ASDs , evidence of 

transmission distortion to offspring with ASDs for ultrarare 

events , bias arises due to reported unaffected male sibling , 

detectable de novo copy number variants are higher in females 

with ASDs than ASD males but females are less likely to be 

diagnosed with ASDs than males (Pinto, Pagnamenta, Klei, 

Anney, Merico, Regan, Conroy, Magalhaes, Correia, Abrahams, 

et al. 2010, Marshall et al. 2008, Zhao et al. 2007, Sebat et al. 

2007). Female children  seem to be more resistant in the 

development of ASDs than male children as well as harmful 

large copy number events are noticed more frequently in 

affected females , because there are lesser target genes for 

inducing ASDs in females than males (Gilman et al. 2011). A 

faster motion of development might mirror a robustness that 

offers protection in females , for example speaking their first 

words at an earlier age generally (Richler et al. 2010, Roze et 

al. 2010). There is lack of evidence under reasonable prediction 

of the rate of observable contributory transmitted CNVs(7%) as 

well as a robust bias toward transmission from mothers of 

contributory events(75%) (Levy et al. 2011). However , it is 

worth considering that male and female children with higher 

risk genotypes may face difficulties in later stages of their  lives 

or may be not. 

The genetic basis of autism may be explained by 

dominant acting genetic variants but certainly not  all. A 

genetic model that assumes about half of the ASDs result from 

new mutations as well as high penetrance of a selected set of  

single mutational hits (Levy et al. 2011). There are large 

number of inevitable target loci for ASDs but small number of 

recurrent loci has been detected from several events such as 

NRXN1 ( encoding neurexin 1) which is a well-established 

candidate gene for ASDs as well as schizophrenia (Pinto, 
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Pagnamenta, Klei, Anney, Merico, Regan, Conroy, Magalhaes, 

Correia, and Abrahams 2010, Kim et al. 2008, Ching et al. 

2010) , maternally inherited deletions at the X-linked DDX53 

locus (encoding a DEAD-box RNA  helicase of unknown 

function) have been associated with ASDs in males (Pinto, 

Pagnamenta, Klei, Anney, Merico, Regan, Conroy, Magalhaes, 

Correia, and Abrahams 2010). The linkage of the X-

chromosomal NLGN3 locus (encoding neuroligin 3) to ASDs has 

not been somewhat clear , but first independent confirmation 

for a role of NLGN3 mutations in the pathogenesis of ASDs was 

provided by the 33 kb deletion in NLGN3 from 11689 families 

that was discovered in a study (Levy et al. 2011). 

The risk of a de novo CNV is not related to the age of 

either parent that has been reported in a study (Beaudet 2007). 

Approximately 10% of the ASD individuals have been identified 

with Mendelian condition or genetic syndrome (Devlin and 

Scherer 2012).The ratio of de novo CNVs which is three-fold to 

five-fold higher in ASD families than controls (Devlin and 

Scherer 2012). Fathers of autistic individuals carry traits such 

as shyness as well as aloofness  related with the autism 

phenotype which may limit interaction with women leading to 

late paternity (Hultman et al. 2010). Mutation was considered 

to be paternal in origin because of the transmission of the 

paternal haplotype of the proband to his or her child as well as 

the child carries mutation (Kong, Frigge, Masson, Besenbacher, 

Sulem, Magnusson, Gudjonsson, Sigurdsson, Jonasdottir, 

Jonasdottir, et al. 2012). It is guessed that mutation presents 

on the maternal chromosome of the proband if the child  

carrying the paternal haplotype was inherited from the parent  

who does not have the mutation  (Kong, Frigge, Masson, 

Besenbacher, Sulem, Magnusson, Gudjonsson, Sigurdsson, 

Jonasdottir, Jonasdottir, et al. 2012). 

Copy number variations may not be enough to achieve 

clarity as well as looking for deletions , duplications are not 

adequate to explain the majority of gene mutations because of 
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that further deeper understandings will be demanded at the 

mechanistic level (Levy et al. 2011). There are several 

limitations in this study such as absence of genetical data and 

family history of ASDs children because of unavailable 

information regarding linkage of X-chromosome mutation and 

older parental age in the poor and developing countries. 

Autism is linked with a high degree of heritability but a 

small number of specific mutations have been reported that are 

accounted for minority of cases (Stephan 2008, Sykes and Lamb 

2007, Wang et al. 2009, Aso et al. 1996, Zoghbi 2005) while the 

most of the cases are scattered (Alter et al. 2011). Older fathers 

might increase the risk of autism in their offspring as a result 

of transmission of an effect on global levels of gene expression 

regulation (Alter et al. 2011). Mutations in X-linked genes are 

coincidence but it has been reported that these events increase 

with advanced parental age. Mutation is not inherited but copy 

errors in germ cells  of older fathers  during childbirth causes 

de novo mutations in offspring with ASDs. Multiple studies of 

whole genome or exome sequencing have identified the 

presence of de novo loss- of -function single nucleotide variants 

in older fathers contributing to ASDs in offspring (Jiang, Yuen, 

Jin, Wang, Chen, Wu, Ju, Mei, Shi, and He 2013, Kong, Frigge, 

Masson, Besenbacher, Sulem, Magnusson, Gudjonsson, 

Sigurdsson, Jonasdottir, and Jonasdottir 2012, O‘Roak et al. 

2012, Sanders et al. 2012, Dong et al. 2014). Numerous effective 

down-regulated genes were noted in the blood  of autistic 

children as well as children of older fathers than up-regulated 

genes (Alter et al. 2011). The occurrence of autism spectrum 

disorders are higher in male offspring as X-linked mutations 

are inherited by them from their unaffected mothers (Jiang, 

Yuen, Jin, Wang, Chen, Wu, Ju, Mei, Shi, He, et al. 2013). 

However, X-linked copy number variants are significant 

candidates for the risk of ASDs although the association of 

advanced parental age and CNVs has not been well established. 

Advancing maternal age increase chromosomal abnormalities of 
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both structural and numerical (Nielsen and Wohlert 1991), 

leading to several congenital disorders. However, further 

studies on mechanisms of de novo mutations linked advanced 

parental age and the risk of ASDs  become worth mentioning. 

 

4. CONCLUSION: 

 

Offspring inherit  X-chromospome  duplication from their 

healthy ‗carrier‘ mother. X-chromosome deletions or 

duplications may remain phenotypically silent in female 

offspring but can be expressed easily in male offspring. The role 

of mutation in X-linked genes is complex and heterogeneous. 

Twenty X-linked genes out of sixty-nine X-linked genes have 

been reported to be associated with ASD in this study. 

Individual genes contribute to ASD when they suffer 

heterozygous inactivation by coding mutation, copy number 

variations and chromosomal abnormalities. Available 

information should be in the National Birth Registry, 

Bangladesh about date of birth of children, parent‘s age, health 

condition of parents, name of mother and father etc which can 

provide the actual facts of disorders in progenies.  
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