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Dyslexia also known as speciﬁc reading disorder is a complex heritable disorder with unexpected diﬃculty in
learning to read and spell despite adequate intelligence, education, environment, and normal senses. Over past
decades, researchers have attempted to characterize dyslexia neurobiological and genetic levels and unfold its
pathophysiology. The genetic research on dyslexia has received attention in Asia from the last decade. Though
limited by diﬀerent constraints the studies from Asia have been able to gather signiﬁcant evidence in this ﬁeld.
We present a review of studies of genetics in Asian population and suggest future directions.

1. Introduction
Speciﬁc reading disorder also known as dyslexia is formally deﬁned by
International Dyslexia association (IDA) as a speciﬁc learning disability
that is neurobiological in origin characterized by diﬃculties with accurate
and/or ﬂuent word recognition and by poor spelling and decoding abilities
which typically results from a deﬁcit in the phonological component of
language that is often unexpected in relation to other cognitive abilities
and the provision of eﬀective classroom instruction (Lyon, 1995). It accounts to 80 to 90% among all learning disorders (Altarac and Saroha,
2007). The life time prevalence of dyslexia in the age group 3 to 17 years
of age is 9.7%. Similarly, the prevalence among the children with special
health care needs is 28% compared to 5.4% in typically developing children (Altarac and Saroha, 2007). Over past decades, researchers have
attempted to characterize dyslexia at cognitive, neurobiological and genetic levels, and have sought to uncover causal pathways between the
diﬀerent levels. The precise underlying biological and cognitive mechanisms of dyslexia are still unclear (Fletcher, 2009). Three converging lines
of evidence (family, twin and molecular genetic studies) indicate that
dyslexia is highly familial and heritable, but the pathophysiology and
mode of transmission are unknown. The clustering of cases in the families,
concordance rates in the twins and susceptibility loci in chromosomes
strongly suggest the genetic basis of the disorder (Scerri and SchulteKörne, 2010). Studies have shown that the proportion of variance in
reading skills that is explained by genetic endowment is high, with heritability estimates ranging from 0.4 to 0.8. At the same time, it is clear that
the genetic architecture underlying dyslexia is complex and multifactorial,
involving a combination of polygenecity and heterogeneity (CarrionCastillo et al., 2013).
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At least nine dyslexia susceptibility regions have been mapped and allocated names from DYX1 to DYX9 successively and association studies
have identiﬁed underlying candidate genes at most of these regions like
DYX1C1 (15q 21), DCDC2 and KIAA0319 (6p22.3-p21.3), MRPL19 and
C20RF3 (2p16-p15), ROBO1(3p12-q13), KIAA0319L(1p36-p34) (Scerri and
Schulte-Körne, 2010). Other candidate genes that have been identiﬁed are
PCNT, DIP2A, S100B, PRMT2 (Poelmans et al., 2009). Once candidate
genes have been identiﬁed by genetic association studies, the ﬁnal step in
elucidating the pathway through which they contribute to the disease is the
determination of their physiologic function. The disease variant then can be
evaluated for how they contribute to the disease susceptibility. In the case of
Dyslexia, three genes (DCDC2, KIAA0319, and DYX1C1) appear to inﬂuence
the migration of developing neurons during early embryogenesis, while
ROBO1 appears to aﬀect the extension of axons from neuron cell bodies
(Meng et al., 2005; Gibson and Gruen, 2008; Levecque et al., 2009;
Hannula-Jouppi et al., 2005).
In modern genetic studies (linkage and association studies) the most
common marker used are SNPs (Single Nucleotide Polymorphisms)
which are the variations in single bases that occur in the order of one
per 100 bases of DNA (Gregory and Gilbert, 2001). SNPs are the most
abundant type of genetic marker and their high density makes them
ideal for studying the inheritance of genomic regions (Baird et al.,
2008). SNPs may be linked to genetic predispositions, frank disorders or
adverse drug responses, or they may serve as genetic markers in linkage
disequilibrium analysis. The decoding of the human genome and the
resulting greater than 3 million single nucleotide polymorphisms
(SNPs) present exciting avenues to study the impact of genetic variations on complex phenotypes (Bao et al., 2005). Similarly, in the
modern research of dyslexia various copy number variants have been
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1.1. DYX1C1

identiﬁed. These are structural variation, speciﬁcally, a type of duplication or deletion event that aﬀects a considerable number of base pairs
(Sharp et al., 2005) and these are identiﬁed by using SNPs; associating
copy number variations with speciﬁc haplotype SNPs by analyzing the
linkage disequilibrium (Conrad and Antonarakis, 2007).
Most of the studies in genetics of dyslexia has been done in the
children of European and American origin. However, in recent years the
research in this ﬁeld has also been done in children of Asian countries.
Among the countries of Asia, the studies are limited to the India and
China. We aim at reviewing the studies that have been done in the
setting of Asia and discuss about their limitations and future directions.
All studies conducted in population of the Asia, which explored the
genetics in dyslexia were considered eligible for the present review. The
databases of PubMed, Google Scholar and PsycINFO were systematically searched for studies. Search was conducted in April 2017. The
search was conducted using diﬀerent search terms: dyslexia [Title/
Abstract] AND genes [Title/Abstract], dyslexia [Title/Abstract] AND
“Asia” [All Fields]), reading disorder [Title/Abstract] AND genes
[Title/Abstract], reading disorder [Title/Abstract] AND Asia [All
Fields], dyslexia [Title/Abstract] AND genetics [Title/Abstract],
reading disorder [Title/Abstract] AND genetics [Title/Abstract]. 431
articles were retrieved from the search. English studies were selected
for review after reading the abstracts and titles. Among the studies 19
original studies were found and used for review.
The diﬀerent candidate genes that have been studied in Asian population are shown in Table 1 and individual genes are described below:

It is the a 78-kb gene located in chromosome 15 region and is ﬁrst
implicated dyslexia candidate following study of a Finnish family
transmitting a chromosomal translocation at 15q21 (Bates et al., 2010).
The main role of this gene has been implicated in the neuronal migration during the development of neocortex (Wang et al., 2006). A
study in India looked at four SNPs corresponding to DYX1C1 candidate
gene in 52 dyslexic children and 51 control children of 8–14 years of
age using DNA sequencing and found no association of four studied
SNPs (Saviour et al., 2008). Similarly, another study studied 6 SNPs
corresponding to the DYX1C1 genes in 50 children of reading disorder
and 50 control children of the age groups 6- 18 years using DNA sequencing. This study too did not ﬁnd any signiﬁcant association with a
single SNP (Venkatesh et al., 2011). Similarly, Venkatesh et al. took 210
cases with dyslexia and 256 age-matched controls. Ten single-nucleotide polymorphisms (SNPs) of DYX1C1 were genotyped in the sample
using DNA sequencing. A signiﬁcant association was observed for the
homozygous genotype (GG) of the SNP rs12899331 (3.12%) and individual allele frequency (P = 0.039). This study concluded the promoter SNP rs12899331 of DYX1C1 may contribute towards the manifestation of dyslexia (Venkatesh et al., 2014). In a sample of 284
unrelated Chinese children aged 5 to 11 years from Chinese Longitudinal Study of Reading Development were tested for DYX1C1 gene.
Signiﬁcant or marginally signiﬁcant associations were observed at the
marker rs11629841 with children's orthographic judgments especially

Table 1
Studies of genetics of Dyslexia in Asian population.
Study

Sample(n)

Ethnicity

Candidate gene

Results

Chen et al., 2015

502 cases and 522
controls
502 cases and 522
controls
196 cases and 196
controls
409 cases and 410
controls
393 individuals from
131 family

Chinese

GNPTAB, GNPTG and NAGPA

Chinese

DRD2 and SLC6A3

Uyghur Chinese

DCDC2

Chinese

DIP2A

Chinese living in
Hong Kong

KIAA0319

393 individuals from
131 family
76 cases and 79 controls

Chinese living in
Hong Kong
Han Chinese

DYX1C1

Positive association
(rs17031962 of GNPTAB and rs882294 of NAGPA)
Positive association
(rs1079727 of DRD2)
Positive association
(rs807724, rs2274305, and rs4599626)
Positive association
(rs2255526)
No associated
Haplotype consisting of rs2760157 and rs807507 associated with
phonological awareness
Positive association
(rs3743205)
No association

50 cases
50 control
409 cases 410 controls

Indian

DYX1C1, DCDC2 and
KIAA0319
DYX1C1, DCDC2, KIAA0319,
ROBO1, KIAA0319L, and DOCK4

Chinese

DCDC2, KIAA0319

Indian

PCDH11X

Duplications in ﬁve cases and a deletion in one case in Xq21.3
region bearing PCDH11X

Indian

DYX1C1

No association

Indian

DCDC2
KIAA0319
MRPL19/C2ORF3, ROBO1 and
THEM2
DYX1C1

Positive association (rs4504469 of KIAA0319)
Negative for DCDC2
No association

Zhang et al., 2012

502 cases and 522
controls
11 families
14 cases and 24 family
members
52 cases
51 controls
210 cases
256 controls
157 cases
212 controls
220 cases
256 controls
288 cases and 343
healthy controls
284 children

Zhang et al., 2016
Zhao et al., 2016

Chen et al., 2014
Chen et al., 2017
Kong et al., 2016
Lim et al., 2014

Lim et al., 2011
Zou et al., 2012a,
2012b
Saviour et al., 2008
Shao et al., 2015

Sun et al., 2014
Veerappa et al.,
2013
Venkatesh et al.,
2011
Venkatesh et al.,
2013
Venkatesh et al.,
2013
Venkatesh et al.,
2014
Wang et al., 2017

Chinese

Indian
Indian
Chinese

DCDC2

Han Chinese

Intergenic variant between CERBBP
and ADCY9
DYX1C1

284 children

Han Chinese

DCDC2

196 cases 196 controls

Uyghur Chinese

KIAA0319

226

No association
Positive Association
(rs28366021 of KIAA0319L, rs4504469 of KIAA0319 and
rs2074130 of DOCK4). Odds ratio increased with increasing
number of risk alleles
No association

Positive association
(rs1289933)
Positive association
(rs8049367)
Positive association of rs11629841 with orthographic judgment
and Chinese character dictation
Positive association of Minor allele of rs807724 with poor reading
performance
Positive association
(rs6935076 and rs3756821)
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rs4504469 of KIAA0319 making this gene an important risk gene. In a
similar study (Zhao et al., 2016), 18 single-nucleotide polymorphisms
(SNPs) of KIAA0319 in a group of 196 children with dyslexia and 196
controls of Uyghur descent aged 8–12 years; it was seen 7 SNPs of
KIAA0319 had nominal signiﬁcant diﬀerences between the cases and
controls under speciﬁc genotypic models. Two SNPs, rs6935076 and
rs3756821, remained signiﬁcantly associated with dyslexia after Bonferroni correction. Linkage disequilibrium analysis showed three blocks
within KIAA0319, and only a 10-SNP haplotype in block 3 to be present
at signiﬁcantly diﬀerent frequencies in children with dyslexia and
controls. This study indicated that genetic polymorphisms of KIAA0319
are associated with an increased risk of dyslexia in the Uyghur population. This gene was also studied in a Chinese cohort with 502 cases of
dyslexia and 522 healthy controls. Six SNPs out of 32 (rs69946,
rs16889556, rs1091031, rs3903801, rs12193738, rs3756821) had positive association. After logistic regression for age and sex, only
rs699463 and rs16889556 showed positive association. However, none
of these SNPs remain signiﬁcant after Bonferroni correction for multiple
comparisons (Sun et al., 2014). In another study (Lim et al., 2014) a
total of twenty-six SNPs were genotyped from 393 individuals from 131
Chinese families. Analysis for allelic and haplotypic associations was
performed and results indicated that KIAA0319 is not associated with
Chinese children with dyslexia but a haplotype consisting of rs2760157
and rs807507 SNPs were signiﬁcantly associated with an onset detection test which is a measure of phonological awareness. This study
concluded that KIAA0319 is associated with a reading-related cognitive
skill. When we look at the meta-analysis the results are conﬂicting. An
integrated meta-analysis has implicated 931C > T in KIAA0319 could
be associated with dyslexia risk (Zou et al., 2012b). A stratiﬁed analysis
by the study population revealed opposite associations involving KIAA0319 rs4504469 in European and Asian subgroups. The stratiﬁed
analysis (Shao et al., 2016a) showed that rs9461045 minor allele (T
allele) has a protective eﬀect in Asians. This meta-analysis established
the eﬀects of speciﬁc KIAA0319 polymorphisms vary across populations; analyzing one single nucleotide polymorphism at a time can not
fully explain the genetic association for dyslexia. To conclude from the
studies, it is clear that this candidate gene is associated with dyslexia in
one way or the other.

processing of speciﬁc component of characters and Chinese character
dictation. This ﬁnding suggested that DYX1C1 inﬂuences reading development in the general Chinese population (Zhang et al., 2012).
Another study of Chinese population from Hong Kong genotyping eight
SNPs from 393 individuals from 131 Chinese families with at least one
dyslexic children replicated the previously reported association of
rs3743205 of DYX1C1 gene (Lim et al., 2011). Considering the diﬀerent
results, a meta-analysis looking at −3G > A in DYX1C1 gene concluded that this change might not be associated with risk of having
reading disorder (Zou et al., 2012a). However, the negative results from
other SNPs cannot undermine the role of this gene in pathogenesis of
dyslexia
1.2. DCDC2
DCDC2 is expressed in neuronal precursor cells but not in adult
neurons. It contains double cortin domains and is expressed in the developing cortex and involved in stabilization and migration of neurons
(Meng et al., 2005). It is the most studied candidate gene in genetics of
dyslexia. In a study (Chen et al., 2017) of Chinese Uyghur population
cluster sampling to recruit a total of 4251 pupils in 28 primary schools
was done. After that 196 cases of dyslexia and 196 controls of 8–12
years of were taken and their DNA was isolated from the oral mucosa.
Fourteen SNPs were studied using SNPscan method. It was seen that,
three SNPs (rs807724, rs2274305, and rs4599626) were associated
with dyslexia. rs9467075 and rs2274305 displayed signiﬁcant associations with dyslexia under the dominant model. rs6456593 and
rs6922023 were signiﬁcantly associated with developmental dyslexia
under the dominant model and in the heterozygous genotype. The study
also found that the T-G-C-T of the four-marker haplotype (rs9295619rs807701-rs807724-rs2274305) and the T-A of the two-marker haplotype (rs3765502-1087266) were signiﬁcantly diﬀerent between cases
and controls. Hence, it was highlighted that DCDC2 gene polymorphisms are associated with developmental dyslexia in Chinese Uyghur
children. A high density genotyping in a large unrelated Chinese cohort
was done with 502 dyslexic cases and 522 healthy controls. Three
(rs2274305, rs4599626, rs9295619) out of 28 studied SNPs of DCDC2
showed nominal association with dyslexia. However, none of these
results survived Bonferroni correction for multiple comparisons. Among
the nine identiﬁed haplotypes study didn’t ﬁnd any risk haplotypes
contributing to dyslexia susceptibility (Sun et al., 2014). Similarly, no
association was found in the study of children of Indian origin which
looked in the four SNPs each of sample sizes of 50 cases and 50 controls
(Venkatesh et al., 2011) and 210 cases 256 controls (Venkatesh et al.,
2013a) respectively. Analysing data from 284 unrelated children participating in the Chinese Longitudinal Study of Reading Development
(CLSRD) showed associations of eight single nucleotide polymorphisms
(SNPs) in DCDC2. There was signiﬁcant support for an association of
rs807724 with the intercept for the reading comprehension measure of
reading ﬂuency and character reading proving a support that DCDC2 as
a risk gene for reading disability (Zhang et al., 2016). Another study (Px
et al., 2012) of children of Chinese origin showed no association for two
SNPs contradicting the results. From the available literature it can be
concluded that not all SNPs of this gene might be associated with
dyslexia, however there is no denying the fact that this candidate gene
has some role to play in reading and its abberations.

1.4. Other candidate genes
An Indian study (Venkatesh et al., 2013b) has studied 157 children
with dyslexia and 212 normal readers to identify the role of SNPs of
four candidate genes namely, MRPL19/C2ORF3, ROBO1 and THEM2.
The authors genotyped eight SNPs of these genes using a MassARRAY
technique. The study failed to show any association of SNPs and haplotypes of these genes with dyslexia in the Indian population. There is
one genome wide scan done in the Indian families where number variations (CNV) scan on 11 dyslexic families consisting of 14 dyslexic
subjects and 24 non dyslexic members using 1.8 million combined SNP
and CNV marker was done (Veerappa et al., 2013). The authors have
found CNVs aﬀecting protocadherin genes in six dyslexics from three
families, while none among the non-dyslexic control members showed
any CNV in protocadherins. They identiﬁed duplications in ﬁve cases
and a deletion in one case in Xq21.3 region bearing PCDH11X.
PCDH11X, expressed in brain is implicated in cell–cell communication,
verbal ability, cerebral asymmetry, and dendritic synaptic plasticity,
may be regarded as a new candidate gene for dyslexia. A network-based
genetic association analysis to investigate associations between six key
genes (KIAA0319L, ROBO1, DCDC2, KIAA0319, DOCK4, DYX1C1) in
the neuronal migration and neurite outgrowth network and dyslexia
risk in a Chinese population was done (Shao et al., 2016b). The authors
identiﬁed three SNPs, namely rs28366021 of KIAA0319L, rs4504469 of
KIAA0319, and rs2074130 of DOCK4, associated with risk of having
dyslexia. The classiﬁcation and regression tree (CART) analysis revealed the prediction value of gene–gene interactions among

1.3. KIAA0319
This protein is proposed to function in adhesion and attachment and
thought to play an important role during neuronal migration in the
developing brain. Several single-nucleotide polymorphisms in the promoter region of KIAA0319 shows strong association with multiple
reading disability trait (Levecque et al., 2009). A case control study
(Venkatesh et al., 2013a) of children in India taking 210 cases and 256
controls have demonstrated the association of dyslexia with SNP
227
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could create bias in the results. To cite an example subjects that have
‘phonological coding dyslexia’ in one study sample might not be directly comparable to those reported to have ‘spelling disability’ or
‘reading/writing disability in spite all the problems being qualiﬁed for
having dyslexia (Fisher and DeFries, 2002).
There are multiple limitations of the data presented from Asian
countries. The most important limitation of data collected here is the
non- generalizability considering the lack of inclusion of all ethnic
groups. The selection of SNPs in most of the studies are based on a
previous study, and the whole studies are devoted in determining
whether these polymorphisms show the same associations in dyslexia of
Asian children which may not provide a comprehensive picture of the
total genetic variability in this population. Most of the studies have
looked into the predeﬁned SNPs and tried to replicate the ﬁndings from
the studies of western world. Another important limitation is of sample
size. The sample size taken in most of the studies is of moderate to small
and doesn’t meet the standard criteria required (Hong and Park, 2012).
Considering the limitations future studies should consider the role
of gene-environment interactions in the development of developmental
dyslexia as well. Hence, a genome wide association study is mandatory.
From the studies above it is clear that the research has mainly be
conducted in Indian and Chinese setting. The studies need to see genetics of children of other ethnic groups of Asia to understand the
modes of heritability in our setting. There is a large amount of data that
needs to be accumulated and integrated in order to reach a coherent
understanding that will enable us to disentangle the environmental and
genetic eﬀects on dyslexia. Apart from this there is a prospect of integrating neuroimaging data with genetic and neurobehavioral data to
gain a mechanistic model of gene, brain function and structure, and
ultimate behavioral phenotype (Eicher and Gruen, 2013). The imaginggenetic studies of dyslexia although a new ﬁeld, would be helpful in
unlocking new insights behind the mechanisms and pathophysiology
underlying dyslexia.

rs2074130 of DOCK4, rs4504469 of KIAA0319, rs2274305 of DCDC2,
and rs28366021 of KIAA0319L variants and in combination signiﬁcantly increased dyslexia risk. Few studies in Chinese population has
also looked into the candidate genes that have positive association
stuttering. In a study (Chen et al., 2015) of unrelated Chinese cohort of
502 dyslexic individuals and 522 healthy controls, 21 SNPs covering
the candidate genes GNPTAB, GNPTG and NAGPA were subjected to
genotyping. Signiﬁcant association of rs17031962 in GNPTAB and
rs882294 in NAGPA with dyslexia was identiﬁed. In the same cohort 23
SNPs covering the two genes DRD2 and SLC6A3 were genotyped. It was
seen that rs1079727 in DRD2 showed signiﬁcant association with developmental dyslexia (Chen et al., 2014). These ﬁndings may give
credence to the hypothesis that there are common genetic factors underlying the pathophysiology of diﬀerent speech and language disorders. Kong et al. investigated two genetic variants in DIP2A gene in a
Chinese population with 409 cases of dyslexia and 410 healthy controls.
It was seen that the risk of dyslexia was signiﬁcantly increased with
rs2255526 G allele and GG genotypes compared with their wild-type
counterparts, concluding DIP2A gene could be an associated with
dyslexia (Kong et al., 2016). A study in Chinese population (Wang et al.,
2017) selected three risk variants of non-syndromic cleft lip with or
without cleft palate (NSCL/P) namely rs8049367, rs4791774 and
rs2235371, and performed association analysis with 631 elementary
school-aged children (288 cases of dyslexia without NSCL/P and 343
healthy controls). After Bonferroni correction for multiple comparisons,
the T allele of rs8049367 showed signiﬁcant association with dyslexia.
2. Discussion
A conclusion can be drawn from the evidence gathered that the
relationship between genetic information and dyslexia is not straightforward and there is genetic heterogeneity of dyslexia among populations of Asian origin. There could be diﬀerent gene–gene interactions
between candidate genes as not a single candidate gene can explain the
presence of disorder. Such gene–gene interactions have been identiﬁed
in other complex diseases, such as asthma (Howard et al., 2002)
thrombotic stroke (Liu et al., 2009) breast cancer (Ritchie et al., 2001),
and pulmonary tuberculosis (Collins et al., 2013). It may be imperative
that we look into the interaction of diﬀerent genes rather than looking
into the association studies only. In addition, although dyslexia has
been reported to be heritable, environmental inﬂuences, such as home
schooling, are also considered to contribute to the development of this
disorder (Samuelsson and Lundberg, 2003). Though there are no any
genome wide association studies published the important role of the
association studies on candidate gene cannot be negated (Wilkening
et al., 2009). Another important area to see here is the clustering of
cases in the Chinese and Indian setting. When we look at the literature
world wide the studies have been done in the countries of Europe,
North America and Australia. The genes that have been implicated are
from association studies, hence the speciﬁc cause-eﬀect relationship
cannot be established. As seen in the studies above we can see that few
candidate genes that are associated with dyslexia are also associated
with stuttering (Chen et al., 2015), language impairment (Eicher and
Gruen, 2013), ADHD (Plourde et al., 2015) etc. Hence, there could a
possibility of overlap with the childhood disorders of language, however, there are no studies that have shown association of these candidate genes with other thought disorders, mood disorders or anxiety
disorders. Dyslexia has genetic complexity and the genetic studies are
compounded by constraints at the phenotypic level. As there is lack of
consensus in physiological, behavioral and cognitive correlates of this
disorder delineation of the dyslexia phenotype for genetic studies is
further restricted. As a consequence, diﬀerent diagnostic tools and
classiﬁcation criteria have been used. Similarly, language variation has
led to variation in operational deﬁnitions of yielding increased heterogeneity. This arises many questions when trying to interpret and
integrate data from multiple studies. Hence, the phenotype selection
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