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KIAA0319 gene polymorphisms are associated with
developmental dyslexia in Chinese Uyghur children

Hua Zhao, Yun Chen, Bao-ping Zhang and Peng-xiang Zuo

The gene KIAA0319 has been reported to be associated with developmental dyslexia (DD) in previous studies, although the

results have not always been consistent. However, few studies have been conducted in Uyghur populations. In the present study,

we aimed to investigate the association of KIAA0319 polymorphisms and DD in individuals of Uyghurian descent. We used a

custom-by-design 48-Plex SNPscan Kit to genotype 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. As a result, 7 SNPs (Pmin=0.001) of KIAA0319
had nominal significant differences between the cases and controls under specific genotypic models. The two SNPs rs6935076

(P=0.020 under dominant model; P=0.028 under additive model) and rs3756821 (P=0.021 under additive model) 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 was present at significantly different frequencies in the dyslexic children

and controls. This study indicated that genetic polymorphisms of KIAA0319 are associated with an increased risk of DD in the

Uyghur population.
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INTRODUCTION

Developmental dyslexia (DD) is a complex neuro-genetic disorder
associated with an impairment of reading performance despite
adequate intelligence and educational opportunities and in the absence
of sensory or neurological disability. It is a common reading disability
with estimated prevalences of 5–17% among school-aged children in
Western countries1,2 and 3.9–8.0% among those in China.3 Although
the etiology of dyslexia is not fully clear, a number of studies have
shown that genetic factors play an important role in its
development.1,4–6 To date, nine dyslexia susceptibility loci (DYX1 to
DYX9) have been mapped and allocated based on linkage studies.
Subsequent association studies have identified several candidate genes
at most of these loci, including KIAA0319,1 DCDC2,4 DYX1C15 and
ROBO1.6

KIAA0319 is located on chromosome 6p22.2–22.3. Its association
with dyslexia was first proposed by Kaplan et al.,7 who found a
microsatellite marker residing in KIAA0319 according to linkage
studies. Since then, dyslexia–KIAA0319 association studies have been
conducted in the US,8 UK,1,9 German,10 Canadian,11,12 Indian13,14 and
Chinese15,16 populations, suggesting that several single-nucleotide
polymorphisms (SNPs) are associated with the risk of reading
disability, such as rs4504469, rs6935076 and rs2038137. However,
the results have not always been consistent because of genetic and
linguistic differences among ethnic groups. KIAA0319 is expressed in
the human cerebral neocortex.17 The protein encoded by KIAA0319 is
a large and highly N-and O-glycosylated plasma membrane protein
that is involved in the regulation of neuronal migration and neurite

growth through the endocytosis pathway of protein and proteolytic
processing,18–20 which is considered to be important in the
pathophysiology of dyslexia.21,22 However, the exact functions of
the KIAA0319 protein and the pathogenic mechanisms of
dyslexia-associated KIAA0319 polymorphisms remain to be fully
elucidated.
Thus far, most studies on dyslexia-associated polymorphisms have

been performed in the European and Chinese populations and few
have examined individuals of Uyghurian descent. The Uyghur
ethnicity numbers about 11 million people and represents the second
largest minority ethnic group in China. The Uyghur people mainly live
in the Xinjiang Uyghur Autonomous region in the far northwest of
China, where they account for ~ 48% of the population.23 The Uyghur
population typically presents a mixed genetic origin, with both Eastern
and Western anthropometric traits.24,25 Uyghurs have a unique
culture, religion and language that are very different from those of
other ethnic populations. Here, based on our previous epidemiologic
and genetic studies, we performed a case–control association study
of an unrelated Chinese Uyghur cohort to investigate whether
the previously reported associations between KIAA0319 gene
polymorphisms and dyslexia could be replicated in Uyghur children.

MATERIALS AND METHODS

Experimental subjects
We selected 4251 Uyghur primary school students aged 8–12 years by cluster
sampling in Kashgar and Aksu, Xinjiang, China. The study was approved by the
ethical committee of the Medical School of Shihezi University. Informed
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written consent was obtained from all participants and their guardians. The
diagnostic criteria for dyslexia were based on the following criteria: ① a score on
The Pupil Rating Scale Revised: Screening for Learning Disability of less than 65
points;26 ② a score on The Dyslexia Checklist for Uyghur Children that was at
least 2 standard deviations higher than the mean score;27 ③ an intelligence
quotient score of higher than 80 as assessed using the China–Wechsler
Intelligence Scale for Children28 and ④ in the absence of visual and/or auditory
disorders or psychiatric diseases. In total, 228 Uyghur students were diagnosed
as dyslexic and 196 of them participated in the present study, including a total
of 126 boys and 70 girls aged 8–12 years (mean age= 10.99± 1.1 years). Then,
196 control subjects without dyslexia, assessed based on the same diagnostic
criteria, were selected from the initial sample. The dyslexic and control subjects
were matched for age, education, gender and ethnicity.

Genotyping
A total of 18 SNPs of KIAA0319 were selected in the present study for the
following reasons. ① The minor allele frequencies of these 18 SNPs were more
than 0.05 according to both the HapMap CHB (Han Chinese in Beijing, China)
and the CEU (Utah residents with ancestry from northern and western Europe)
data. ② We selected the SNPs in KIAA0319 based on prior reports of their
association with dyslexia in the European and Chinese populations. The SNPs
rs4504469, rs2038137, rs6935076, rs2179515, rs3212236, rs761100 and
rs9461045 were associated with dyslexia in the European populations.1,9–14

The SNPs rs1091031, rs699463, rs3903801, rs12193738, rs2760157, rs807507,
rs16889506, rs9366577, rs16889556, rs2038139 and rs3756821 were associated
with dyslexia in the Chinese populations.15,16

DNA were extracted from oral mucosal cells by the buccal swab method as
described elsewhere.29 The SNP genotyping work was performed using a
custom-by-design 48-Plex SNPscan™ Kit (Cat#: G0104K, Genesky, Shanghai,
China) as previously described.30 This kit was developed according to patented
SNP genotyping technology based on double ligation and multiplex
fluorescence PCR. Our study data were collected through procedures carried
out according to the manufacturer’s instructions. Each 96-well plate included 1
non-template control. For quality control, repeated analyses were performed
for 4% of randomly selected samples with high DNA quality. Call rates for each
SNP were above 98%.

Statistical analysis
Hardy–Weinberg equilibrium (HWE) tests were performed for each SNP.
Differences in the distribution of demographic characteristics, selected variables
and genotypes of the 18 SNPs between the cases and controls were evaluated
using the χ2 or t-test. The strengths of associations between SNP genotypes and
the risk of dyslexia were estimated by computing the odds ratio and their 95%
confidence intervals using logistic regression analyses with dominant, recessive,
over-dominant, additive and genotype models. Bonferroni correction was
applied for multiple comparisons. The above statistical analyses were performed
using SAS 9.1.3 (SAS Institute, Cary, NC, USA) and P values were performed
using two-tailed test with a significance level of 0.05. Linkage disequilibrium
(LD) analysis of SNPs and haplotype selection were performed using Haploview
software (Version 4.1).31 The post-hoc power of the study was estimated using
G*Power software (version 3.1).32

RESULTS

Characteristics of the Uyghur population
On the whole, 195 cases and 196 controls were successfully genotyped
in the study, with success rates of 99.5% and 100%, respectively. The
characteristics of these Uyghur students are summarized in Table 1.
The dyslexia and normal students appeared to be adequately matched
on age, sex, education and intelligence quotient scores as suggested by
χ2 or t-tests (P40.05). The details of the 18 genotyped SNPs are
shown in Table 2. The minor allele frequencies of most SNPs in the
control subjects were between the minor allele frequencies of the CHB
and CEU data. All the markers showed HWE (P40.05 for all markers
except rs16889506, for which P= 0.022).

Associations between 18 polymorphisms and the risk of dyslexia
In the present study, 7 of the 18 KIAA0319 polymorphisms showed
nominal associations with dyslexia after genotyping (Supplementary
Table 1). As Table 3 indicated, allelic frequencies of 6 SNPs
(rs1091031: P= 0.034; rs16889556: P= 0.010; rs6935076: P= 0.001;
rs3756821: P= 0.001; rs3212236: P= 0.009; rs9461045: P= 0.009)
were significantly different between the dyslexia and control subjects.
Furthermore, the minor allele (T) frequency of rs6935076 (P= 0.026)
and T allele of rs3756821 (P= 0.023) also displayed strong associations
with dyslexia after applying Bonferroni’s correction.
Table 3 also shows genotype distributions under various models of

these seven risk SNPs. The results showed a significant association
of rs1091031 in the dominant (P= 0.042) and additive (P= 0.033)
models. The SNP rs9366577 demonstrated a nominal significant
association in the over-dominant model (P= 0.024). SNP
rs16889556 showed a significant association in the dominant
(P= 0.007), over-dominant (P= 0.012) and additive (P= 0.009)
models and in the co-dominant model for the heterozygous genotype
(CT vs CC: P= 0.010). Similarly, SNP rs6935076 manifested a
nominal association in the dominant (P= 0.001), over-dominant
(P= 0.009) and additive (P= 0.001) models as well as in the
co-dominant model (CT vs CC: P= 0.003; TT vs CC: P= 0.046).
A significant association was also found for rs3756821 in the dominant
(P= 0.004), recessive (P= 0.021), additive (P= 0.001) and
co-dominant models (CT vs CC: P= 0.021; TT vs CC: P= 0.004).
Moreover, SNP rs3212236 and rs9461045 showed equally significant
associations under the dominant (P= 0.019) and additive (P= 0.010)
models, as well as in the co-dominant model for the homozygous
genotype (TT vs CC: P= 0.015). However, after Bonferroni correction
for multiple comparisons in different models, only the SNP rs6935076
under the dominant (P= 0.020) and additive (P= 0.028) models, as
well as rs3756821 under the additive model (P= 0.021), remained
significantly different between dyslexic and control subjects.

Haplotype analysis
The SNP rs16889506 was out of HWE, so it was excluded from the
haplotype analysis. LD analysis was conducted for 17 SNPs, and three
LD blocks within KIAA0319 were detected according to the calculated
Dʹ values, as shown in Figure 1. In block 3, there were five
common haplotypes constituted by 10 SNPs (ordered by frequency as

Table 1 Distribution of selected demographic variables and risk

factors of participants

Cases (n=195) Control (n=196)

Variable n % n % χ2 P

Age 0.124 0.725

⩽10 years 76 38.97 73 37.24

⩾11 years 119 61.03 123 62.76

Sex 0.346 0.556

Boys 125 64.10 120 61.22

Girls 70 35.90 76 38.78

Grade 0.005 0.998

Three 56 28.72 56 28.57

Four 69 35.38 70 35.71

Five 70 35.90 70 35.71

IQ scorea 94.12±12.85 93.80±12.47 0.352 0.295

Abbreviation: IQ, intelligence quotient.
aIQ scores were represented as mean± standard deviation and statistical analysis was performed
using Student’s t-test.
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CCTCCAGCCT 4TATCCCTCTC 4CCCCTAGTTC 4CCTTTAG
TTC 4CATCCAGTTC) and the frequency of the haplotype CCTTTA
GTTC in the dyslexic group was significantly higher than that in the
control group (P= 0.002). Another haplotype, CCCCTAGTTC, in
block 3 showed a trend toward significance in the haplotype-level
logistic regression analyses (P= 0.043). We did not find any significant
haplotypes in the other two LD blocks (Table 4).

Power of the study
Given the significant associations of seven polymorphisms of
KIAA0319 with dyslexia in our sample, it was necessary to estimate
whether our study had adequate power to detect the true associations
of variants in the Uyghur populations. We estimated the power of our
study using the effect size (log of odds ratio) of the seven candidate
dyslexia-associated SNPs of KIAA0319. Given an effect size of 0.140
(log of 1.381) for the SNP rs1091031, with the alpha value of 0.05 and
our study sample of 391 subjects, we calculated the power for
detecting a significant association with this SNP as 81.9% (Table 3).
Similarly, our post-hoc calculation showed that the levels of power for
detecting associations of the SNPs rs9366577, rs16889556, rs6935076,
rs3756821, rs3212236 and rs9461045 with dyslexia were 84.0%, 99.5%,
99.6%, 99.2%, 92.8% and 92.8%, respectively. These results showed
that our sample size of 391 provided adequate power (480%) to
detect associations between SNPs of KIAA0319 and dyslexia in the
Uyghur population.

DISCUSSION

To date, there have been numerous studies focused on
dyslexia-associated KIAA0319 polymorphisms. However, these studies
have mainly been performed in the European, Indian and Han
Chinese populations and the results have often been inconclusive.
Taking the genetic and linguistic differences between the Uyghur
population and other populations into consideration, we selected 18
SNPs of KIAA0319 and performed high-throughput sequencing to
assess the association of these polymorphisms with dyslexia in an
unrelated Uyghur cohort. In summary, we identified that

seven KIAA0319 polymorphisms and two haplotypes had nominal
associations with dyslexia after genotyping. After performing
Bonferroni correction for multiple comparisons, the associations of
rs3756821 and rs6935076 with dyslexia remained significant.
Moreover, post-hoc power calculations indicated that our sample size
of 391 had adequate power to detect the true association of variants in
KIAA0319 with dyslexia. To our knowledge, this study is first to have
explored the role of KIAA0319 in dyslexia in the Uyghur population.
The present study demonstrated that SNPs in KIAA0319 were

indeed associated with the risk of dyslexia in the Uyghur population.
Although the function of this gene is poorly understood, several
studies have shown that it is related to impaired neuronal migration
and intercellular adhesion.17–20 Researchers have explored the
functions of KIAA0319 through several methods, such as using
functional magnetic resonance imaging and animal models. Paracchini
et al.17 used in situ hybridization and reported the pattern of
KIAA0319 expression in the developing cerebral neocortex of rat
and human fetuses. Furthermore, previous studies showed that the
genetic knockdown or in utero small interfering RNA (siRNA)
interference of KIAA0319 could disrupt neuronal migration in rodents
and result in impairments of the primary auditory cortex and
reductions in the midsagittal area of the corpus callosum,34–36 which
has been reported to be related to processing deficits in humans.37

Taken together, these data suggest a direct link between a specific
KIAA0319 genetic background and a biological mechanism leading to
dyslexia. The role of KIAA0319 in dyslexia is also supported by the
recognition of a single variant or haplotypes associated with dyslexia
and affecting the gene expression of KIAA0319.
A growing body of evidence has pointed to the association of

KIAA0319 polymorphisms with dyslexia in the Chinese population.
Among these polymorphisms, 11 KIAA0319 variations were genotyped
in the present study, and nominally significant associations were
detected between 4 SNPs (rs1091031, rs9366577, rs16889556 and
rs3756821) and dyslexia. Among these SNPs, only rs3756821 retained
a significant association with dyslexia after Bonferroni correction. The
SNP rs3756821 is located in the 5ʹ UTR of KIAA0319 and showed a

Table 2 List of SNPs and HWEs of KIAA0319 analyzed by SNPscan in the present study

SNP DBa Allele Position Location CHB/CEUb MAF Control MAF HWE

rs1091031 No data G/A 24539139 3 'downstream 0.193/0.438 0.298 1.000

rs699463 4 G/A 24544903 Exon21 0.121/0.239 0.184 1.000

rs3903801 5 A/G 24559433 Intron16 0.246/0.429 0.327 0.330

rs12193738 No data T/C 24568393 Intron13 0.215/0.473 0.324 0.145

rs2760157 5 G/A 24578272 Exon 9 0.489/0.183 0.332 0.262

rs807507 No data C/G 24579867 Intron 8 0.178/0.483 0.309 0.093

rs4504469 No data C/T 24588884 Exon 4 0.019/0.306 0.250 0.339

rs16889506 1f T/C 24595853 Intron 3 0.109/0.186 0.219 0.022

rs2179515 No data C/T 24628203 Intron 1 0.113/0.385 0.265 0.714

rs761100 6 C/A 24632642 Intron 1 0.130/0.455 0.304 0.502

rs9366577 No data T/C 24641328 Intron 1 0.073/0.150 0.082 0.120

rs16889556 No data C/T 24641605 Intron 1 0.201/0.155 0.122 1.000

rs6935076 5 C/T 24644322 Intron 1 0.230/0.262 0.212 0.668

rs2038139 No data A/C 24645420 Intron 1 0.122/0.332 0.265 1.000

rs2038137 2b G/T 24645943 5ʹ UTR 0.234/0.334 0.265 1.000

rs3756821 4 C/T 24646821 5ʹ UTR 0.411/0.362 0.276 0.593

rs3212236 5 T/C 24648455 Promoter 0.358/0.358 0.452 0.774

rs9461045 No data C/T 24649061 Promoter 0.481/0.221 0.452 0.774

Abbreviations: HWE, Hardy–Weinberg equilibrium; MAF, Minor allele frequency; SNP, single-nucleotide polymorphism; UTR, untranslated region.
aRegulome DB score, http://www.regulomedb.org/.
bCHB/CEU: Han Chinese in Beijing, China/Utah residents with ancestry from northern and western Europe.
The bold entries indicate the Po0.05.
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Table 3 Logistic regression analyses of associations between KIAA0319 polymorphisms and risk of dyslexia

SNP Model Genotype Case Control OR (90% CI) P Bonf-P Power

rs1091031 Allele G 245 273 1.381 (1.025–1.861) 0.034 0.647 0.819

A 145 117

Codominant G/G 75 95 1 (referent) — —

G/A 95 83 1.450 (0.950–2.212) 0.085 1.000

A/A 25 17 1.863 (0.938–3.701) 0.076 1.000

Dominant G/G 75 95 1.520 (1.016–2.273) 0.042 0.789

G/A+A/A 120 100

Recessive G/G+G/A 170 178 1.540 (0.803–2.953) 0.194 1.000

A/A 25 17

Over-dominant G/G+A/A 100 112 1.282 (0.860–1.911) 0.223 1.000

G/A 95 83

Additive — — — 1.394 (1.028–1.891) 0.033 0.618

rs9366577 Allele T 347 360 1.394 (0.862–2.255) 0.176 1.000 0.840

C 43 32

Codominant T/T 152 167 1 (referent) — —

T/C 43 26 — 1.000 1.000

C/C 0 3 — 1.000 1.000

Dominant T/T 152 167 1.629 (0.969–2.739) 0.066 1.000

T/C+C/C 43 29

Recessive T/T+T/C 195 193 — 1.000 1.000

C/C 0 3

Over-dominant T/T+C/C 152 170 1.850 (1.085–3.155) 0.024 0.455

T/C 43 26

Additive — — — 1.403 (0.863–2.283) 0.172 1.000

rs16889556 Allele C 316 344 1.678 (1.132–2.489) 0.010 0.190 0.995

T 74 48

Codominant C/C 126 151 1 (referent) — —

C/T 64 42 1.826 (1.158–2.880) 0.010 0.181

T/T 5 3 1.997 (0.468–8.522) 0.350 1.000

Dominant C/C 126 151 1.838 (1.179–2.864) 0.007 0.137

C/T+T/T 69 45

Recessive C/C+C/T 190 193 1.693 (0.399–7.184) 0.475 1.000

T/T 5 3

Over-dominant C/C+T/T 131 154 1.791 (1.138–2.820) 0.012 0.224

C/T 64 42

Additive — — — 1.712 (1.142–2.565) 0.009 0.174

rs6935076 Allele C 268 309 1.695 (1.227–2.342) 0.001 0.026 0.996

T 122 83

Codominant C/C 90 123 1 (referent) — —

C/T 88 63 1.909 (1.251–2.913) 0.003 0.051

T/T 17 10 2.323 (1.016–5.313) 0.046 0.869

Dominant C/C 90 123 1.966 (1.313–2.944) 0.001 0.020

C/T+T/T 105 73

Recessive C/C+C/T 178 186 1.776 (0.792–3.984) 0.163 1.000

T/T 17 10

Over-dominant C/C+T/T 107 133 1.736 (1.150–2.620) 0.009 0.164

C/T 88 63

Additive — — — 1.705 (1.227–2.371) 0.001 0.028

rs3756821 Allele C 240 284 1.644 (1.216–2.221) 0.001 0.023 0.992

T 150 108

Codominant C/C 72 101 1 (referent) — —

C/T 96 82 1.642 (1.077–2.505) 0.021 0.404

T/T 27 13 2.913 (1.408–6.030) 0.004 0.075

Dominant C/C 72 101 1.816 (1.213–2.720) 0.004 0.072

C/T+T/T 123 95

Recessive C/C+C/T 168 183 2.262 (1.130–4.529) 0.021 0.401

T/T 27 13

Over-dominant C/C+T/T 99 114 1.348 (0.904–2.010) 0.142 1.000

C/T 96 82

Additive — — — 1.681 (1.230–2.298) 0.001 0.021
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nominal association with dyslexia in recent studies on the Chinese
population but failed to show a significant association after Bonferroni
correction in those studies.15,16 These results may imply that
rs3756821 represents a risk-associated SNP for dyslexia in the Uyghur
populations but not in the Chinese populations. This may be
attributed to the genetic and linguistic differences among the Uyghur
and Chinese populations, which could mean that genetic susceptibility
to dyslexia occurs through different mechanisms.38 Compared with
the Chinese, Uyghurs form an isolated genetic group because the
Uyghur population has been less genetically influenced by recent
migration,24 which is partly because the Uyghurs are overwhelmingly
Muslim and prohibit marriage to non-Muslims.39 The Uyghur
language belongs to the Altaic family and uses a linear one-
dimensionally arranged alphabet.40 The linguistic characteristics of
the Uyghur language are highly dissimilar from those of the Chinese,
which is an ideographic language.41 Besides, previous studies have
found that the cerebral regions activated by speaking the Uyghur and
Chinese languages are not identical and identified that the left anterior
cingulate gyrus might be particularly associated with the Uyghur
language.40 However, the functions of SNP rs3756821 and the
other four variants identified as candidate dyslexia-associated
polymorphisms in the present study are still unclear. These
polymorphisms are located either in the 5ʹ UTR, 3ʹ downstream
region or in the intron 1 of KIAA0319, which are regions that
indirectly modulate gene expression and thereby alter protein
expression of KIAA0319 in both neuronal and non-neuronal cell
lines, thereby affecting the development of dyslexia.42

This study examined polymorphisms that have been frequently
reported as having associations with dyslexia by previous studies on
Indo-European populations. We genotyped seven SNPs and found
nominally significant associations of three SNPs (rs6935076,

rs3212236 and rs9461045) with dyslexia. However, only rs6935076
remained significantly associated after Bonferroni correction for
multiple testing. These results are consistent with those of a study
by Cope et al.1 that provided strong evidence for an association of
rs6935076 with dyslexia in the UK population.1 The SNP rs6935076 is
located in intron 1 of KIAA0319 and although no functional evidence
is available, it can be speculated that rs6935076 may modulate gene
expression.42 In addition, a two-SNP haplotype (rs4504469 and
rs6935076) was identified by Cope et al.1 as being significantly
associated with dyslexia in the UK population.1 Our study attempted
to replicate this finding, but found no association of this haplotype
with dyslexia in the Uyghur population (P= 0.167). Likewise,
rs4504469 (one of the two SNPs in the haplotype identified by Cope
et al.) has been reported elsewhere to display a significant association
with dyslexia in samples from the UK, German and Indian
populations.1,13,14,38 We failed to replicate this result in our Uyghur
subjects. Previous studies have identified rs4504469 as being associated
with dyslexia. The SNP rs4504469 is a nonsynonymous SNP that
could result in an amino-acid substitution from alanine to threonine,
suggesting an effect on protein function that could promote the
development of dyslexia.1,13,43 The genetic and linguistic differences
between the Uyghur and Indo-European populations could also
account for the differences in the associated susceptibility variants.
We have mentioned that Uyghurs typically present a mixed genetic
origin, with approximately 60% and 40% of European and East Asian
ancestry, respectively.24,25 Although the Uyghur and English languages
are both alphabetic languages, Uyghur has distinct written forms and
rules for writing and it is more complex overall than English.41 Given
the functional differences in the activation of brain regions with the
use of different languages, the underlying mechanisms of dyslexia
might also differ between people of Indo-European and Uyghur

Table 3 (Continued )

SNP Model Genotype Case Control OR (90% CI) P Bonf-P Power

rs3212236 Allele T 250 215 0.680 (0.511–0.906) 0.009 0.162 0.928

C 140 177

Codominant T/T 82 60 1 (referent) — —

T/C 86 95 0.662 (0.425–1.031) 0.068 1.000

C/C 27 41 0.482 (0.267–0.868) 0.015 0.287

Dominant T/T 82 60 0.608 (0.401–0.922) 0.019 0.362

T/C+C/C 113 136

Recessive T/T+T/C 168 155 0.608 (0.357–1.035) 0.067 1.000

C/C 27 41

Over-dominant T/T+C/C 109 101 0.839 (0.563–1.249) 0.387 1.000

T/C 86 95

Additive — — — 0.688 (0.518–0.915) 0.010 0.193

rs9461045 Allele C 250 215 0.680 (0.511–0.906) 0.009 0.162 0.928

T 140 177

Codominant C/C 82 60 1 (referent) — —

C/T 86 95 0.662 (0.425–1.031) 0.068 1.000

T/T 27 41 0.482 (0.267–0.868) 0.015 0.287

Dominant C/C 82 60 0.608 (0.401–0.922) 0.019 0.362

C/T+T/T 113 136

Recessive C/C+C/T 168 155 0.608 (0.357–1.035) 0.067 1.000

T/T 27 41

Over-dominant C/C+T/T 109 101 0.839 (0.563–1.249) 0.387 1.000

C/T 86 95

Additive — — — 0.688 (0.518–0.915) 0.010 0.193

Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
The bold entries indicate the Po0.05.
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ancestries. Another two SNPs, rs3212236 and rs9461045, are located in
the promoter region of KIAA0319 and showed nominal associations
with dyslexia in our Uyghur sample. Previous studies using luciferase

constructs demonstrated that these two SNPs could alter reporter gene
expression in both neuronal and non-neuronal cell lines; in particular,
rs9461045 could create a binding site for the transcriptional repressor
octamer-1 (OCT-1).42,44

It is generally believed that combined variants within a gene may
provide a more comprehensive evaluation than single polymorphisms
in association studies.45 Based on our haplotypic analysis, we think
that the susceptibility haplotype CCTTTAGTTC, which is constructed
by 10 SNPs, has an independent effect on dyslexia (P= 0.002), whereas
haplotype CCCCTAGTTC showed a trend toward a significant
difference in frequency between the children with dyslexia and the
controls (P= 0.043). However, we should be cautious of relying on
these results to assess the associations between these haplotypes and
dyslexia, because Fallin et al.46 suggested that deviation from HWE
with a high level of heterozygosity may produce false positive
associations with haplotypes. Therefore, we concluded that children
who carry more risk alleles are more likely to develop dyslexia than
those who carry fewer or no risk alleles.
Although the present study provides valuable insights into genetic

associations with dyslexia in an ethnic minority group, several
limitations need to be addressed. First of all, the selection of SNPs
was based on a previous study, and we devoted ourselves to
determining whether these polymorphisms show the same associations
in dyslexic Uyghur children, which may not provide a comprehensive
picture of the total genetic variability of KIAA0319 in the Uyghur
population. Second, the moderate sample size could have limited the

Table 4 Selected haplotype analysis results for the potential

association between KIAA0319 and dyslexia

Haplotype Frequency Case Control OR (95% CI) P-value

Block 1: rs699463-rs3903801
GA 0.488 190 192 — —

GG 0.309 114 128 0.895 (0.648–1.236) 0.502
AA 0.202 86 72 1.201 (0.828–1.742) 0.335

Block 2: rs12193738-rs2760157-rs807507
TGC 0.379 159 136 — —

TAC 0.304 110 129 0.729 (0.518–1.027) 0.071
CGG 0.302 115 121 0.813 (0.577–1.145) 0.236

Block 3: rs2179515-rs761100-rs9366577-rs16889556-rs6935076-rs2038139-
rs2038137-rs3756821-rs3212236-rs9461045
CCTCCAGCCT 0.404 140 176 — —

TATCCCTCTC 0.251 93 103 1.135 (0.794–1.623) 0.487
CCTTTAGTTC 0.153 73 47 1.953 (1.272–2.997) 0.002

CCCCTAGTTC 0.096 43 32 1.689 (1.016–2.809) 0.043

CATCCAGTTC 0.037 15 14 1.347 (0.629–2.884) 0.443

Abbreviations: CI, confidence interval; OR, odds ratio.
The bold entries indicate the Po0.05.

Figure 1 Linkage disequilibrium (LD) block generated by Haploview 4.1 software. Regions of low-to-high LD, as measured by the Dʹ statistic, were
represented by deep blue to red shading, respectively. LD blocks were analyzed using an algorithm designed by Gabriel et al.33

KIAA0319 associated with DD in Uyghur children
H Zhao et al

750

Journal of Human Genetics



statistical power of this study. Of the dyslexic Uyghur children who
were identified as potential participants in the present study, only 86%
consented to participate in the study, because the people of the
Uyghur culture often refuse to take part in procedures involving
scraping of the oral mucosa. Moreover, dyslexia has a multifactorial
etiology and the interaction between environmental factors and
dyslexia susceptibility loci, as well as that between different candidate
genes, must be further validated in the Uyghur population.
In conclusion, we performed a study on the association of

KIAA0319 with dyslexia in an unrelated Uyghur cohort through
SNP selection and genotyping. Our study suggested that seven
polymorphisms and two haplotypes of KIAA0319 showed nominal
significant associations with the risk of dyslexia. Among these SNPs,
rs6935076 and rs3756821 remained significantly associated with
dyslexia after Bonferroni correction. The results could contribute to
the early identification and management of Uyghur children with
dyslexia, as well as assisting future research into dyslexia and the
differences between ethnicities regarding genetic susceptibility to
disease. Moreover, to better explicate the roles of KIAA0319 in
dyslexia etiology and pathology, more functional studies need to be
conducted in the Uyghur population.
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