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Analysis of genetic variants of dyslexia candidate
genes KIAA0319 and DCDC2 in Indian population

Shyamala K Venkatesh1, Anand Siddaiah2, Prakash Padakannaya2 and Nallur B Ramachandra1

Developmental dyslexia (DD) is a heritable, complex genetic disorder associated with impairment in reading and writing

skills despite having normal intellectual ability and appropriate educational opportunities. Chromosome 6p23-21.3 at DYX2

locus has showed the most consistent evidence of linkage for DD and two susceptible genes KIAA0319 and DCDC2 for DD at

DYX2 locus showed significant association. Specific candidate gene-association studies have identified variants, risk haplotypes

and microsatellites of KIAA0319 and DCDC2 correlated with wide range of reading-related traits. In this study, we used a

case–control approach for analyzing single-nucleotide polymorphisms (SNPs) in KIAA0319 and DCDC2. Our study

demonstrated the association of DD with SNP rs4504469 of KIAA0319 and not with any SNPs of DCDC2.

Journal of Human Genetics (2013) 58, 531–538; doi:10.1038/jhg.2013.46; published online 16 May 2013

Keywords: case–control; developmental dyslexia; KIAA0319 and DCDC2; MassARRAY; SNPs

INTRODUCTION

Developmental dyslexia (DD) is a heritable, complex genetic disorder
that affects 5–12% of school age children.1 The corresponding figure
for South India, where the current study was carried out is reported to
be 9.87%.2 Individuals with dyslexia show impairment in reading and
writing skills despite having normal intellectual ability and appropriate
educational opportunities.3 Linkage studies have identified nine loci
and several genes, located in different chromosomal regions that are
associated with DD.4 More than ten genes that contribute to the
disorder are involved in neuronal migration.5 Chromosome 6p23-21.3
at DYX2 locus has showed the most consistent evidence of linkage for
DD.6–10 Specific candidate gene-association studies have identified
variants, risk haplotypes and microsatellites of KIAA0319 and DCDC2
correlated with wide range of reading-related traits.11–19

Dyslexia—KIAA0319 association was first identified in Colorado
Learning Disabilities Research Center (CLDRC) samples by identify-
ing microsatellite marker residing in KIAA0319.9 Later, examination
of the 77-kb region of KIAA0319 and TTRAP found significant
association of a few single-nucleotide polymorphisms (SNPs) with
various reading-related measures.11 SNP rs4504469 was the only
coding nonsynonymous mutation found associated significantly
with phonological decoding, single-word reading and phonological
awareness skills.11 A specific three-marker haplotype, rs4504469/
rs2038137/rs2143340 was significantly associated with irregular word
reading.11 Further SNP genotyping was carried out in Cardiff and UK
populations.12,20 Cardiff sample yielded significant evidence for the
association of the SNP rs4504469 with DD and UK samples showed
the strongest association for SNP rs761100 located in intronic region

of KIAA0319.12,20 Another SNP rs3212236 located near the 50-flanking
region showed the most significant association with orthographic
coding—irregular, reading and spelling.12,20 Functional analysis of
SNPs (rs9461045, rs3212236, rs9467247) as well as risk haplotype
rs4504469/rs2038137/rs2143340 demonstrated lowering expression of
the KIAA0319.21,22 A study on markers across the 6p region also
showed association with the markers in KIAA0319.23 A recent study of
putative functional polymorphism analysis in Canadian subjects
found support for previous studies indicating the 5’ region of the
KIAA0319 as the location of risk alleles contributing to DD.17

Screening of the SNPs in 440 UK families unselected for DD
showed significant association of KIAA0319 SNP rs6935076 with poor
reading performance in univariate analysis and rs2143340 of TTRAP
showed significant association with both univariate and bivariate
analysis.24 Haplotype analysis showed significant association with a
three-SNP marker rs4504469/rs2038137/rs2143340.24 Replication of
Francks et al.11 in general population showed associations of
rs2143340 with poor reading, spelling, phonological awareness and
non-word reading.25 These studies provided evidences for the
influences of these genes on reading ability in the general population.

Dyslexia—DCDC2 association evidences were also obtained by the
analysis of CLDRC samples.26 A large number of SNPs, haplotypes
and deletions were identified in the intron of DCDC2, which involved
tandem repeats of putative brain-related transcription factor-binding
sites significantly associated with multiple reading traits.10 Linkage
disequilibrium study in German population also yielded significant
association for the single and haplotype markers located in DCDC2
region.13 Further, analysis of DCDC2 SNPs and a 2445-bp deletion in
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German population revealed strong association for three SNPs and
deletion.15 One intronic SNP of DCDC2 and three variants between
DCDC2 and KIAA0319 were found significantly associated with the
late mismatch negativity in 200 German children with dyslexia.27 A
more recent study reported a significant association between
BV677278 deletion with reading skills and memory.28 Finally,
interaction between the markers of DCDC2 and KIAA0319 was
identified in two independent samples of UK and Germany,20,29

though the association studies in the United States and China failed
to replicate the previous studies of DCDC2 and KIAA0319.30,31 A
recent meta-analysis study including four case–control studies and
five TDT studies of SNPs of DCDC2 demonstrated that SNP rs807701
of DCDC2 contribute significantly to the risk of dyslexia and no other
DCDC2 polymorphisms were observed to increase the risk of
dyslexia.32

A recent study on epidemiological samples of Australia showed
significant association for the SNP rs1419228 with regular word
reading and spelling as well as irregular word reading, while SNP
rs1091047 was found associated with irregular word reading.16 Four
additional SNPs, namely rs9467075, rs9467076, rs7765678 and
rs6922023, were found nominally associated with reading and
spelling. This study identified DCDC2 as a risk factor acts on
normally varying reading skill in the epidemiological samples.16

Another study failed to identify the effects of KIAA0319 and
DCDC2 by analyzing previously reported markers in an
epidemiological sample of 520 Australian individuals.33

In our previous study, screening of 14 SNPs of KIAA0319 and
DCDC2 in 50 cases and 50 controls showed a nonsignificant
association.34 In this study, we have included the results of both
previous and present study to explain the frequency of the SNPs in
more number of samples. Our preliminary study was conducted with
10 SNPs of KIAA0319 and 4 SNPs of DCDC2 in 50 children with DD
and 50 normal readers. The present study is an extended study
wherein, we have screened additional four new SNPs of KIAA0319 in
addition to the previously studied four SNPs in 160 children with
dyslexia and 206 normal readers.

MATERIALS AND METHODS

Subjects
The study involved 210 (160 males and 50 females) children with DD certified

by All India Institute of Speech and Hearing, Mysore and National Institute of

Mental Health And Neurosciences, Bangalore. However, we tested these

children on standard tests of reading and reading-related tests such as

phonological awareness and rapid automatized naming (RAN) measures. All

the children with dyslexia were normal on nonverbal intelligence measure and

were reading at least two s.d. below the mean of reference group consisting of

typically developing children of same age group. The performance of children

with dyslexia on phonological awareness and RAN measures were also

significantly poorer (individual scores differing more than two s.d. from the

mean of reference group). In addition, they were also tested on measures of

short-term memory, in which the children with dyslexia performed at two s.d.

below the norm. Further, they all had normal or corrected to normal vision,

and did not have any history of neurological disorders. The subjects were aged

between 6 and 18 years with a mean age 15.52±3. Among 210 cases, 33 were

below 12 years and 177 were above 12 years. Age, gender (184 males and 72

females) and ethnicity matched 256 normal readers were also recruited for the

study. Among 256 controls, 40 were below 12 years and 216 were above

12 years. Chi-square analysis between cases and controls for age and gender

showed no significant P-value. Written informed consent forms were obtained

from all the participating subjects/parents. Ethical approval was obtained from

the ethical committee of University of Mysore. All the neuropsychological tests

were administered individually in a quiet room either at school, at home or at

the Psychology Department, University of Mysore in several sessions, lasting

from 1–2 h each. Rapport was built and case history was collected in the first

session. Later, nonverbal intelligence was assessed using standard progressive

matrices.35 In the second session, reading measures such as Joshi and Aaron

list36 and non-word-reading tests (prepared and used in a larger project; test–

retest reliability value¼ 0.974, Cronbach’s alpha¼ 0.781), were administered

along with Edinburgh handedness test.37 Word reading and spelling test,

developed by Joshi and Aaron,36 has 56 words belonging to different categories.

There are 14 words each under regular, exception (irregular), unique and

Morphophonemic word groups. RAN tests, phonological awareness tests and

short-term memory tasks such as sentence repetition test from Cognitive

Assessment Scale38 and Digit span test from PGIMS39 were administered in the

third session. These were all psychometrically validated tests. These tests have

been peer reviewed for content validity and have been used in other published

studies by us. Total time taken to complete the tasks on reading measures and

RAN tests were recorded along with the accuracy, whereas only accuracy scores

were recorded for phonological awareness tasks.

DNA extraction and genotyping
Genomic DNA was isolated from peripheral blood leukocytes by using the

Promega Wizard genomic DNA purification kit. The quality of DNA was

ensured by spectrophotometry and agarose gel electrophoresis, visualized by

ethidium bromide staining in gel documentation system. Genotyping of SNPs

was carried out by MassARRAY with the help of Vimta Labs (Vimta Labs Ltd.,

Hyderabad, India) and Xcelris Labs (Xcelris Labs Ltd., Ahmedabad, India). A

total of 18 SNPs from KIAA0319 and DCDC2 were selected based on their

position in the gene 50-UTR, exon, 30-UTR and previous such association
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Figure 1 Gene structure and location of single-nucleotide polymorphisms (SNPs) screened in KIAA0319 and DCDC2. (a) Three SNPs of KIAA0319 located

in the promoter region— rs9461045, rs3212236, rs9467247 and one SNP in 50 UTR region rs2038137. The remaining 10 SNPs located in the exonic

region, 424 A4C, 745 G4C, 931 G4A, 1698 G4A, 2317 A4G, 2321 T4C, 2694 T4C, 2756 G4C, 2973 A4G, 3038 A4G. (b). All the four SNPs

of DCDC2- rs33914824, rs2274305, rs34647318 and rs9460973 are located in the exonic region.
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studies. We genotyped 11 SNPs reported by Francks et al.,11 1 SNP from

Dennis et al.,22 1 SNP from Harold et al.,20 and 1 SNP from NCBI database

(Figure 1a). All the four coding SNPs of DCDC2 reported by Schumacher

et al.13 were also selected (Figure 1b). SNPs rs2744559, rs2744550, rs2817191,

rs10946705 and rs807535 of KIAA0319 and rs34647318 of DCDC2 were

initially genotyped in 50 children with DD and 50 normal readers. Since, all

individuals genotyped were homozygous for the normal alleles; these SNPs

were not screened in the remaining samples. Initially genotyped SNP

rs807541of KIAA0319 was also not screened in the present study.

All SNPs were genotyped by MassARRAY Sequenom-iPLEXR Gold SNP

genotyping platform with Spectro CHIPR and MALDI-TOF Mass spectro-

meter. Sequenom genotyping, PCR primers and primer extension probes were

designed with the Spectro-DESIGNER software (Supplementary Table 1).

Genotyping was performed in a 384-well sample plate using the homogeneous

mass-extend assay facilitates simultaneous multiplex genotyping in a single

experiment. PCR was performed on 10 ng of DNA. Genotype data were

obtained using SpectroTYPER software 4.0 (Sequenom).

Statistical analysis
Hardy–Weinberg equilibrium was tested for cases and controls separately by

goodness of fit Chi-square test. Association analysis of frequencies of each

allele and genotype with DD was done by Chi-square test, odds ratio (ORs)

and 95% confidence intervals (CIs). The three specific genetic models

(dominant, recessive and additive) were applied to SNPs to assess the

association with risk of DD.40 Bonferroni’s correction was applied

considering multiple testing for 18 SNPs and the correction was not applied

if there was no significant chi-square P-value.

RESULTS

All the markers showed Hardy–Weinberg equilibrium P-value40.01,
except rs807534. Table 1 presents mean, s.d. and kurtosis along with
maximum and minimum scores on various neuropsychological
measures for 20 normal readers and children with DD in which
SNP rs4504469 (genotype AA and GAþAA) was found. The mean

differences between individuals with and without dyslexia on all the
neuropsychological measures were found to be statistically significant.

KIAA0319
We identified a strong association for minor allele (A) frequency of
rs4504469 with P¼ 0.009 after applying Bonferroni’s correction
(Table 2). Significant association was also found for the SNP
rs4504469 having homozygous genotype (AA) (odds ratio 2.53,
95% confidence interval 1.36–4.71) with P¼ 0.036 (after Bonferroni’s
correction) by comparing homozygous minor alleles of the SNP with
the wild-type alleles (Table 3). Comparison of the heterozygous
genotype of the SNP with wild-type SNP failed to show significant
association after Bonferroni correction. Further association analyses
of dominant, recessive and additive models showed association of
same SNP rs4504469 in dominant model (P¼ 0.036) and additive
model showed a trend toward significance (P¼ 0.054). Genotype GA/
AA frequency was found more in cases than the controls, whereas the
wild-type genotype GG was found in more controls rather than cases
(Table 4). The results of neuropsychological/cognitive tests showed
poor performance on reading and spelling measures, RAN speed,
phonemic segmentation tasks and short-term memory for both the
homozygous genotype AA and GAþAA genotype of rs4504469. All
the comparisons on neuropsychological/cognitive tests were made
with reference to the mean performance of the control group
(Figure 2).

SNP rs3212236 of KIAA0319 showed significant association in
comparison of individual allele frequency, homozygous genotype
analysis and recessive genotype model. However, this SNP did not
show any significance in all the three analysis after applying
Bonferroni’s correction. SNP rs9467247 showed association in reces-
sive and additive models but this SNP also failed to show any
association after Bonferroni’s correction. SNPs in rs4576240,

Table 1 Mean, s.d., Kurtosis, maximum and minimum scores on neuropsychological measure of children with developmental dyslexia and

normal readers

N¼31 KIAA0319 N¼123 KIAA0319 N¼20

rs4504469 (AA) rs4504469 (GAþAA) Normal data

M s.d. KURT Max Min M s.d. KURT Max Min M s.d. KURT Max Min

Color naming (T) 52.20 19.88 4.88 114 31 52.80 16.97 2.57 114 30 34.55 7.86 1.79 56 26

Letter naming (T) 27.73 7.10 0.47 47 15 27.50 6.24 0.27 47 15 18.25 3.67 4.58 30 14

Digit naming (T) 28.63 7.31 �0.03 46 15 27.78 7.28 3.11 58 15 19.25 3.43 4.36 30 15

Object naming (T) 54.40 17.42 2.48 111 27 54.26 15.62 1.65 111 27 36.20 8.06 1.49 52 33

SEN REP CR, % 26.33 9.64 �0.10 50 10 23.98 8.64 0.69 50.00 10 45.00 7.95 1.08 65 30

Word reading (T) 131.83 85.44 1.61 377 34 138.48 83.24 0.63 384 34 64.50 18.64 �0.39 104 37.00

Word reading, % 64.94 23.00 �0.47 96.43 14.29 60.84 23.66 �0.74 100 1.79 90.02 2.94 0.23 96.42 83.92

Non-word reading (T) 104.43 59.68 4.65 290 37 115.64 65.41 2.97 361 35 57.50 9.46 �0.27 77 39

Non-word reading, % 61.79 19.79 �0.79 92.86 23.21 57.55 24.15 0.17 100 0 88.45 4.57 0.44 96.42 78.57

Spelling, % 37.68 21.32 �0.63 83.93 7.14 39.60 20.44 �0.35 98.21 3.57 86.61 4.50 �0.50 92.85 76.78

Rhyme generation, % 68.67 25.43 �1.38 100 20 70.98 24.97 0.01 100 0 100.00 0.00 0.00 100 100

Phoneme deletion, % 64.33 22.08 �0.87 100 30 66.18 24.94 �0.12 100 0 99.00 3.08 7.04 100 90

Phoneme reversal, % 58.00 31.45 �0.69 100 10 67.79 29.16 �0.11 100 0 100.00 0.00 0.00 100 100

Syllable deletion, % 73.33 20.90 �0.43 100 30 75.04 22.15 0.00 100 10 100.00 0.00 0.00 100 100

Syllable reversal, % 67.14 27.06 �1.46 100 20 66.61 24.81 �1.25 100 20 98.50 3.66 2.78 100 90

Spoonerism, % 55.00 21.47 �0.21 100 20 56.06 24.69 �0.76 100 0 95.00 8.89 2.28 100 70

Digit span forward 3.80 2.76 0.62 6 1 3.83 0.98 1.11 8 1 5.10 0.72 1.73 7 4

Digit span backward 2.76 1.00 0.07 5 1 2.64 0.90 1.26 6 1 4.00 0.73 �0.93 5 3

Abbreviations: T, time, %, correct response percentage.
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rs2294689, rs807541, rs9461045 and rs2038137 were observed in both
cases and control groups without any significant association.

DCDC2
Statistical analysis of individual allele frequencies and homozygous
genotype as well as genotypic models of four nonsynonymous exonic
SNPs of DCDC2 failed to show any association.

DISCUSSION

KIAA0319 mainly expresses in different areas of human brain such as
superior parietal cortex, primary visual cortex and occipital cortex,
which are important for reading.10 It encodes for highly glycosylated
membrane protein containing a large extracellular domain, a single
transmembrane domain and a small intracellular C terminus.41,42

This protein also contains polycystic kidney disease repeats, which
seem to be involved in the interaction between neurons and glial
cells.42 RNA interference (RNAi) study has showed decrease in mRNA
causing majority of the neurons to arrest in the proliferative
ventricular area during embryonic development. Neuronal
migration is a key step in the development of the neocortex, which
provides the foundation for higher cognitive functions.23

Based on the earlier association studies and the role of KIAA0319
in neuronal migration, we selected both promoter and exonic SNPs of
KIAA0319 and demonstrated the association of the exonic SNP of
KIAA0319 rs4504469 with various phenotypes of DD. SNP rs4504469
is a nonsynonymous polymorphism leading to a substitution of

amino acid alanine by threonine and its property changed from a
neutral nonpolar residue to a neutral polar residue thereby,
affecting the functioning of KIAA0319. Although our study did not
analyze the haplotype, (rs4504469/rs2038137/rs2143340), which is
associated with reduced expression of KIAA0319, one of the SNPs of
the haplotype was identified as significant in our population.
Meta-analysis of rs4504469 demonstrated global significant
association of this SNP with DD.43 They suggest that direct effect
of SNP rs4504469, that is, substitution of alanine by threonine could
be modified by a second susceptibility allele and further effort is
needed to clarify the underlying mechanism between rs4504469
variant and dyslexia risk.43

Genotype (GG-GA-AA) analyses of SNP rs4504469 was conducted
for dominant model (GAþAA vs GG), recessive model (GGþGA vs
AA) and additive model (GG vs GA vs AA).40 The trend toward
significance of additive genetic model predicts that there is a linear
gradient in risk between the GG, GA and AA genotypes. Significance
of dominant model (odds ratio 1.76, 95% confidence interval
1.22–2.55) showed the increased risk of DD with GAþAA
genotype than the wild type, as wild-type genotype frequency was
more in controls. Francks et al.11 found evidence for the association
between rs4504469 with a broad range of reading-related cognitive
abilities, such as phonological decoding, single-word reading and
phonological awareness. In our study, we found association of the
genotype AA and GAþAA of rs4504469 with reading and spelling
measures, RAN speed, short-term memory and phoneme tasks.

Table 2 Allelic distributions of SNPs of KIAA0319 and DCDC2 among children with developmental dyslexia and normal readers

Frequency

Gene SNP ID Allele Cases Controls OR (95% CI) w2 P-value*

KIAA0319 rs4576240 A 23 31
C 397 481 1.11 (0.64–1.94) 0.141 0.707

rs2294689 G 320 416
C 100 96 1.35 (0.99–1.86) 3.556 0.06

rs4504469 G 266 378
A 154 134 1.63 (1.23–2.16) 11.902 0.0005 (0.009)

rs2744559 G 100 100
A 0 0 — — 0

rs2744550 A 100 100
G 0 0 — — 0

rs2817191 T 100 100
C 0 0 — — 0

rs807541 T 70 79
C 30 21 1.61 (0.85–3.07) 2.132 0.144

rs10946705 G 100 100
C 0 0 — — 0

rs807535 A 88 92
G 12 8 1.57 (0.61–4.02) 0.889 0.345

rs807534 A 369 453
G 51 59 1.06 (0.71–1.58) 0.085 0.770

rs9461045 C 130 117
T 70 83 0.76 (0.51–1.14) 1.789 0.181

rs3212236 A 186 268
G 134 144 1.34 (0.99–1.81) 3.665 0.055 (0.99)

rs9467247 A 137 190
C 183 222 0.87 (0.65–1.17) 0.795 0.372

rs2038137 A 48 71
C 72 141 0.76 (0.48–1.20) 1.412 0.234

DCDC2 rs33914824 C 402 477
G 18 35 0.61 (0.34–1.09) 2.798 0.094

rs2274305 A 158 203
G 262 309 0.92 (0.70–1.20) 0.400 0.527

rs34647318 A 100 100
C 0 0 — — 0

rs9460973 A 100 100
T 320 412 0.78 (0.57–1.06) 2.506 0.113

Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
*P-values in the parenthesis were corrected by Bonferroni correction.
Bold values indicate the significant P-value.
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Table 3 Genotype distributions of SNPs of KIAA0319 and DCDC2 among children with developmental dyslexia and normal readers

Total no. of samples

Gene SNP ID Nucleotide change Cases Controls Genotype Cases Controls OR (95% CI) P-value*

KIAA0319 rs4576240 424 A4C 210 256 AA 1 3 1(referent) —

AC 21 25 2.52 (0.24–26.07) 0.424

CC 188 228 2.47 (0.26–23.98) 0.419

rs2294689 745 G4C 210 256 GG 160 208 1(referent) —

GC 0 0 — 0

CC 50 48 1.35 (0.87–2.12) 0.182

rs4504469 931 G4A 210 256 GG 87 142 1(referent) —

GA 92 94 1.60 (1.08–2.36) 0.018 (0.324)

AA 31 20 2.53 (1.36–4.71) 0.002 (0.036)

rs2744559 1698 G4A 50 50 GG 50 50 1(referent) —

GA 0 0 — 0

AA 0 0 — 0

rs2744550 2317 A4G 50 50 AA 50 50 1(referent) —

AG 0 0 — 0

GG 0 0 — 0

rs2817191 2321 T4C 50 50 TT 50 50 1(referent) —

TC 0 0 — 0

CC 0 0 — 0

rs807541 2694 T4C 50 50 TT 25 31 1(referent) —

TC 20 17 1.46 (0.63–3.36) 0.374

CC 5 2 3.10 (0.55–17.35) 0.180

rs10946705 2756 G4C 50 50 GG 50 50 1(referent) —

GC 0 0 — 0

CC 0 0 — 0

rs807535 2973 A4G 50 50 AA 38 42 1(referent) —

AG 12 8 1.66 (0.61–4.49) 0.317

GG 0 0 — 0

rs807534 3038 A4G 210 256 AA 173 213 1(referent) —

AG 23 27 1.67 (0.86–3.22) 0.874

GG 14 16 1.08 (0.51–2.27) 0

rs9461045 C4T 100 100 CC 43 35 1(referent) —

CT 44 47 0.76 (0.42–1.40) 0.379

TT 13 18 0.59 (0.25–1.36) 0.213

rs3212236 A4G 160 206 AA 58 88 1(referent) —

AG 69 92 1.14 (0.72–1.79) 0.578

GG 33 26 1.93 (1.04–3.55) 0.034 (0.612)

rs9467247 A4C 160 206 AA 36 38 1(referent) —

AC 65 114 0.60 (0.35–1.04) 0.068

CC 59 54 1.15 (0.64–2.07) 0.633

rs2038137 A4C 60 106 AA 10 13 1(referent) —

AC 28 45 0.81 (0.31–2.09) 0.661

CC 22 48 0.60 (0.23–1.57) 0.291

DCDC2 rs33914824 454 C4G 210 256 CC 192 221 1(referent) —

CG 18 35 0.59 (0.32–1.08) 0.084

GG 0 0 — 0

rs2274305 661 A4G 210 256 AA 38 45 1(referent) —

AG 82 113 0.86 (0.51–1.44) 0.565

GG 90 98 1.09 (0.65–1.83) 0.750

rs34647318 1181 A4C 50 50 AA 50 50 1(referent) —

AC 0 0 — 0

CC 0 0 — 0

rs9460973 1368 A4T 210 256 AA 50 50 1(referent) —

AT 0 0 — 0

TT 160 206 0.78 (0.50–1.21) 0.262

Abbreviations: CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
*P-values in the parenthesis were corrected by Bonferroni correction.
Bold values indicate the significant P-value.
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Table 4 Comparison of genotype frequencies of KIAA0319 and DCDC2 polymorphisms between children with developmental dyslexia and

normal readers by dominant, recessive and additive models

Gene SNP ID Model Genotype Cases Controls OR (95% CI) w2 P-value*

KIAA0319 rs4576240 Dominant AA 1 3
ACþCC 209 253 2.48 (0.26–24.00) 0.656 0.417

Recessive AAþAC 22 28
CC 188 228 0.95 (0.53–1.72) 0.026 0.871

Additive AA 1 3
AC 21 25 2.52 (0.24–26.07)
CC 188 228 0.98 (0.53–1.81) 0.66 0.718

rs2294689 Dominant GG 160 208
GCþCC 50 48 1.35 (0.87–2.12) 1.778 0.182

Recessive GGþGC 160 208
CC 50 48 — 1.778 0.182

Additive GG 160 208
GC 0 0 —
CC 50 48 — 1.778 0.182

rs4504469 Dominant GG 87 142
GAþAA 123 114 1.76 (1.22–2.55) 9.099 0.002 (0.036)

Recessive GGþGA 179 236
AA 31 20 2.04 (1.13–3.70) 5.716 0.016 (0.288)

Additive GG 87 142
GA 92 94 1.60 (1.08–2.36)
AA 31 20 1.58 (0.84–2.98) 11.17 0.003 (0.054)

rs807541 Dominant TT 25 31
TCþCC 25 19 1.63 (0.74–3.62) 1.461 0.226

Recessive TTþ TC 45 48
CC 5 2 2.67 (0.49–14.45) 1.382 0.239

Additive TT 25 31
TC 20 17 1.46 (0.63–3.36)
CC 5 2 2.13 (0.36–12.39) 2.172 0.337

rs807535 Dominant AA 38 42
AGþGG 12 8 1.66 (0.61–4.49) 1.00 0.317

Recessive AAþAG 50 50
GG 0 0 — — 0

Additive AA 38 42
AG 12 08 — —
GG 0 0 — 1 0.317

rs807534 Dominant AA 173 213
AGþGG 37 43 1.06 (0.65–1.72) 0.055 0.814

Recessive AAþAG 196 240
GG 14 16 1.07 (0.51–2.25) 0.033 0.855

Additive AA 173 213
AG 23 27 1.05 (0.58–1.89)
GG 14 16 1.03 (0.41–2.55) 0.058 0.971

rs9461045 Dominant CC 43 35
CTþTT 57 65 0.71 (0.40–1.26) 1.345 0.246

Recessive CCþCT 87 82
TT 13 18 0.68 (0.31–1.48) 0.954 0.328

Additive CC 43 35
CT 44 47 0.76 (0.42–1.40)
TT 13 18 0.77 (0.34–1.76) 1.726 0.421

rs3212236 Dominant AA 58 88
AGþGG 102 118 1.31 (0.86–2.00) 1.571 0.210

Recessive AAþAG 127 180
GG 33 26 1.80 (1.03–3.16) 0.038 (0.684)

Additive AA 58 88
AG 69 92 1.14 (0.71–1.79)
GG 33 26 1.69 (0.93–3.09) 4.571 0.101

rs9467247 Dominant AA 36 38
ACþCC 124 168 1.28 (0.77–2.14) 0.917 0.338

Recessive AAþAC 101 152
CC 59 54 1.64 (1.05–2.57) 4.796 0.028 (0.504)

Additive AA 36 38
AC 65 114 0.60 (0.35–1.04)
CC 59 54 1.92 (1.19–3.09) 8.034 0.018 (0.324)

rs2038137 Dominant AA 10 13
ACþCC 50 93 0.70 (0.29–1.71) 0.622 0.430

Recessive AAþAC 38 58
CC 22 48 0.70 (0.37–1.34) 1.166 0.280

Additive AA 10 13
AC 28 45 0.81 (0.31–2.09)
CC 22 48 0.74 (0.37–1.47) 1.365 0.50

DCDC2 rs33914824 Dominant CC 192 221
CGþGG 18 35 0.59 (0.32–1.08) 2.977 0.084

Recessive CCþCG 210 256
GG 0 0 — — 0

Additive CC 192 221
CG 18 35 0.59 (0.32–1.08) —
GG 0 0 — 2.977 0.084
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Recently, luciferase construct in neuronal and non-neuronal
cell lines demonstrated alter reporter gene expression by rs9461045
and rs3212236 but rs9467247 did not show any alteration in the
gene expression.24 The G allele of rs9461045 was shown to
create a binding site for the transcriptional repressor OCT-1 but
this SNP failed to show any association in our population,
SNP rs3212236, which moderately affects the gene expression,
was found as significant in genotype and allele frequency
analysis as well as recessive model without testing for multiple
corrections.24

Two candidate genes KIAA0319 and DCDC2 within the DYX2
locus have been reported to confer susceptibility to DD. Through a
case–control study, we have provided evidence for the association of
coding SNP rs4504469 of KIAA0319 with DD. To the best of our
knowledge, this is the first genetic study that demonstrated KIAA0319

as a potential candidate gene for DD in Indian population. More
studies with larger sample size will help reconfirming the findings
reported here.
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Figure 2 Performance on neuropsychological measures. WR, word reading; NWR, non-word reading; SPL, spelling; RHY GEN, rhyme generation; PHO DEL,

phoneme deletion; PHO REV, phoneme reversal; SYL DEL, syllable deletion; SYL REV, syllable reversal; SPOO, spoonerism; SEN REP, sentence repetition;

DSF, digit span (forward); DSB, digit span (backward).

Table 4 (Continued )

Gene SNP ID Model Genotype Cases Controls OR (95% CI) w2 P-value*

rs2274305 Dominant AA 38 45
AGþGG 172 211 0.97 (0.60–1.55) 0.021 0.884

Recessive AAþAG 120 158
GG 90 98 1.21 (0.83–1.75) 1.004 0.316

Additive AA 38 45
AG 82 113 0.86 (0.51–1.44)
GG 90 98 1.27 (0.85–1.89) 1.331 0.514

rs9460973 Dominant AA 50 50
ATþ TT 160 206 1.29 (0.83–2.01) 1.253 0.262

Recessive AAþAT 50 50
TT 160 206 0.78 (0.50–1.21) 1.253 0.262

Additive AA 50 50
AT 0 0 —
TT 160 206 — 1.253 0.262

CI, confidence interval; OR, odds ratio; SNP, single-nucleotide polymorphism.
*P-values in the parenthesis were corrected by Bonferroni correction.
Bold values indicate the significant P-value.
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