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with moderate to high myopia
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Purpose: To investigate the association of two reported regions on chromosome 15 with moderate to high myopia in
two Chinese cohorts from southern China.

Methods: Two candidate regions on 15q14 and 15q25 were selected based on reported association with refractive error in
the literature. Five single nucleotide polymorphisms (SNPs) were genotyped in 300 university students with high myopia
at Guangzhou and 308 without refractive error, and 96 university students of Chaoshan Chinese origin with moderate
to high myopia and 96 without refractive error. Genotypes were evaluated using direct sequencing and analyzed with
chi-square, Armitage trend, and Mantel-Haenszel tests, and regression analysis.

Results: Of the five SNPs screened, alleles of rs634990 and rs524952 in the 15q14 region showed evidence of allelic
association with moderate to high myopia (p<8.81x1077 and p<1.57x107%, respectively) in the Guangzhou group, but not
in the Chaoshan group. The SNPs at 15925 did not show significant association in any group. Association of rs634990
and rs524952 were still significant when both groups were combined into a single analysis (p<1.66x107¢ and p<2.72x10°¢,
respectively), and for genotypic, additive, and dominant models.

Conclusions: This study confirms the significant association of rs634990 and rs524952 on chromosome 15q14 previ-
ously reported in European and Japanese populations with high myopia in the Guangzhou but not the Chaoshan Chinese
populations, suggesting that genetic contributors to high myopia in the Chaoshan population might be different from
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other Chinese populations.

Myopia is the leading cause of visual impairment world-
wide, contributing to an overall prevalence of 30% across the
globe, although the prevalence reached as high as 50%-70%
in some urban East Asian populations [1-7]. High myopia,
characterized as a refractive error greater giving a spherical
equivalent less than —6D, can be associated with myopic
retinopathy, retinal detachment, glaucoma, and cataracts
[8]. Currently, although there appear to be some common
risk factors, the precise relationship between high and low
or medium myopia remains unclear. Although the molecular
mechanisms of myopia have yet to be delineated, environ-
mental and genetic factors contribute to its pathogenesis
[9-13]. This is well documented in several epidemiological
studies. In recent years, the prevalence of high myopia has
appeared to be increasing, especially in East Asia [4,5,7], as
education levels rise with concomitant increases in time spent
in near work such as reading and writing, and decreases in
time spent outdoors [14].

Correspondence to: Dr. Qingjiong Zhang, Ophthalmic Genetics &
Molecular Biology, Zhongshan Ophthalmic Center, Sun Yat-sen
University, 54 Xianlie Road, Guangzhou 510060, China. Phone:
(+86)-20-87330422. email: zhangqji@mail.sysu.edu.cn

Although epidemiological and twin studies provide the
most compelling evidence for an environmental contribu-
tion to myopia [7,12], several linkage studies have identified
Mendelian loci contributing to myopia susceptibility, termed
MYPI-3 and MYP 5-19 [15-29]. Most often, myopia is
multifactorial with a complex inheritance pattern. Genetic
loci contributing to myopia occurring in the general popula-
tion have been identified in several genome-wide association
studies [30-35], although for most of these loci identification
of the causative sequence changes and their related genes has
not yet been possible.

Two studies have shown an association of markers on
chromosome 15 with refractive error. One was performed in a
Dutch population from the Rotterdam study and replicated in
four independent sample groups of European ancestry [32]. A
second study was performed in the TwinsUK cohort and repli-
cated in six independent sample groups of European ancestry
[31]. These two loci have been examined for association with
high myopia in a Japanese population [36]. In the latter study,
the support for the 15q14 locus was unambiguous, while that
for markers in the 15925 region was less robust. In addition,
this suggested that these loci confer susceptibility not only
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to general refractive error but also to high myopia, at least
in the Japanese population. Recently, data from these three
studies and from the Singapore Malay Eye Study (SIMES),
Singapore Indian Eye Study (SINDI), Singapore Prospective
Study Program (SP2), and Singapore Cohort study Of the
Risk factors for Myopia (SCORM) studies of Singaporean
populations were combined in a meta-analysis confirming
association with the chromosome 15q14 locus [37]. However,
the results for Asian population groups were mixed in this
study, which included Japanese as well as individuals of
Chinese and Malaysian descent from Singapore. The present
study aims to evaluate single nucleotide polymorphisms
(SNPs) in these two candidate regions on chromosome
15q14 and 15925, previously reported to be associated with
refractive error and high myopia in European and Japanese
populations, in two Chinese university student populations,
one of Chaoshan origin in Guangzhou and the second of Han
Chinese but not Chaoshan origin in Guangzhou.

METHODS

This study protocol was approved by the Institutional Review
Board and Ethics Committee of the Zhongshan Ophthalmic
Center, Sun Yat-Sen University, Guangzhou, China, and the
CNS Institutional Review Board, NIH, Bethesda, Maryland.
Patients were recruited from the Zhongshan Ophthalmic
Center and its clinics, and the laboratory part of the study was
performed at the National Eye Institution (NEI) after written
informed consent was obtained from all the participants in
accordance with the tenets of Declaration of Helsinki.

Enrollment of cases and controls: Individuals with moderate
to high or high myopia or without myopia were enrolled for
this study. Criteria for diagnosis of moderate to high myopia
included a spherical equivalent < —4.0 D and exclusion of
other known ocular or systemic diseases. Criteria for diag-
nosis of high myopia included a spherical equivalent < —6.0
D and exclusion of other known ocular or systemic diseases.
Individuals must have received at least 12 years of education
and have a best aided visual acuity of 0.8 or better without
other known eye or systemic diseases. Control individuals all
had bilateral refraction between —0.50 D and +1.0 D spherical
equivalent without a family history of high myopia. They also
must have received at least 12 years of education and have
a best unaided visual acuity of 1.0 or better without other
known eye or systemic diseases. Individuals with or without
myopia were recruited through the Zhongshan Ophthalmic
Center from two population groups. The first group consisted
of 300 university students in Guangzhou with high myopia
and 308 control individuals, university students in Guang-
zhou of Han Chinese ethnicity (individuals from Chaoshan
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were excluded). The second group of 96 patients with
moderate to high myopia and 96 control individuals was
also recruited from university students in Guangzhou but of
Chaoshan origin, a region in the eastern part of Guangdong
province with an independent dialect and culturally distinct
population.

All individuals underwent a clinical evaluation
comprising a fundus examination with a direct ophthalmo-
scope and a slit lamp biomicroscopic examination. In addi-
tion, all patients underwent visual acuity (unaided, near, and
best acuity) and color vision examinations. Refractive errors
were measured with a Topcon KR-80000 (Paramus, NJ)
auto refractometer after cycloplegia induced with Mydrin-
P (Santen Pharmaceutical C. Ltd., Osaka, Japan). Ocular
biometric axial length was measured using an IOL Master V5
(Carl Zeiss Meditec AG, Jena, Germany). Selected individuals
also underwent electroretinography and fundus photography.
Comparison of the refraction between the left and right eyes
showed no statistical difference, so the phenotypic analysis
was based on refraction of the right eyes.

Single nucleotide polymorphism selection: A total of five
SNPs in two candidate regions were selected for the present
study. The selected SNPs are in chromosome 15q14 (rs634990
and rs524952) and chromosome 15925 (rs8027411, rs17175798,
and rs939658). Primers were designed for each SNP using
Primer3 v. 0.4.0. Primer sequences were listed in Table 1.

Genotyping: Total genomic DNA was extracted from
peripheral blood leukocytes using a standard phenol/chloro-
form method as described previously [38]. The SNPs were
amplified with PCR using a 9700 Thermo Cycler (Applied
Biosystems, Inc. [ABI], Foster City, CA). PCR reactions
were performed in 10 pl reaction volumes containing 40 ng
genomic DNA, 10 uM primer pairs, 1 pl 10X PCR Buffer
IT (GeneAmp; ABI), 0.6 pl 10 mM dNTP mix (GeneAmp;
ABI), 2.5 mM MgCl,, and 1 ul Tag DNA polymerase. Initial
denaturation was performed for 5 min at 95 °C, followed by
35 cycles of 95 °C for 30 s, 57 °C for 30 s, and 72 °C for 40
s, with a final elongation of 10 min at 72 °C followed by
a hold at 4 °C. Genotyping was performed with directional
sequencing using Big Dye Terminator Ready reaction mix
according to the manufacturer’s instructions (Applied Biosys-
tems). Genotyping was performed by sequencing to minimize
cost and repetition. Sequencing was performed on an ABI
PRISM 3130x1 Genetic Analyzer (Applied Biosystems).
Sequence traces were analyzed using Mutation Surveyor (Soft
Genetics Inc., State College, PA) and the SeqMan program of
DNASTAR Software (DNASTAR Inc., Madison, WI).

Statistical analysis: Chi-square and Fisher’s exact tests
were used to test the allelic, genotypic, and model-based
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TABLE 1. THE PRIMER PAIRS USED FOR PCR.

SNP Direction Primer (5'-3)
rs634990 F CCCTCTGCTCCATCTGCTA
R TGATGGGCCATTATCTGTGA
rs524952 F TGCTCATGACATTTGTGAACC
R ACCAGGAAAAGGGCTTCAAT
rs8027411 F CTCTTCATGGGGGAAGCAG
R CAGCCTAGCAGACAGAGCAA
rs17175798 F TAGCTCCCTTGGGGAAAGAT
R CAACCAGAGAACAGGCTTTCA
rs939658 F ACAGAAATTGATCGCCCACA
R AAAACTTAGTGGTCAATGTGATGG

associations of all the SNPs. The Hardy—Weinberg equi-
librium of each SNP in the control and affected individuals
was also examined using a X2 test, all as implemented in
the Golden Helix SVS software suite 7.5.2 (Golden Helix,
Bozeman, MT). Odds ratio (OR), relative risk, and call rate
were also calculated using the same program. Because this
is a directed search of candidate genes with a presumed high
a priori probability of being associated, a p value <0.05 was
considered statistically significant. Corrections for multiple
testing were done with the Bonferroni method, where indi-
cated, giving a p<0.00066 for 76 tests (three genotypic, one
allelic, and one additive model for each of the five markers
in the Guangzhou and Chaoshanese groups, six additional
tests for the two markers showing association, and haplotype
analysis in each group). Haplotypes were estimated using
the Golden Helix SVS software suite version 7.5.2 and the
Haploview program using the expectation-maximization
(EM) algorithm. Mantel-Haenszel tests were performed using
a continuity correction. Power calculations were done for chi-
square statistics for allelic associations using the power for
association with error (PAWE) program for data assuming no
errors and an invariant control allele frequency and varying
case allele frequency [39,40].

RESULTS

The clinical characteristics of the study subjects are shown in
Table 2 and Figure 1. Although there was a slight preponder-
ance of men (about 65%) in the myopia and control groups
from Chaoshan, only about 49% of the Han Chinese patients
with myopia were male as opposed to 64% of the control
group. The ages of the patients and controls in both groups
were similar, averaging about 21.6-22.2 years old (Table 2).
Although the diagnosis of high myopia in this study was
based on refraction, the axial lengths of patients with myopia
in the Chaoshan and Guangzhou groups were similar, about

26 mm, while those of the controls in both groups averaged
between 23 and 24 mm. The refraction in diopters was also
similar between patients in both groups, although the mean
was slightly higher (—6.52 OD, —6.37 OS) in the Chaoshan
group than in the Guangzhou group (—=7.28 OD, —7.20 OS); the
values for the controls from both groups were close to 0. All
markers were in Hardy—Weinberg equilibrium (p>0.05) in the
Chaoshan, Guangdong, and combined groups. Comparison of
the affected and control individuals between the Chaoshan
and Guangdong population groups did not show a statistically
significant difference for either rs634990 or rs524952.

Among the five SNPs studied, the three on chromo-
some 15925 (rs8027411, rs17175798, and rs93958) showed
no association with moderate or high myopia in either the
Guangzhou or Chaoshan group (Table 3). In contrast, the
two SNPs on chromosome 15q14, rs634990 and rs5249952,
showed association with high myopia in the Guangzhou
group but not with high to moderate myopia in the Chaoshan
group. The highest levels of association were seen with the
G (minor) allele of rs634990 (p<1.57x10°¢, OR=1.75, 95%
confidence interval [CI]=1.39-2.20) and the T (minor) allele
of 155249952 (p<8.8x1077, OR=1.78, 95% CI=1.41-2.23).
Genotypic association followed a similar pattern with the
odds ratios increasing from the homozygous major allele to
about 2 for heterozygotes for either marker, to slightly over 3
for homozygous minor alleles of either marker (Table 3). In
addition, tests of specific models were also highly significant;
the genotypic test for rs634990 gave p<6.59x107°, the addi-
tive model gave p<1.45x107¢, the dominant model showed
increased risk with a p<1.91x107° (OR=2.12, 95% CI=1.50—
3.01), and a comparison of the homozygous GG and AA geno-
types gave p<3.09x10¢ (OR=3.12, 95% CI=1.91-5.07). For
rs524952, the genotypic test gives p<8.53x1076, the additive
model gave p<7.01x1077, the dominant model gave p<1.91x1073
(OR=2.28, 95% CI=1.61-3.25), and a comparison of the TT
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TABLE 2. CLINICAL CHARACTERISTICS OF AFFECTED AND UNAFFECTED INDIVID-
UALS FROM THE CHAOSHAN AND GUANGZHOU POPULATION GROUPS.

Chaoshan Guangzhou Combined
Parameters Myopia (n=96) Controls Myopia (n=300) Controls Myopia (n=396) Controls (n=404)
0=96) n=308)
Males (%) 65.63 65.63 49.17 63.64 53.15 64.11
Age (mean+SD)  21.80+1.27 21.68+1.30 22.19+1.67 21.66+£1.54 22.10+4.77 21.67+1.48
Axial length (mm)
O.D. 26.28+0.96 23.78+0.72 26.60+0.89 23.66+0.80 26.53+0.91 23.69+0.78
O.S. 25.22+1.02 23.72+0.68 26.60+.092 23.62+0.79 26.52+0.95 23.64+0.77

Refraction (diopters)

OD —6.54+1.31 0.27+0.51 —7.82+0.87 0.19+£0.48 —7.51+1.14 0.21+0.49

oS —6.28+1.84 0.33+0.44 =7.79+1.12 0.31+£0.44 —7.42+1.48 0.31+0.44
and AA homozygous genotypes gave p<2.35x107¢ (OR=3.17, The proportion of men in the Guangzhou myopia group
95% CI=1.94-5.16). was significantly lower than the other groups (Table 2). To

examine the effect on association with alleles of rs634990
and rs524952, the analyses were performed separately in
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Figure 1. Distribution of refraction and axial length among high myopic and control individuals in the Guangzhou and Chaoshan myopia
and unaffected groups. The spherical equivalent of each individual is shown on the abscissa while the axial length is shown on the ordinate
axis. Although the control samples are similarly clustered around 0 D: and 23 mm, the Chaoshan myopic group includes individuals with
spherical equivalents < —4.
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TABLE 4. HAPLOTYPE ANALYSIS OF HIGH MYOPIA IN THE CHAOSHAN AND GUANGZHOU POPULATION GROUPS.

Guangzhou

SNPs r? D’ Haplotype Myopia (300 total) Control (308 total) Odds ratio p**
1rs634990 095 098(0.96-1) AA 0.49 0.64 0.57 (0.45-0.71) 1.20x107°°
18524952 GT 0.49 0.36 1.76 (1.40-2.23)

Chaoshan

SNPs r? D’ Haplotype Myopia (96 total) Control (96 total) Odds ratio p**
1rs634990 1 1(0.98-1) AA 0.54 0.59 0.81 (0.54-1.21) 0.3
1s524952 GT 0.46 0.41 1.24 (0.82-1.85)

Combined

SNPs r? D’ Haplotype Myopia (396 total)  Control (404 total) Odds Ratio p**
1rs634990 096 099(097-1) AA 0.5 0.63 0.62 (0.51-0.75)  2.20x10°¢
1s524952 GT 0.48 0.37 1.62 (1.33-1.98)

**p<0.00066 is significant, corresponding to a p<0.-05 after Bonferroni correction for 76 tests

men and women. Men alone showed an allelic p=8.0x107°
and 5.1x107° for rs634990 and rs5249952, respectively, and
women showed corresponding values of 0.04 and 0.02. In
addition, the ORs for men were 2.0 (95% CI: 1.48, 2.75) and
1.89 (95% CI: 1.39, 2.58) and for women, the ORs were 1.48
(95% CI: 1.0, 2.03) and 1.5 (95% CI: 1.1, 2.1) for rs634990
and rs5249952, respectively—slightly less but overlapping.
When association in the Guangzhou group was tested for
men and women as two separate groups using the Mantel-
Haenszel test, association was confirmed with p=4.1x10"¢ and
7.5%107¢ for rs634990 and rs5249952, respectively. Finally,
logistic regression of the affection status against the number
of copies of the minor allele correcting for the covariant effect
of gender gives p=1.91x107¢ and p=4.13x10"° for rs634990 and
1rs5249952, respectively, confirming that the genetic associa-
tion is not merely a reflection of gender differences in the
Guangzhou sample set.

When the Guangzhou and Chaoshan groups were
combined and analyzed, the results remained highly
significant (Table 2). Specific models also remained highly
significant for rs634990; the genotypic test gave p<6.59x107°,
the additive model gave p<1.42x107%, the dominant model
showed increased risk with a p<6.63x107¢ (OR=2.00, 95%
CI=1.47-2.71), and comparison of the GG and AA homozy-
gous genotypes gave p<4.39x107¢ (OR=2.63, 95% CI=1.73—
4.00). For rs524952, tests of specific models also remained
highly significant; the genotypic test gave p<1.49x1075, the
additive model gave p<2.59x107%, the dominant model gave
p<2.89x107 (OR=1.90, 95% CI=1.40 — 2.56), and a comparison
of the GG and A A homozygous genotypes gave p<5.42x107
(OR=2.60, 95% CI=1.72-3.95). To account for possible differ-
ences in the Guangzhou and Chaoshanese populations (see

Discussion), association of rs634990 and rs524952 alleles
with myopia in the combined groups was also assessed using
the Mantel-Haenszel test, yielding p=3.54x107¢ and 2.17x107¢
for rs634990 and rs524952, respectively. In addition, logistic
regression correcting for Guangzhou or Chaoshan origin as
a covariate gave p=2.31x107¢ and 4.18x107¢ for rs634990 and
1s524952, respectively. Although the odds ratios for these
markers were somewhat lower in the Chaoshan group (Table
3), the two sample sets were not differentiated significantly
on this basis.

These results suggest that rs634990 and rs524952 might
be in strong linkage disequilibrium, and this is the case
(Table 4). In the Chaoshan population group, rs634990 and
r$524952 showed an 12 value of 1 with frequencies for the
AA haplotype of 0.54 in cases and 0.59 in controls, and
frequencies for the GT haplotype of 0.46 in cases and 0.41
in controls. Association of neither haplotype with myopia
reached significance in this group. In the Guangzhou group,
the markers showed an r? value of 0.95 with frequencies of
0.49 in cases and 0.64 in controls for the AA haplotype and
0.49 in cases and 0.36 in controls for the GT haplotype. Both
haplotypes were associated with myopia with p<1.20x1076;
the AA haplotype was protective with an OR=0.57 (95%
CI=0.45—0.71), and the GT haplotype increased the risk with
an OR=1.76 (95% CI=1.40-2.23). When the two groups were
combined, the association held, with r*=0.96 and frequencies
of 0.50 and 0.63 for the AA haplotype and 0.48 and 0.37 for
the GT haplotypes in cases and controls, respectively. Both
haplotypes were associated with myopia with p<2.20x1075;
the AA haplotype was protective with an OR=0.62 (95%
CI=0.51-0.75), and the GT haplotype increased the risk with
an OR=1.62 (95% CI=1.33-1.98).
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Figure 2. Linkage disequilibrium of markers at chromosome 15q14 and chromosome 15925 in the Guangzhou and Chaoshan populations.
Linkage disequilibrium is shown as r>. The chromosomal positions are rs634990 (35,006,073), rs524952 (35,005,886), rs8027411 (79,461,029),
rs17175798 (79,463,960), and rs939658 (79,451,869) from GRCh37.p5, build 37.3. For reference, the 5’ end of RASGRF1 is at 79,383,215, the
5" end of GOLGASB is at 34,875,771, the 3’ end of ACTCI is at 35,080,297, and the 3’ end of GJD2 is at 35,044,679; the loci are not included

in the regions shown here.

DISCUSSION

We evaluated the potential association of five polymorphisms
in two previously identified candidate regions on chromo-
some 15 in patients with moderate to high myopia in an
unselected Han Chinese population and a Chaoshanese popu-
lation; both groups were university students in Guangzhou,
China. Chaoshan is a specific area in eastern Guangdong
province, in which the people have unique cultural and origin
features as we have previously described [38]. However, prin-
cipal component analysis of Chaoshanese compared to other
Chinese populations shows that although the Chaoshanese
population appears to be more homogeneous than mixed
Han Chinese samples, this population is more similar to the
Guangzhou population than populations of other major cities

such as Shanghai and Hong Kong, which are Han Chinese
[38]. In addition, neither the affected, control, nor combined
Chaoshanese and Guangzhou sample sets were statistically
significantly differentiated based on any of the markers
studied here (data not shown), although the Chaoshan group
was small. In addition, the haplotype structures SNPs tested
in the 15q14 and 15q25 regions is similar in the two groups
(Figure 2). Taken together with the small size of the Chaoshan
sample set, these provided a rationale for combining the two
groups into a single analysis. The SNPs in the chromosome
15q14 region, rs634990 and rs524952, but none of the SNPs in
the 1525 region, rs8027411, rs17175798, and rs939658, were
significantly associated with high myopia. These results are
consistent across a broad variety of tests and models, with the
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similar results for rs634990 and rs524952 probably resulting
from the strong linkage disequilibrium between them. These
results are also consistent with Hayashi et al.’s [36] results
showing an association of markers in the 15q14 but not the
15925 region with high myopia.

This study was designed to confirm the results of two
genome-wide association studies of refractive error and
myopia in European populations showing association with
markers on chromosome 15q14 and 15925 [31,32], and a
more recent confirmatory study in a Japanese population
[36] as well as a meta-analysis including European and
Asian population groups [37], Table 5. The chromosome
15q14 region includes three genes, the Golgi autoantigen
golgin-67 (GOLGASB), cardiac muscle cardiac 1 (ACTCI),
and Connexin36 (GJD2), of which exons of GJD2 were
sequenced without showing any associated sequence changes.
Several common high myopia loci [26,34,35,41], as well as
Mendelian loci [23,28,42,43], have been identified in Han
Chinese. SNPs in genes including PAX6 [44-46], LAMAI
[47], LUM [48-50], TGFBI [51,52], and CTNND?2 [33,41], and
mutations in ZNF44 [53] also have been identified in Chinese
families with Mendelian high myopia. However, some regions
have not been consistently identified as risk loci [54,55]. The
results presented here provide strong support for a risk locus

© 2012 Molecular Vision

for high myopia in the Han Chinese population on chromo-
some 15q14 even though the original studies tested refractive
errors including low or medium myopia.

Although this study easily has sufficient power to
confirm the 15q14 association, the relatively small number of
patients and controls analyzed cannot exclude the possibility
of alleles of the three SNPs in the chromosome 15q25 region
showing some association with myopia. The combined data
set has about 80% power to detect an OR=1.3 but only 50%
to detect an OR=1.2 with p<0.05. However, it is unlikely that
the level of association in the 15925 markers is greater than
the 95% confidence limits of the odds ratios shown in Table
3 [56], which are between 0.71 and 1.41 for allelic association,
and between 0.57 and 1.44 for the genotype odds ratios. The
size of the Chaoshan test group does not allow exclusion of
low levels of association to the 15q14 locus in that popula-
tion, requiring odds ratios of 1.8 and 1.5 to provide 80% and
50% power for p<0.05, respectively. However, the Guangzhou
group alone does somewhat better with odds ratios of 1.4 and
1.26 providing 80% and 50% power for p<0.05, respectively.
Although the odds ratios are less extreme in the Chaoshan
than in the Guangzhou group, the trends are in the same
direction in both groups, and the confidence intervals overlap.
This is complicated by the lower threshold of refractive error

TABLE 5. SUMMARY OF ASSOCIATION OF MYOPIA WITH MARKERS ON CHROMO-
SOME 15Q14 AND 15Q25 FROM THE LITERATURE AND THE PRESENT STUDY.

Locus best SNPs* Gene(s) Study Population best P best OR
15q14 15634990 GOLGASB Solouki et al. [57] European 2.21x107™ 1.81 (1.42-2.36)"
1rs524952 ACTCI GID2
r$634990 Hayashi et al. [36] Japanese 8.781x1077 1.32 (1.11-1.56)
1s524952
rs634990 Verhoeven et al. European 9.2x10757 1.88 (1.64-2.16)*
[377** Japanese
Singapore
rs634990 European 3.87x1071 na
rs8032019 Asian 9.65x1074" na
15634990 present study Han Chinese  1.66x107%* 1.75 (1.39-2.20)
15g25 rs8027411 RASGRFI Hysi et al. [31] European 2.07x107° 1.16 (1.02-1.28)*
$939658
rs8027411 Hayashi et al. [36] Japanese 0.031 1.17 (1.03-1.33)
r$939658
r$939661 Verhoeven et al. European 1.22x1074& na
[37]** Japanese
Singapore
rs8027411 present study Han Chinese  0.17* 0.9 (0.72-1.14)

* not exhaustive; **meta-analysis including results of Hysi et al. and Soluki et al. with others; * p<3.56x10 considered significant after
Bonferroni correction; ¢ p<1.92x10- considered significant after Bonferroni correction; * OR for homozygous carriers not available; na
not available; "p<0.00066 is considered significant after Bonferroni correction
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for recruiting cases in the Chaoshan population, which might
decrease the genetic contribution to myopia in that group as
well as shifting the contributions of different candidate genes,
depending on their relationship to high and moderate myopia.
Finally, associations in the chromosome 15925 region seen
in other populations might not be present in Chinese. This
could be because of different population histories, which
could alter the haplotype block structure and result in a lack
of allelic association. In this regard, the haplotype structure
at the 15q14 and 15925 loci is identical in the Guangzhou and
Chaoshan groups (Figure 2). In addition, differing genetic
and environmental contributions to the disease risk in various
ethnic and geographic groups could also result in a lack of
association.

In conclusion, we confirmed the association of alleles
of 15634990 and rs524952 on chromosome 15q14 with high
myopia in a Han Chinese population of university students in
Guangzhou. In contrast, the results in the Chaoshan popula-
tion group and with markers rs8027411, and rs939658 on chro-
mosome 15q25 were inconclusive. This study also confirms
that the 15q14 locus, previously shown to affect refraction
in mild or moderate myopia, is important for high myopia,
implying at least some overlap in the genetic determinants
of these traits. Sequencing of genes in the region, including
ACTCI, GOLGASB, and GJD2, might show sequence changes
not seen in the European population, perhaps providing a clue
to the specific gene responsible for association at this locus.
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