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Abstract
Autosomal dominant high myopia is a common complex eye
disorder, with implications for blindness due to increased risk of
retinal detachment, chorioretinal degeneration, premature cataracts,
and glaucoma. An interval of 2.2 cM was defined on chromosome
18p11.31 using 7 families with AD high myopia and was
designated the MYP2 locus. We sought to characterize the
causative gene(s) by direct sequencing of 9 known positional
candidate genes in the region. The BLAST algorithm was used to
query BAC clones against the nt and EST databases to search for
evidence of expression of candidate genes from the MYP2 interval.
Exon/intron boundaries were also determined from known gene
structures described in the NCBI Map Viewer. Reverse
transcription polymerase chain reactions (RTPCR) and queries of
the UniGene database were performed to substantiate gene
expression in ocular tissues. Coding regions, intron/exon boundaries
and untranslated exons of all known genes were sequenced using
genomic DNA samples from 12 affected and 8 unaffected MYP2
pedigree members, and from 4 unaffected and 1 highly myopic
external controls. Polymorphic sites were compared to known
variants from the dbSNP database. In total, 116 polymorphisms
were found by direct sequencing; 12 were missense, 17 were silent,
34 were not translated, 51 were intronic, and 2 were homozygous
deletions. Fortysix polymorphisms were novel. Novel SNPs were
submitted to dbSNP; observed frequencies were submitted for
known SNPs. No identified sequence alterations were associated
with the disease phenotype. Further studies of MYP2 candidate
genes, including analysis of putative genes predicted in silico, are
underway to ascertain the determinant(s).

Introduction
Myopia (nearsightedness) affects approximately 25% of the adult
population of the United States [12]. High myopia is a significant
public health problem and is especially concerning as it is
associated with increased risk for visual loss [3]. The prevalence
rates for high myopia range from 2.3% to 9.1% [4,5] Currently, at
least 5 loci for highgrade myopia have been determined and
mapped to 5 different chromosomes [610]. Analysis of these
defined regions has not yet resulted in a determinant.
Our laboratory identified the MYP2 locus using 7 families (Figure
1) with nonsyndromic autosomal dominant high myopia ranging
from –6.00 to 18.50 diopters. We demonstrated significant
linkage to chromosome 18p11.31 with a maximum cumulative
LOD score of 9.59 at θ=0.00 for marker D18S481 [7]. The 7.6cM
recombinant interval was defined distally by marker D18S59
(CLUL1) and proximally by marker D18S1138 (DLGAP1).
Markers D18S52 and D18S1138 show the strongest TDT
association (Table 2) with the disease phenotype suggesting that
the MYP2 gene is likely within a 2.2 cM interval between D18S52
and D18S481[11]. Candidate genes within this refined interval
were screened for mutations possibly associated with the myopia
disease phenotype.

Methods
Patients:
After informed consent was obtained, total genomic
DNA was extracted from 1015ml of venous blood from the 7
MYP2 families using the PUREGENE™ kit (Gentra Systems,
Minneapolis, MN). Controls were obtained from family marryins,
nonmyopic family members, and unrelated subjects.
BLAST Search  Genomic structure of candidate genes was
elucidated by use of the NCBI blastn algorithm [12]. The known
cDNA, EST and mRNA sequences were queried against the
human_genomic, HTGS (highthroughput genomic sequence) and
GSS (genome survey sequences) databases provided by NCBI
using SunFire880 [Sun Microsystems, Santa Clara, CA] and IBM
p660 series [IBM, White Plains, NY] servers. Alignments were
scored for quality and length; spliced ESTs were given a higher
score. Potential splice variants of all RefSeq genes were studied.
DNA Amplification and Mutation Screening:
A total of 225
primer pairs were designed to amplify the 109 exons including 50
200 base pairs beyond the intronexon boundaries. Polymerase
chain reactions were performed on 150 ng genomic DNA using
standard methods; reactions were purified for sequencing with
QIAquick purification columns (Qiagen, Valencia, CA), and
sequenced using BigDye™ Terminator on Applied Biosystems
(ABI3730, ABI377, ABI3700, or ABI3100 Genetic Analyzer)
(Applied Biosystems, Foster City, CA), or with DYEnamic™ ET
dye terminator kit on a MegaBACE 1000 system (Amersham
Biosciences, Piscataway, NJ).
Sequences were trimmed for quality, and aligned using
Sequencher™ (Gene Codes, Ann Arbor, MI) or Gap4 (Staden,
Cambridge, England). Normal and affected individual DNA
sequences were compared to determine sequence variation.

Results

Methods II
Reverse Transcription – Polymerase Chain Reaction (RTPCR):
Total RNA from retina, cornea, optic nerve, and sclera was
extracted from 4 pooled human donor eyes (Pennsylvania Lions
Eye Bank, Philadelphia) using TRIZOL reagent. The eyes were
treated by submersion in RNALater solution (Ambion Inc., Austin
TX) within 212 hours post mortem. Reverse transcriptase
polymerase chain reaction (RTPCR) was performed using
standard methods with random hexamers and SuperScript II
(Invitrogen Corporation, Carlsbad CA) Subsequent genespecific
PCR was performed using Platinum Taq polymerase. Resulting
products were visualized on 2% agarose gels (Figure 3) after
electrophoresis and staining with ethidium bromide.

Figure 1

Results
BLAST searches of ESTs, mRNAs and cDNAs from the 18p11.31
critical region provided evidence for 109 spliced exons in RefSeq
genes. Gene structure varied from 2 exons (ZFP161) to 36 exons
(MYOM1) and spanned up to 385kbps of genomic DNA
(DLGAP1). Genomic structures were confirmed by data presented
in the NCBI MapViewer (build 34) of the reference human
genome sequence as outlined in Figure 4.

Table 1
Refractive Error

Pedigree#Individual#

Refractive Error

Pedigree#Individual#

OD

OS

OD

OS

115

10.50+2.50x82

11.50+2.75x97

56

10.00+1.50x46

8.25+1.75x105

116

11.00+0.75x60

12.25+1.00x70

59

+0.25+0.50x170

+0.25+0.25x170

119

6.00+1.50x50

6.50+0.75x80

64

7.25+1.25x180

7.25+1.25x20

121

Plano

Plano

66

Plano

Plano

123

Plano

Plano

75

10.75+2.00x10

10.50+2.50x70

26

16.00 sph

16.00 sph

External control1 (C1)

Plano

Plano

210

Plano

Plano

External control2 (C2)

Plano

Plano

36

19.25+2.25x135

21.00+3.00x60

External control3 (C3)

Plano

Plano

47

6.25 sph

6.00 sph

External control4 (C4)

Plano

Plano

48

Plano

Plano

External Myopic control5 (C5)

9.00 sph

9.00 sph

Figure 2

LOD
score
θ=0

SAGE
TDTEX
P Value

GH2
TDT
P Value

D18S1140

−∞

0.036

0.083

D18S59

5.96

0.013

0.317

D18S1146

1.4

0.227

0.083

D18S476

8.76

0.007

0.045

D18S481

9.59

0.001

0.108

D18S63

8.3

0.062

0.034

D18S1138

∞

3.9 X 104

0.011

D18S52

∞

1.79 X 106

0.007

D18S62

∞

0.141

0.479

D18S1150

∞

0.018

0.096

D18S1116

∞

0.214

0.683

Marker

EMILIN2
LPIN2
MYOM1
MRCL3
MRLC2
TGIF
DLGAP1

ZFP161

Figure 4

Sequence analysis revealed 116 polymorphisms; 12 were missense,
17 were silent, 34 were not translated, 51 were intronic, and 2 were
homozygous deletions. Novel SNPs and observed frequencies of
known SNPs were submitted to the dbSNP database.

Discussion

Figure 3

Table 2
CLUL1

RTPCR results confirmed expression of all genes tested in sclera,
cornea, optic nerve and retina (Figure 3). Potential splice variants
of CLUL1 were observed in sclera, optic nerve and retina.

ladder 1

2

3

4

5

6

7

8

9

10

ladder

CLUL1

EMILIN2

LPIN2

MYOM1

TGIF

DLGAP1
1 sclera, 2cornea, 3 optic nerve, 4 retina, 5lung, 6 skeletal muscle, 7
heart, 8 trachea, 9 kidney, (all Clontech, Inc.) 10brain (Ambion, Inc)

Nonsyndromic high myopia is a common, complex disorder that is
likely to result from alterations of multiple genetic factors. Indeed,
several loci have been mapped for nonsyndromic high myopia.
We will continue our efforts to determine the gene alterations
involved for the MYP2 locus and for the other known highgrade
simplex myopia loci.
We sequenced the full coding regions of nine positional candidate
genes in our patient samples of individuals from pedigrees with
MYP2 associated high myopia. No DNA sequence variants were
noted that implicated any as the causative gene. We were
especially interested in the TGIF candidate gene because of its
published association with MYP2 by SNP association studies[13].
TGIF exon 10 (exon 3 in the initial build of this gene) did not show
the same level of polymorphic variants in our cohort[14]. This may
be due to the ethnic differences in our two sample sets, although
family1 of the MYP2 pedigrees studied was of Chinese descent.
All other families were of Northern European descent. All other
families were of Northern European descent. Given that TGIF
mutations cause holoprosencephaly also reduces the likelihood that
it is directly associated with simplex myopia.
We interpret our negative findings with caution; it is quite possible
that one of these genes is responsible for MYP2 high myopia but
that the common variant is located distally in a promoter region,
within an intron, or within an isoform that was not represented in
our study.
Insilico prediction of novel genes, refinement of known genes and
further studies of MYP2 candidate genes are currently underway.
CONCLUSION
Mutation analysis of 9 positional candidate genes shown to be
expressed in ocular tissues for MYP2 autosomal dominant high
myopia did not identify sequence alterations associated with the
disease phenotype. Further studies of MYP2 candidate genes are
needed to determine the gene(s) causative for this potentially
blinding disorder. Mutation screening of other genes that also map
to this interval is in progress.
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