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A genome-wide association study (GWAS) for myopia 
susceptibility in chicks
Yu Huang1, 2, Chea-Su Kee2, Shea-Ping Yip3, 
Jeremy A. Guggenheim1, 2. 1School of Optometry & Vision Sciences, 
Cardiff University, Cardiff, United Kingdom; 2School of Optometry, 
Hong Kong Polytechnic University, Hong Kong, China; 3Department 
of Health Technology and Informatics, Hong Kong Polytechnic 
University, Hong Kong, China.
Purpose: Genome-wide association studies (GWAS) in human 
participants have successfully identified genetic variants associated 
with myopia susceptibility. However, GWAS approaches have had 
less success in identifying gene-environment (G×E) interactions. 
Aiming to reduce variability in environment exposures compared 
to children, we performed a GWAS for myopia susceptibility in the 
chick model.
Methods: White leghorn chicks 7 days old were monocularly form 
deprived for 4 days, in batches of approximately 20 individuals. The 
degree of induced myopia was quantified by A-scan ultrasonography 
and retinoscopy. From each batch, 20% of chicks with the highest 
or lowest treatment-induced axial length change (ΔAXL) were 
genotyped on a commercial Affymetrix SNP array. Using PLINK, 
ΔAXL elongation was analyzed as a continuous trait (dependent 
variable) with independent variables, SNP, sex, batch, and body 
weight.
Results: In 986 chicks from 48 batches, ΔAXL averaged 0.55 ± 0.17 
mm (mean ± S.D.). Chicks with a relatively low degree of induced 
myopia (n=190; ΔAXL=0.31 ± 0.08 mm) and a relatively high degree 
of induced myopia (n=190; ΔAXL=0.78 ± 0.08 mm) were genotyped 
(average call rate 99.5%). SNPs with call rate <95% or minor 
allele frequency <0.1, and samples with heterozygosity >0.4 were 
excluded, leaving 379 samples and 354,147 SNPs. After genomic 
control correction for relatedness (lambda = 1.22), regions on 
chromosomes 1 and 7 exceeded the suggestive association threshold 
(P <1e-05). The nearest genes were a cAMP-dependent protein kinase 
subunit and a member of the UDP glucuronosyltransferase family, 
respectively. The former gene has previously been implicated in 
myopia development in the chick model. These association peaks are 
being followed-up using RNA-seq analysis.
Conclusions: This study is the first report of a GWAS for myopia 
susceptibility in an animal model of myopia. The human homologues 
of the genes located on chick chromosomes 1 and 7 are being 
investigated for potential involvement in human myopia via G×E 
interactions.
Commercial Relationships: Yu Huang, None; Chea-Su Kee, None; 
Shea-Ping Yip, None; Jeremy A. Guggenheim, None
Support: Hong Kong UGC GRF grant PolyU 5610/13M
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Persistent activity of Muller glia-derived PRSS56 is required for 
refractive development
Seyyedhassan Paylakhi1, Cassandre Labelle-Dumais1, 
Yusef Seymens2, Nair Kayarat Saidas1. 1Ophthalmology, University of 
California, San Francisco (UCSF), San Francisco, CA; 2City College 
of San Francisco, San Francisco, CA.

Purpose: Ocular axial growth is central to refractive development. 
Alteration in ocular axial length leads to refractive errors. Molecular 
factors governing ocular growth are poorly defined. We have 
previously implicated a serine protease, PRSS56, in ocular axial 
growth and their genetic variants are implicated in refractive errors. 
Here, combinations of genetic mouse models were utilized to study 
the role of PRSS56 in the ocular axial growth.
Methods: Ocular expression of Prss56 was determined by  
lineage-tracing and in situ hybridization. Conditional Prss56 mutant 
(Prss56fl) mice were generated to delineate the spatiotemporal 
requirements of Prss56 on ocular growth. An inducible  
Rax-Cre ERt2 was used to ablate Prss56 from retinal Muller glia 
following tamoxifen injection at P8. Ubiquitous inducible Ubc-Cre 
line was used to ablate Prss56 (Prss56fl/fl;Ubc-Cre ERt2) during 
distinct stages, both before [Postnatal (P) days 6, and 8] and after 
opening of the eye (at P13). Optical Coherence Tomography was 
employed to perform ocular biometry, including axial length (AL) 
measurements starting from P5 to P60. Mouse auto-photorefractor 
was employed to measure the ocular refraction.
Results: Prss56 is first detected in the late retinal progenitor 
cells, and in a subset of Muller glial cells following retinal cell 
differentiation. Prss56-/- eyes display a reduced ocular axial length 
starting at P5 compared to the controls (Prss56+/- or Prss56+/+) and 
subsequently develop hyperopia. Conditional ablation of Prss56 
specifically from differentiated Muller glia by inducing activation 
of Rax-Cre ERt2 caused a significant reduction in ocular axial length 
as compared to control groups (2.724±0.036 mm for Prss56fl/fl vs 
2.869±0.0164 mm for Prss56fl/+, p<0.001). Stage-specific ablation 
of Prss56 both before (P6 and P8) and following the opening of the 
eyes (P13) caused reduction in AL compared to the controls. Prss56 
ablation at an earlier time point (P6) caused a greater reduction in 
AL compared to later ablation at P8 (0.115± 0.027 mm at P6 vs 
0.08±0.02 at P8).
Conclusions: PRSS56 derived from Muller glia contributes to ocular 
growth in a stage-specific manner. Persistent activity of PRSS56 both 
before (prevision) and following the opening of the eyes is required 
to sustain ocular axial growth. Thus, we identify a factor that operates 
in a continuum through distinct stages to support ocular growth and 
normal refractive development.
Commercial Relationships: Seyyedhassan Paylakhi, None; 
Cassandre Labelle-Dumais, None; Yusef Seymens, None; 
Nair Kayarat Saidas, None
Support: This work was supported in part NIH P30 core grant 
for vision research (UCSF, Ophthalmology), Research to Prevent 
Blindness unrestricted grant (UCSF Ophthalmology) and Special 
Scholar award (KSN), and NEI grants EY022891 (KSN), That man 
may see (KSN), Research Evaluation and Allocation Committee 
(REAC)-Tidemann fund (KSN), Marin Community Foundation- 
Kathlyn McPherson Masneri and Arno P. Masneri Fund (KSN), 
KTEF Career-Starter Research Grant (SP).
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Dynamic noise promotes myopic eye growth
Christopher Taylor, Burke Lieppman, Frances J. Rucker. Biomedical 
Science and Disease, New England College of Optometry, Boston, 
MA.
Purpose: Spatial, temporal, and spectral characteristics of visual 
stimulation are known to influence emmetropization in the chick. 
Previous research (Hess et al., 2008) has suggested that the high 
spatial frequency information in static noise stimuli can act to 
slow eye growth and reduce the development of myopia. In this 
experiment, we tested whether high spatial frequency information has 
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the same effect when the noise stimulus is dynamic and whether the 
spectral content of the stimulus is relevant in controlling eye growth.
Methods: 66 one-week old chicks were exposed to visual stimulation 
presented during a 12h light/dark cycle for three days. An Eizo 
computer monitor placed outside a Plexiglas cage was used to present 
the stimuli. The three stimulus conditions were i) Control: a steady 
full-screen of average luminance (110 cd/m2), ii) Flicker: full-screen 
sinusoidal flicker (frequency 10Hz, Michelson Contrast 0.82, RMS 
Contrast 0.56) iii) Noise: a dynamic full-screen noise stimulus 
(peak temporal frequency 10Hz; RMS contrast 0.56). Two spectral 
conditions, White and Yellow, were used for six conditions total. 
The White spectral condition used the red, green, and blue monitor 
components while the Yellow condition used only the red and green 
components. The average luminance for all stimulus conditions was 
equated. Ocular biometry (Lenstar LS 900) and refraction (Hartinger 
Coincidence Refractometer) were measured before and after three 
days of stimulus exposure.
Results: Eye growth showed a main effect of stimulus (F=6.58, 
p < 0.01) and an interaction between stimulus and the spectral 
characteristics (F=11.58, p < 0.001). Birds exposed to 10Hz White 
Flicker showed less eye growth than birds under the White Control 
(-0.03 mm/day, p < 0.05) or White Noise condition (-0.06 mm/day, 
p < 0.001). Birds exposed to White Noise showed more eye growth 
than those in the White Control condition (0.036 mm/day, p < 0.05). 
There was no difference in eye growth among the birds exposed to 
the stimulus conditions with Yellow light.
Conclusions: Consistent with previous research, broad-spectrum 
high-frequency flicker produced shorter, less myopic eyes than a 
steady light. Inconsistent with previous research using static noise, 
broad spectrum dynamic noise patterns produced longer eyes.
Commercial Relationships: Christopher Taylor, None; 
Burke Lieppman, None; Frances J. Rucker, None
Support: NIH EY0232-81
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Altered dopamine release in VMAT2 mutant mice has little effect 
on refractive development
Erica Landis3, Victoria Yang1, Li He5, Kelly Lohr3, 
P. Michael Iuvone4, 5, Machelle T. Pardue2, 1. 1Atlanta VA Medical 
Center, Atlanta, GA; 2Biomedical Engineering, Georgia Institute 
of Technology, Atlanta, GA; 3Neuroscience, Emory University, 
Atlanta, GA; 4Ophthalmology, Emory University, Atlanta, GA; 
5Pharmacology, Emory University, Atlanta, GA.
Purpose: The purpose of this work is to determine the role of 
dopamine (DA) as a potential stop signal for refractive development 
and myopia susceptibility in mice. Vesicular monoamine transporter 
2 (VMAT2) is responsible for packaging DA into vesicles for release. 
Thus, we hypothesize that increasing or decreasing expression of 
VMAT2 will enhance or diminish DA release, thereby altering 
refractive error during development.
Methods: Three groups of mice were used for these experiments; 
C57BL/6 mice over-expressing VMAT2 (VMAT2 HI), wild-type 
littermates (WT), and VMAT2 under-expressing mice (VMAT2 
LO). To confirm changes in DA signaling, we measured VMAT2 
expression in the retina with western blots and the retinal levels of 
DA and DOPAC with HPLC. The refractive development of each 
genotype was studied with biweekly measurements of refractive 
error, keratometry, and axial length from post-natal day 28 (P28) 
until P112 (HI n=16, WT n=8, LO n=7). To determine functional 
differences caused by changes in VMAT2 expression, optokinetic 
tracking was used to measure spatial frequency and contrast 
sensitivity thresholds of adult mice (HI n=3, WT n=4, LO n=3).

Results: Western blotting confirmed increased retinal VMAT2 
expression in the HI mice relative to the WTs and LOs. HPLC 
analysis showed that retinal dopamine levels in the LO mice were 
reduced by 68.3% compared to WT mice (p<0.001). In addition, 
retinal DOPAC was reduced in VMAT2 LO mice by 40.8% relative 
to WTs (p<0.01). HI and WT mice had similar levels of dopamine 
and DOPAC. Refractive errors of VMAT2 LO mice were significantly 
more hyperopic than HI and WT mice at P28 only (HI 2.78±0.43D; 
WT 1.93±0.77; LO 4.49±0.91). No significant differences were 
found in keratometry or axial length between the genotypes. Spatial 
frequency and contrast sensitivity thresholds were similar across 
HI, WT and LO mice (SF HI: 0.40±0.003, WT: 0.40±0.006, LO: 
0.40±0.004, CS HI: 9.78±0.13, WT: 9.76±0.42, LO: 9.62±0.44).
Conclusions: These results indicate that altered DA release 
modulates only early refractive development under normal laboratory 
conditions. The absence of changes in visual function suggest that 
modulations of VMAT2 may not alter DA release to critical levels 
or that potential compensatory mechanisms exist, which may also 
explain the lack of effect on refractive development. Future studies 
will test susceptibility of VMAT2 mutants to form deprivation 
myopia.
Commercial Relationships: Erica Landis, None; Victoria Yang, 
None; Li He, None; Kelly Lohr, None; P. Michael Iuvone, None; 
Machelle T. Pardue, None
Support: NIH NEI R01 EY016435, R01 EY004864, P30 EY006360, 
Research to Prevent Blindness, and Research Career Scientist Award 
(MTP) from the Department of Veterans Affairs Rehab R&D Service
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Differences in INL/ONL Ratios for Myopes and Emmetropes/
Hyperopes
Christopher A. Clark, Ann E. Elsner, Casey Carr, Theodore Chow. 
School of Optometry, University of Indiana, Bloomington, IN.
Purpose: Retinal thickness has been shown to differ between myopes 
and emmetropes, with myopes typically having relatively thinner 
retinas outside of 5 degrees from the fovea, and, in some studies, 
myopes haveing thicker retinas at the fovea. The Inner Nuclear Layer 
(INL), composed primarily of bipolar, horizontal, and amacrine 
cell nuclei, and the Outer Nuclear Layer (ONL), composed of 
photoreceptor nuclei and Mueller cell processes, may contain some 
of the first signalling neurons in the emmetropization cascade. The 
purpose of this study is examine change in proportion of INL to ONL 
thickness as it relates to refractive error/axial elongation.
Methods: 376 subjects signed informed consents approved by the 
Indiana University IRB. Retinal thickness data was collected by SD 
OCT using 30 degree radial scans along with corneal topography 
(Medmont), refraction (Grand Seiko) and axial length/anterior 
chamber depth (IOLmaster, Zeiss). After automated segmentation, 
thickness ratios were calculated by dividing the INL thickness by 
the ONL thickness at every location along the horizontal and vertical 
plane. Data were then collected at 1 degree intervals +/-14 degrees 
from the fovea. Statistics were performed using repeat measures 
ANOVA in SPSS (IBM.) Subjects were categorized into emmetropes/
hyperopes and myopes based upon a -0.75 diopter cutoff.
Results: Myopes exhibited significantly lower INL/ONL ratios at 
locations peripheral to the fovea, beginning at 5 deg temporally 
and 7 deg nasally (P = 0.008), compared to the emmetropes/
hyperopes. Both the INL and ONL were significantly thinner 
for myopes compared to emmetropes. Linear regression showed 
a mild correlation between refractive error and INL/ONL ratio 
at 5 degrees (y=0.0097X+0.3314, R2 = 0.162) and 10 degrees 
(y=0.0074X+0.2757, R2 = 0.121) temporal.
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Conclusions: While both the INL and ONL were thinner in myopes, 
the INL/ONL ratio was reduced in the myopic group compared to 
the emmetropes/hyperopes. This suggests that outside the central 
fovea, the INL was comparatively thinner than the ONL in myopesfor 
myopes. In a radial stretch hypothesis, the ONL would be expected 
to be thinned to a similar extent compared with the INLdue to axial 
elongation, which was not supported by the data. The data also did 
not support a neural summation hypothesis whereby a larger number 
of photoreceptors connect to smaller number of cells, again expecting 
the ONL to be thinner relative to the INL.
Commercial Relationships: Christopher A. Clark, None; 
Ann E. Elsner, None; Casey Carr, None; Theodore Chow, None
Support: NIH Grant EY022064
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Inter-Layer Differences in Elastic Properties of Guinea Pig Sclera 
at the Micrometer Scale with Acoustic Microscopy
Quan V. Hoang1, 2, Daniel Rohrbach4, Sally A. McFadden3, 
Ronald H. Silverman1, 4, Jonathan Mamou4. 1Ophthalmology, 
Harkness Eye Institute, Columbia University, New York, NY; 
2Singapore Eye Research Institute, Singapore National Eye Centre, 
Singapore, Singapore; 3Vision Sciences Group, Faculty of Science 
and IT, School of Psychology, University of Newcastle, Newcastle, 
NSW, Australia; 4F. L. Lizzi Center for Biomedical Engineering, 
Riverside Research, New York, NY.
Purpose: The anatomical change underlying excessive eye 
elongation in myopia likely occurs in the collagen-rich sclera. 
We employed scanning acoustic microscopy (SAM) to study the 
relationship between the microscopic structural properties of scleral 
collagen and its macroscopic mechanical outcome in myopic guinea 
pig (GP) eyes.
Methods: Sclera from 6 eyes from three 14-day-old guinea pigs 
were scanned with SAM. Right eyes had undergone 6-8 days of form 
deprivation. Flash-frozen eyes were cryosectioned 12-µm thick and 
mounted on the SAM, which was equipped with an F-1.16, 250-
MHz transducer and 7-µm lateral beam width. Maps of the speed 
of sound (c), acoustic impedance (Z), attenuation (a), bulk modulus 
(K), and mass density (ρ) were derived from the frequency domain 
representation of each recorded signal using a model-based approach. 
Additionally, two GP eyes were processed for light and transmission 
electron microscopy to assess collagen fibril morphology.
Results: Average material properties among control left eyes were 
found to be c=1657±85 m/s, Z=1.63±0.04 MRayl, K=2.71±0.18 
GPa, and ρ=1.00±0.03 g/cm3. Among right eyes (which were -3.21, 
-5.54 and -9.29 D relatively myopic), average material properties 
were c=1638±65, Z=1.64±0.04, K=2.70±0.14 and ρ=1.01±0.02. 
Maps of K in both control and myopic sclera showed a distinctive 
4-layered structure of roughly equal thickness (25.0±5.4% each). 
When comparing the two central scleral layers to the anterior-most 
and posterior-most scleral layers in control eyes, central layers 
had significantly greater K (by +0.28, p=0.0008), lower ρ (-0.04, 
p=0.004) and greater c (+137, p=0.0005). Among myopic eyes, 
central scleral layers showed similar trends with greater K (by +0.22, 
p=0.002), lower ρ (-0.04, p=0.005) and greater c (+106, p=0.0005). 
Consistent with previous reports, (Cui et al. 2011), microscopy 
demonstrated variation in collagen fibril diameter and orientation 
across scleral layers.
Conclusions: This study reports a layered structure of the GP sclera 
with varying properties in ρ and K. These layers may correspond to 
noted differences in collagen fibril diameter and orientation between 
scleral layers. SAM analysis provides fine-resolution biomechanical 
properties of soft tissues and may be invaluable in the investigation 

of ocular tissues in diseases where tissue elasticity is believed to play 
an important role such as in high myopia.
Commercial Relationships: Quan V. Hoang, None; 
Daniel Rohrbach, None; Sally A. McFadden, None; 
Ronald H. Silverman, None; Jonathan Mamou, None
Support: This work was supported in part by an unrestricted 
grant from Research to Prevent Blindness (RPB), NIH Core Grant 
P30EY019007, NIH Grant R21EB016117 (JM), Hunter Medical 
Research Institute HMRI G1400967 (SAM) and Career Development 
Awards from Research to Prevent Blindness (QVH), K08 Grant 
(QVH, 1 K08 EY023595, National Eye Institute, NIH) and 
philanthropic support from Joseph Connors (QVH).
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Egr-1 mRNA Expression in Response to Myopic Defocus
Regan Ashby1, 2, Cindy Karouta1. 1Health Research Institute, 
University of Canberra, Canberra, ACT, Australia; 2Research School 
of Biology, Australian National University, Canberra, ACT, Australia.
Purpose: The expression of the transcription factor Egr-1 appears 
to act as a biomarker of ocular growth, showing, for the most part, 
a bi-directional response to opposing growth stimuli. However, in 
response to lens-induced hyperopia (LIH), Egr-1 mRNA levels do 
not follow the expected up-regulation normally associated with 
growth suppression, but rather are down-regulated similar to that seen 
during periods of enhanced growth. This study investigated if this 
unexpected directional change in Egr-1 expression may be associated 
with the growth state of the eye prior to lens-wear. Specifically, Egr-1 
expression is up-regulated in response to myopic defocus associated 
with the removal of translucent diffusers or negative lenses from 
already myopic eyes. In both of these paradigms, the eye is in a state 
of increased growth before the optical device is removed. In contrast, 
in LIH, myopic defocus is applied to an eye that was previously in a 
state of normal growth.
Methods: Egr-1 mRNA levels were measured in the chick retina 
using RT-PCR after 4 and 24 hrs in response to the following 
conditions: 1) Fitment of +5D or +10D lenses to otherwise normal 
eyes (n=7); 2) Fitment of +5D lenses following compensation to 
-10D lenses (n=7); 3) Fitment of +10D lenses after compensation to 
-5D lenses (n=7); 4) Fitment of +5D lenses after partial compensation 
to -10D lenses (i.e. the eye is still in a state of excessive growth; 
n=7); 5) Fitment of +5D lenses following four days of diffuser-wear 
(i.e. again, the eye is in a state of excessive growth; n=7).
Results: Egr-1 mRNA expression was significantly down-regulated 
in the retina following 4 and 24hrs of plus lens-wear irrespective 
of the previous state of eye growth (one-way ANOVA, treated (five 
conditions x two time points) vs untreated control values; F(10, 84) = 
1816.8, p<0.0001).
Conclusions: Egr-1 mRNA levels are normally up-regulated 
in response to myopic defocus associated with the removal of 
translucent diffusers or negative lenses. In contrast, plus lens-wear, 
which also induces myopic defocus, induces a down-regulation in 
Egr-1 levels. This down-regulation occurs irrespective of whether the 
eye was in a normal or excessive state of growth prior to plus lens-
wear. Together, these results suggest that myopic defocus induced by 
plus lens-wear is somehow processed differently at the level of the 
retina to that seen following diffuser or negative-lens removal.
Commercial Relationships: Regan Ashby, None; Cindy Karouta, 
None


