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Program Number: 176 Poster Board Number: B0120
Presentation Time: 8:30 AM–10:15 AM
Genetic, environmental and phenotypic risk factors for 
progression of age-related macular degeneration
Vasilena Sitnilska1, Eveline Kersten2, Lebriz Altay1, Tina Schick1, 
Philip Enders1, Carel C. Hoyng2, Anneke I. Den Hollander2, 
Sascha Fauser1. 1Department of Ophthalmology, University of 
Cologne, Cologne, Germany; 2Department of Ophthalmology, 
Radboud University Nijmegen Medical Center, Nijmegen, Germany.
Purpose: To develop a prediction model for the conversion of early 
to late age-related macular degeneration (AMD) including genetic, 
environmental and phenotypic risk factors (RF).
Methods: This case-control study included 123 subjects out of 337 
early/intermediate AMD patients from European genetic database 
with minimum 5 years follow-up. AMD-Staging and phenotypic 
characteristics were based on color fundus photographs and spectral-
domain optical coherence tomography (SD-OCT). Logistic regression 
analysis for progression to advanced AMD was performed separately 
for environmental, phenotypic and major genetic RFs (CFH 
rs1061170 and ARMS2 rs10490924). The conducted parsimonious 
prediction model was validated using receiving operating 
characteristics and Hosmer-Lemeshow test.
Results: During a mean follow-up time of 5.59 years 30 patients 
(24.4%) developed late AMD. Age (Odds Ratio (OR):1.10, 
p=0.004, 95% Confidence Interval (95%CI):1.03-1.18), CFH 
rs1061170(OR:4.20, p=0.001, 95%CI:1.80-9.76), drusenoid pigment 
epithelial detachment (dPED, OR:20.25, p=1.93x10-7, 95%CI:6.53-
62.86), hyperreflective foci (HF) (OR:89.97, p=2.20x10-6, 95%CI: 
13.97-579.62), central location of HF (OR:11.81, p=0.002, 
95%CI:2.49-56.11), central drusen location (OR:10.83, p=8.70x10-5, 
95%CI:3.30-35.60), reticular drusen (OR:6.25, p=0.002, 95%CI:2.02-
19.40) and pigment abnormalities (OR:9.14, p=3.85x10-5, 
95%CI:3.19-26.21) were independently associated with  
AMD-progression. The prediction model including age, CFH 
rs1061170, dPED and HF had the highest prognostic value for 
transition to late AMD (area under the curve:0.935) and  
showed an adequate calibration (Hesmer-Lemeshow test  
chi-quadrat=2.74, p=0.950).
Conclusions: Patients with simultaneous occurrence of dPED and 
HF in SD-OCT have an increased likelihood of progression to late 
AMD during 5 years. In those cases intensified monitoring seems 
advisable to detect conversion and treat as early as possible
Commercial Relationships: Vasilena Sitnilska, None; 
Eveline Kersten, None; Lebriz Altay, None; Tina Schick, None; 
Philip Enders, None; Carel C. Hoyng, None; Anneke I. Den 
Hollander, None; Sascha Fauser, None

Program Number: 177 Poster Board Number: B0121
Presentation Time: 8:30 AM–10:15 AM
Deep Phenotype Association Study in AREDS2 Suggests 
Pleiotropic Genetic Associations with Ocular and Systemic 
Disease
Tiarnan D. Keenan1, 2, Michael Simmons1, Freekje Van Asten1, 
Ayush Singhal3, Rinki Ratnapriya1, Elvira Agron1, Anand Swaroop1, 
Zhiyong Lu3, Emily Chew1. 1National Eye Institute, National Institutes 
of Health, Bethesda, MD; 2University of Manchester, Manchester, 
United Kingdom; 3National Center for Biotechnology Information, 
National Library of Medicine, National Institutes of Health, 
Bethesda, MD.
Purpose: The aim was to investigate for novel pleiotropic 
associations between genetic variants and both ocular and systemic 
disease. Using a novel literature-mining tool to help select genetic 
variants, we performed a Deep Phenotype Association Study 
(DeePAS) on AREDS2 participants in order to study potential 
associations between these genetic variants and diverse medical 
conditions.
Methods: The AREDS2 documented 138 phenotypes including 
AMD features, other ocular conditions, cognitive function and 
cardiovascular, neurological, gastrointestinal and endocrine disease. 
Genotype data was available for 1826 AREDS2 participants. 
A literature-mining tool (PubTator) was used to aid selection of 
SNPs (24 total). The DeePAS analysis was performed by assessing 
correlation between SNPs and phenotypes in the AREDS2 dataset.
Results: The ε2 allele of the APOE genotype was inversely and 
significantly associated with both hyperlipidemia (OR 0.51; 
p=2.1x10-9) and use of statin medication (OR 0.60; p=4.2x10-6). Other 
results met the nominal but not Bonferroni-corrected significance 
level, as follows. A very common variant in PON1 (rs662) was 
associated with increased risk of diabetes mellitus (OR 1.36; 
p=0.001) but decreased risk of multiple AMD phenotypes including 
geographic atrophy (OR 0.76; p=0.001) and neovascular AMD 
(OR 0.46; p=0.002). A common variant in MTHFR (rs1801133) 
was linked to decreased risk of cognitive dysfunction (OR 0.59; 
p=0.0007) but to increased risk of positive cardiac stress test (OR 
2.9; p=0.002). A variant in HFE (rs1800562), the hemochromatosis 
gene, was inversely associated with cortical lens opacity (OR= 0.59; 
p=0.0005).
Conclusions: Genotype-phenotype analysis in AREDS2 participants, 
aided by automatic literature mining, can suggest novel pleiotropic 
associations between genetic variants and diverse ocular and systemic 
diseases. In the context of understanding AMD pathophysiology, the 
potentially protective effects of PON1 variants merit further study.
Commercial Relationships: Tiarnan D. Keenan; 
Michael Simmons, None; Freekje Van Asten, None; 
Ayush Singhal, None; Rinki Ratnapriya, None; Elvira Agron, 
None; Anand Swaroop, None; Zhiyong Lu, None; Emily Chew, 
None
Support: Bayer Global Ophthalmology Awards Program (TK);  
NIH Medical Research Scholars Program (MS)
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Getting to the root of MacTel: joint dissection of genetic risk loci 
and ocular phenotypes
Roberto Bonelli1, 2, Thomas Scerri1, 2, Traci E. Clemons3, 
Ferenc Sallo4, Irene Leung4, The MacTel Consortium3, Tunde Peto4, 5, 
Melanie Bahlo1, 2. 1Population Health and Immunity, Walter + 
Eliza Hall Institute of Medical Research, Parkville, VIC, Australia; 
2The University of Melbourne, Melbourne, VIC, Australia; 3The 
EMMES Corporation, Rockville, MD; 4Department of Research 
and Development, NIHR BMRC at Moorfields Eye Hospital NHS 
Foundation Trust and UCL IoO, London, United Kingdom; 5Centre 
for Public Health, Queen’s University Belfast, Belfast, Ireland.
Purpose: Macular telangiectasia type 2 (MacTel), is a rare and 
often underdiagnosed degenerative eye disease that may results 
in blindness. MacTel patients present with different clinical 
signs, usually between the ages of 40-60, such as loss of retinal 
transparency, pigment plaques, abnormal capillaries and parafoveal 
telangiectasias, resulting in visual acuity and quality of life loss. 
Historically, we carried out a genome-wide association study and 
discovered the first five genetic loci involved in this disease. These 
loci belong to multiple biological pathways, with the top locus 
previously associated to retinal vasculature calibre and the other four 
with the glycine/serine metabolism pathway. In this study, we wanted 
to discover whether these genetic loci are associated with particular 
MacTel clinical phenotypes.
Methods: We analysed phenotypic data from the MacTel Natural 
History Study conducted from 2005 to 2015 on 1094 MacTel 
cases and 98 controls. After multiple imputation to infer missing 
data we reduced the initial 200 phenotypes to 20 endophenotypes 
using methods such as factorial analyses. These endophenotypes 
encompass macular abnormalities as well as visual acuity and vision 
health related quality of life status estimated through the NEI VFQ-
25. We then analysed the association between the genetic risks and 
the endophenotypes in 500 MacTel patients, that had genetic data 
available, using linear mixed models.
Results: Genetic loci implicated in the glycine and serine pathway 
were associated with an increased loss of retinal transparency 
(b=0.076, p-value=0.001), retinal pigment plaques (b=0.085, 
p-value=0.005) and breaks of the IS/OS layer (b=0.052, 
p-value=0.006). The same loci were found to be associated with 
a decrease of retinal thickness (b= -0.086, p-value=0.002). On the 
contrary, the top locus in the GWAS study was associated with an 
increase in retinal thickness (b=0.036, p-value=0.001). Our analysis 
also suggests a relationship between genetic risk, visual acuity and 
vision health related quality of life.
Conclusions: Our results show that the set of complex phenotypes 
in MacTel can be dissected by the genetic loci, partitioning both 
the genetic and diagnostic aetiologies. Further work will use these 
results to identify early signs of the disease and to identify the genes 
underpinning the GWAS loci and their mechanism. This will lead to 
better prognosis and future treatments.
Commercial Relationships: Roberto Bonelli, None; 
Thomas Scerri, None; Traci E. Clemons, None; Ferenc Sallo, 
None; Irene Leung, None; The MacTel Consortium, None; 
Tunde Peto, None; Melanie Bahlo, None

Program Number: 179 Poster Board Number: B0123
Presentation Time: 8:30 AM–10:15 AM
Incidence and de-novo mutation rate of Marfan syndrome and 
risk of ectopia lentis
Ricky Cui, Nancy Diehl, Brian Mohney. Mayo Clinic, Rochester, 
MN.

Purpose: There are no known epidemiological data for Marfan 
syndrome from the United States and only 5 reports published 
worldwide. The purpose of this retrospective, observational clinical 
study was to investigate the incidence and de-novo mutation rate of 
Marfan syndrome and the risk for developing ectopia lentis.
Methods: The medical records of all patients newly diagnosed with 
Marfan syndrome in Olmsted County, Minnesota, from January 1, 
1976, through December 31, 2005, were retrospectively reviewed. 
The Ghent criteria were used for clinical diagnosis of Marfan 
syndrome and genetic testing was offered for confirmation.
Results: Marfan syndrome was identified in 17 patients during the 
30-year period, yielding an incidence of 0.52 per 100,000 people per 
year (95% CI, 0.27-0.77). The mean age at diagnosis was 24 years 
(range, 1 year to 51 years) and 9 (52.9%) were female. Five (29.4%) 
of the 17 were considered new mutations with a calculated mutation 
rate of 3.8 ± 1.7 x 10-5. Four (23.5%) were diagnosed with ectopia 
lentis, including 3 at the time of their Marfan diagnosis. Of the 14 
patients at risk for developing ectopia lentis after being diagnosed 
with Marfan syndrome, 1 (7.1%) developed it during a mean  
follow-up of 9 years (range, 0 to 26 years). Twelve (70.5%) of the 17 
were diagnosed with a dilated ascending aorta during a mean follow-
up of 11 years (range, 6 months to 29 years).
Conclusions: The incidence and de-novo mutation rate of Marfan 
syndrome in this population-based cohort was higher than prior 
reports. The prevalence of ectopia lentis, not previously reported, 
occurred in approximately one-fourth of the study patients, and more 
commonly around the time of the initial Marfan diagnosis.
Commercial Relationships: Ricky Cui, None; Nancy Diehl, None; 
Brian Mohney, None

Program Number: 180 Poster Board Number: B0124
Presentation Time: 8:30 AM–10:15 AM
Heritability of retinal vascular fractals: a twin study
Anna Stage Vergmann1, Rebecca Broe1, Line Kessel2, 5, Jesper 
Leth Hougaard3, Kirsten Ohm Kyvik4, Michael Larsen2, 5, Inger 
Christine Munch2, 6, Jakob Grauslund1. 1Odense University Hospital, 
Odense C, Denmark; 2University of Copenhagen, Faculty of Health 
and Medical Sciences, Copenhagen, Denmark; 3Department of 
Ophthalmology, Skånes University Hospital, Malmö, Sweden; 
4Department of Clinical Research, University of Southern Denmark, 
Odense, Denmark; 5Department of Ophthalmology, Rigshospitalet 
- Glostrup, Glostrup, Denmark; 6Department of Ophthalmology, 
Zealand University Hospital, Roskilde, Denmark.
Purpose: To determine the genetic contribution to the pattern or 
retinal vascular branching as expressed by its fractal dimension.
Methods: This was a cross-sectional study of 59 monozygotic (MZ) 
and 55 dizygotic (DZ), same-gender twin pairs aged 20-46 years. In a 
50-degree, disc-centred fundus photograph, the fractal dimension was 
evaluated by a trained grader using the box-counting method in the 
SIVA-Fractal software version 1.0 (National University of Singapore, 
Singapore). The fractal dimension was compared within MZ and 
DZ twin pairs using Pearson correlation coefficents. To determine 
the genetic component, we used Falconer’s formula to calculate the 
heritability, h2.
Results: Retinal vascular fractals were gradable for both twins in 
50 MZ and 49 DZ twin pairs. Median age was 36 years (range 20 
to 46 years), and 44% were male. The mean fractal dimension was 
1.505 (SD 0.0287) and 1.495 (SD 0.0324) for MZ and DZ twins, 
respectively. The Pearson correlation coefficient between twin A and 
twin B was 0.50 (p=0.0002) for MZ twins and 0.11 (p=0.46) for DZ 
twins. The heritability h2 for the fractal dimension was 0.79.
Conclusions: The branching pattern of retinal vessels as depicted on 
fundus photographs of healthy young twins demonstrated a higher 
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likeness between monozygotic twins than between dizygotic twins. 
The likeness parameter, fractal dimension, was determined largely by 
genetic factors.
Commercial Relationships: Anna Stage Vergmann, None; 
Rebecca Broe, None; Line Kessel, None; Jesper Leth Hougaard, 
None; Kirsten Ohm Kyvik, None; Michael Larsen, None; Inger 
Christine Munch, None; Jakob Grauslund, None
Support: The study was supported by grants from the Novo Nordic 
Foundation for Research in Biotechnology and Pharmaceutical 
Sciences, the Danish Diabetes Association, the Danish Heart 
Foundation, the Danish Medical Research Council, the Danish 
National Science Foundation (Grundforskningsfonden), Fight for 
Sight Denmark, and The Danish Eye Research Foundation.

Program Number: 181 Poster Board Number: B0125
Presentation Time: 8:30 AM–10:15 AM
Newly identified genes for refractive error and risk of myopia
Virginie J. Verhoeven1, 6, Adriana I Iglesias7, Milly S. Tedja1, 
Elisabeth M. van Leeuwen1, Pirro G. Hysi2, Robert Wojciechowski3, 4, 
Christopher J. Hammond2, Caroline Klaver1, 5. 1Department 
of Ophthalmology / Epidemiology, Erasmus Medical Center, 
Rotterdam, Netherlands; 2Department of Twin Research and Genetic 
Epidemiology, King’s College London School of Medicine, London, 
United Kingdom; 3Inherited Disease Research Branch, National 
Human Genome Research Institute, US National Institutes of Health, 
Baltimore, MD; 4Department of Epidemiology, Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD; 5Department 
of Ophthalmology, Radboud University Medical Center, Nijmegen, 
Netherlands; 6Department of Clinical Genetics, Erasmus Medical 
Center, Rotterdam, Netherlands; 7Department of Epidemiology, 
Erasmus Medical Center, Rotterdam, Netherlands.
Purpose: Myopia is widely recognized as a multifactorial, complex 
genetic disorder. Recently, More than 100 loci for refractive 
phenotypes were identified by the Consortium for Refractive Error 
and Myopia (CREAM) and 23andMe. We aimed to assess the overall 
risk of refractive error for carriership of the associated variants by 
using polygenic risk scores.
Methods: We performed our analyses in the population-based 
Rotterdam Study I-III (RS I-III; n = 10,792) and in the high myopia 
case control study MYST (n = 1165). Polygenic risk scores were 
calculated using the P-values and Z-scores from the meta-analysis 
of CREAM and 23andMe excluding RS I-III (n = 149,628). SNPs 
were selected on imputation quality score > 0.8 and MAF > 0.01. 
We performed P-value-informed clumping using PLINK. For each 
individual, scores were calculated based on a range of P-value 
thresholds. We calculated the variance explained by the polygenic 
risk scores using regression analyses. Mean odds ratios of myopia 
were calculated per decile of genetic risk score, using the 5th decile as 
the reference.
Results: A total of 243,938 SNPs was available for these analyses. 
The maximum variance of SE explained was 7.9% in RS I-III and 
2.7% in MYST, at a P-value threshold of 0.005 including 7,307 
variants. Risk scores ranged from a mean risk score of 0.06 (SD 
0.006) in the lowest risk score category to 0.01 (SD 0.006) in the 
highest risk score category. The lowest and the highest decile of 
genetic risk were associated with OR 0.23 (95% CI = 0.15-0.36), and 
OR 9.10 (95% CI = 5.91-14.01) of myopia, respectively.
Conclusions: The current genetic findings discriminate well between 
subjects with low and high risk of myopia. Nevertheless, the 
explained variance is low, indicating that the missing heritability is 
still significant.
Commercial Relationships: Virginie J. Verhoeven, None; Adriana 
I Iglesias, None; Milly S. Tedja, None; Elisabeth M. van Leeuwen, 

None; Pirro G. Hysi, None; Robert Wojciechowski, None; 
Christopher J. Hammond, None; Caroline Klaver, None

Program Number: 182 Poster Board Number: B0126
Presentation Time: 8:30 AM–10:15 AM
Chromosome 11p is Significantly Linked to Myopia in Caucasian 
Families
Anthony Musolf1, Claire L. Simpson5, Bilal A. Moiz1, Kyle A. Long1, 
Deyana D. Lewis1, Candace D. Middlebrooks1, Laura Portas2, 
Federico Murgia2, Elise B. Ciner3, Dwight Stambolian4, 
Joan E. Bailey-Wilson1. 1National Human Genome Research 
Institute, National Institutes of Health, Baltimore, MD; 2Institute of 
Population Genetics, Sassari, Italy; 3Salus University, Elkins Park, 
PA; 4Department of Ophthalmology, University of Pennsylvania, 
Philadelphia, PA; 5Department of Genetics, Genomics and 
Informatics, University of Tennessee Health Science Center, 
Memphis, TN.
Purpose: Myopia is one of the most common forms of visual 
impairment in the United States, with nearly one in four Americans 
affected. The genetics involved in myopia have yet to be completely 
understood. This study uses Caucasian families with a history of 
myopia to find linkage between the disease and variants in the 
genome.
Methods: Our sample data consisted of 56 Caucasian families with 
a history of myopia. Individuals were genotyped on the Illumina 
Exome Array and merged with previously obtained microsatellite 
data. Individuals were coded as either affected with myopia, 
unaffected, or unknown. Three types of parametric linkage analyses 
were performed: standard single variant two-point linkage, multipoint 
linkage, and collapsed haplotype pattern variant linkage (CHP). CHP 
linkage involves creating a multi-allelic pseudomarker from multiple 
single variants to boost information content. Two-point linkage is 
then run on the pseudomarker, which corresponds to a genetic region. 
Family-based association analyses using rare and common variants 
are underway.
Results: Single variant two-point analysis revealed three genome-
wide significant SNPs (HLOD >= 3.3) located at 11p15.4, 11p15.1, 
and 11p11.2. An additional 47 suggestive SNPs were also found 
in the 11p region. CHP linkage analysis identified three suggestive 
variants on 11p and multipoint analysis identified two suggestive 
variants. 11p is an excellent candidate region for myopia, as linkage 
has previously been reported there for myopia (MYP7) at 11p13 
and it contains several interesting genes. Our highest overall SNP is 
located in an antisense RNA to BBOX1. Two other highly suggestive 
SNPs were located in antisense RNA to BDNF which is known to 
have retinal healing properties. These two SNPs were particularly 
strong in one family (LOD score > 1). The most interesting exonic 
SNPs occurred in PTPRJ, one of which was predicted damaging. 
While PTPRJ has not been implicated in myopia, other protein 
tyrosine phosphatases have been.
Conclusions: We have identified a genome-wide significant 
linkage peak on 11p for myopia in Caucasian families. The region 
contains a large number of quality candidate genes, and we plan 
targeted sequencing on the region to further narrow down the causal 
variant(s).
Commercial Relationships: Anthony Musolf, None; 
Claire L. Simpson, None; Bilal A. Moiz, None; Kyle A. Long, 
None; Deyana D. Lewis, None; Candace D. Middlebrooks, None; 
Laura Portas, None; Federico Murgia, None; Elise B. Ciner, 
None; Dwight Stambolian, None; Joan E. Bailey-Wilson, None
Support: NIH/NGHRI Intramural Research Program, R01EY020483
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European ancestry is associated with lower risk of primary open 
angle glaucoma in Latinos
X. Raymond Gao1, Drew Nannini1, Mina Torres2, Rohit Varma2. 
1Department of Ophthalmology and Visual Sciences, University 
of Illinois at Chicago, Chicago, IL; 2USC Roski Eye Institute, 
Department of Ophthalmology, University of Southern California, 
Los Angeles, CA.
Purpose: Glaucoma is a leading cause of irreversible blindness, 
affecting more than 70 million people worldwide. Primary open angle 
glaucoma (POAG) is the most common form of glaucoma. Racial 
differences in POAG have been observed, with Latinos experiencing 
higher risk of POAG compared to individuals of European descent. 
The purpose of this study was to investigate the relationship between 
genetic ancestry and POAG in a Latino population.
Methods: We conducted a population-based association study 
using 4,015 Latinos recruited from the Los Angeles Latino Eye 
Study (LALES). Study participants were genotyped using either the 
Illumina OmniExpress BeadChip (~730K markers) or the Illumina 
Hispanic/SOL BeadChip (~2.5 million markers) through LALES 
and the Mexican American Glaucoma Genetic Study (MAGGS). All 
study subjects were 40 years of age or older. We estimated individual 
genetic ancestry using the program STRUCTURE. Logistic 
regression analyses were conducted to examine the association 
between genetic ancestry and POAG.
Results: European ancestry was significantly associated with 
lower risk of POAG after adjusting for age, gender, central corneal 
thickness, and intraocular pressure (P = 0.004). This association was 
modified by a significant interaction between European ancestry and 
income (P = 0.007), with individuals in the highest income category 
experiencing the lowest risk of POAG with increasing European 
ancestry.
Conclusions: To our knowledge, our results demonstrate for the 
first time that European ancestry and its interaction with income are 
significantly associated with lower risk of POAG in Latinos.
Commercial Relationships: X. Raymond Gao, None; 
Drew Nannini, None; Mina Torres, None; Rohit Varma, None
Support: NIH Grant R01EY022651, NIH Grant U10EY011753, 
P30EY001792

Program Number: 184 Poster Board Number: B0128
Presentation Time: 8:30 AM–10:15 AM
Exome-focused Rare and Common Variant Analyses of Ocular 
Traits in a Sardinian Cohort
Roberto Y. Cordero1, 2, Joan E. Bailey-Wilson2, Laura Portas2, 
Federico Murgia2, Mario Pirastu3, Dwight Stambolian4, 
Claire L. Simpson1, 2. 1Genetics, Genomics and Informatics, 
University of Tennessee Health Science Center, Memphis, TN; 
2Computational and Statistical Genomics Branch, National Human 
Genome Research Institute, Baltimore, MD; 3Institute of Population 
Genetics, National Research Council of Italy, Sassari, Italy; 
4Ophthalmology, University of Pennsylvania, Philadelphia, PA.
Purpose: Genomewide association studies (GWAS) have 
concentrated on analyzing common variants in the search for risk 
genes in complex traits. Low frequency SNPs are filtered out during 
quality control because of potential for distortion of commonly 
used test statistics and subsequent inflation of type I error. Newer 
genotyping arrays and comprehensive sequencing efforts have meant 
several methods have been developed for analysis of rarer variants. 
Here we use standard GWAS methods for common variation, 
and compare four methods for analyzing SNPs with minor allele 
frequencies below 5% to an exome-focused association study of 

intra-ocular pressure, corneal curvature radius, central corneal 
thickness and anterior chamber depth.
Methods: 2330 individuals from the Ogliastra Genetic Park cohort 
were genotyped on the Illumina ExomePlus array. For common 
variation we used a mixed-model based association test (EMMAX) 
which models underlying relationships in the cohort. For rare variants 
we compared four classes of test using tools that can account for 
kinship; probabilistic search tool (Variant Annotation, Analysis and 
Search Tool (VAAST2)), burden test (Kernel-Based Adaptive Cluster 
(KBAC)), variance components test (Sequence Kernel Association 
Test (SKAT)) and combined test (Mixed-effects Score Test (MiST)).
Results: Suggestively significant results in common variant analyses 
were found in rs9217 on chromosome 17 for intraocular pressure 
(p=4.65x10-7) in the ZBTB4 gene, rs12711521 on chromosome 
1 in the MASP2 gene and rs121908120 on chromosome 2 in the 
WNT10A gene for central corneal thickness. No variants reached 
suggestive significance for corneal curvature radius or anterior 
chamber depth. Rare variant analyses are ongoing and will be 
compared with common variant analyses when complete.
Conclusions: As the paradigm for analyzing genetic data has 
shifted from genotyping to sequencing, many analysis options exist 
depending on data structure and variant frequency. We analyzed rare 
and common variants in a range of ocular traits using methods that 
leverage different approaches to the data. This allows rare alleles to 
be analyzed without increasing type I error and also takes account of 
directionality of effect. Combining rare and common variant analyses 
will be a valuable approach to many complex eye disorders, where 
much missing heritability remains.
Commercial Relationships: Roberto Y. Cordero, 
None; Joan E. Bailey-Wilson, None; Laura Portas, 
None; Federico Murgia, None; Mario Pirastu, None; 
Dwight Stambolian, None; Claire L. Simpson, None

Program Number: 185 Poster Board Number: B0129
Presentation Time: 8:30 AM–10:15 AM
Expression profiling of extracellular long noncoding RNAs and 
message RNAs in aqueous humor of glaucoma patients
Lili Xie1, Bing Jiang1, Mao Mao2. 1Dep. of Ophthalmology, The 
2nd Xiangya Hospital, Central South University, Changsha, China; 
2Ophthalmology, Univ of California, San Francisco, CA.
Purpose: Long noncoding RNAs (lncRNAs) are emering as 
important regulators in cellular processes and have been showed to 
be involved in the occurance and development of various diseases 
including glaucoma. The aim of this study is to reveal disease-related 
extracellular lncRNAs and message RNAs (mRNAs) in aqueous 
humor (AH) of individual glaucoma patients and to determine 
whether lncRNA-T267384, lncRN-ENST00000607393 and 
lncRN-T342877 can be potential biomakers for glaucoma diagnosis.
Methods: The lncRNA and mRNA expression profiles in 100μl of 
AH from 10 glaucoma patients and 10 age-matched controls (patients 
underwent cataract surgery) were determined through microarray 
analysis. Coding-non-coding gene co-expression networks (CNC 
networks) were drawn based on the correlation analysis between the 
differentially expressed lncRNAs and mRNAs to predict potential 
functions of lncRNAs. Furthermore, expression of lncRNA-T267384, 
lncRNA-ENST00000607393 and lncRNA-T342877 were determined 
through quantitative real-time PCR in AH from 30 glaucoma and 
30 age-matched cataract patients, and in plasma from 30 glaucoma 
patients and 30 healthy controls.
Results: We showed that on average 20653±569.9 lncRNAs 
and 11265±268.3 mRNAs can be detected in each AH sample. 
Among them, 10315 lncRNAs and 6686 mRNAs were detected 
in all glaucoma patients and control subjects. Compared to 
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controls, we found that 4273 lncRNAs and 2783 mRNAs were 
significantly up-regulated, and 2602 lncRNAs and 1617 mRNAs 
were significantly down-regulated. The CNC network analysis 
indicated that lncRNA-T267384, lncRNA-ENST00000607393 
and lncRNA-T342877 might possess similar function to mRNAs 
of ependymin related 1 (EPDR1) and bone morphogenetic 
protein (BMP) that plays important roles in glaucoma. 
Furthermore, expression levels of lncRNA-T267384 and lncRNA-
ENST00000607393 were significantly higher in the AH of glaucoma 
patients (3.43x and 4.34x, respectively) and in their plasma (2.87x 
and 3.21x, respectively) compared to their corresponding controls.
Conclusions: AH is a rich source of lncRNAs that can potentially 
serve as therapeutic targets or diagnostic markers. LncRNA-T267384 
and lncRNA-ENST00000607393 can be potential biomakers for 
glaucoma diagnosis.

Coding-non-coding gene co-expression networks (CNC networks)
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Genetic heritability and associations of Pigmentary Glaucoma
Mark J. Simcoe1, Abhishek Nag1, Ekaterina Yonova1, 
Katie M. Williams1, 2, Bernd Wissinger3, Christopher J. Hammond1, 2, 
Nicole Weisschuh3, Pirro G. Hysi1, 2. 1Department of Twin Research 
and Genetic Epidemiology, St Thomas’ Hospital, King’s College 
London, London, United Kingdom; 2Opthalmology, King’s College 
London, London, United Kingdom; 3Institute for Ophthalmic 
Research, University of Tübingen, Tübingen, Germany.
Purpose: Pigmentary glaucoma (PG) is an important subtype of 
glaucoma, as it affects younger patients which considerably reduces 
the window of opportunity for early detection and treatment. There is 
considerable scope to use biomarkers for risk stratification, but little 
is known about PG molecular causes that would allow estimation of 
individual risk to developing the disease. The purpose of this study 
was to quantitatively estimate the role of heritable factors in PG.
Methods: A total of 227 PG cases (58.7 ± 13.3 years) and 297 
glaucoma-free controls (80.3 ± 4.8 years), all of European origin, 
were recruited for this pilot study. They were genotyped using 
Illumina’s Human Omni Express Exome 8v1-2. SNP heritability 
was calculated using restricted maximum likelihood analysis as 
implemented in the software GCTA. Association of PG with loci 
previously known to affect eye colour was tested. Logistic regression 
models were used to test the association PG and allelic dosage at 
the loci (directly genotyped or imputed on the Haplotype Reference 
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Consortium information), adjusting for sex, age and principal 
components. Similarities in genetic architecture between PG and 
eye colour phenotypes were evaluated using Pearson’s correlation of 
effect sizes.
Results: A SNP genetic heritability estimate of 0.45 was calculated 
for PG, assuming a population prevalence of 0.37%. The effect 
sizes of previous SNPs previously associated with eye colour was 
strongly correlated with effect sizes over PG (ρ=0.61, p=2.7 x 10-05), 
suggesting shared genetic risks between these two phenotypes. These 
SNPs explain 2% of PG variance in our sample (p=0.007). Due to 
the modest power of our pilot sample, no association at a GWAS-
significant level was identified for any of the SNPs, but the strongest 
association for any of the eye pigmentation loci was at the OCA2 
locus (p=0.02). A polygenic risk score weighted on effects over eye 
pigmentation was marginally associated with PG (p=0.06).
Conclusions: PG has a significant genetic basis, likely higher than 
our estimate of SNP heritability, because of genetic variants either not 
captured by SNP arrays or too rare to contribute to estimates in such 
a modestly powered cohort. While our pilot study did not possess 
sufficient power to identify genome wide associations for PG, it 
provided suggestive evidence of a role in PG from genes involved in 
eye pigmentation.
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Genetic Native Ancestry and Clinical Determinants of the  
OCT-Measured Retinal Structure in Latinos
Darryl R. Nousome1, Roberta McKean-Cowdin1, Mina Torres2, 
Xuejuan Jiang2, Amir H. Kashani2, Bruce Burkemper2, Rohit Varma2. 
1Preventive Medicine, University of Southern California, Los 
Angeles, CA; 2Ophthalmology, University of Southern California, 
Los Angeles, CA.
Purpose: We investigated the determinants of the macular thickness 
(MT) and retinal nerve fiber layer (RNFL) thickness in eyes of 
healthy Latinos, considering the effects of genetic global ancestry, 
demographic characteristics, and clinical variables.
Methods: Data were obtained from the Los Angeles Latino Eye 
Study (LALES), a population-based study of eye disease among 
Latinos. OCT was performed on participants during the 8-year follow 
up examination using the Cirrus HD-OCT. Imaging was completed 
using the Optic Disc Cube 200x200 (RNFL) and Macular Cube 
512x128 (MT) protocols. We determined the proportion of Native-
American, European, and African ancestry using ADMIXTURE 
from genotyping from the OmniExpress BeadChip. Participants 
with suspect or known glaucoma or low signal strength (<6) were 
excluded. Associations between RNFL and MT and potential 
covariates were assessed by univariate and multivariate linear 
regression.
Results: OCT scans were available from 2,862 individuals. The 
mean overall RNFL thickness was 92.93±11.90 μm. The overall 
RNFL thickness was associated with age (p<0.0001), BMI (p=0.02), 
waist-to-hip ratio (p=0.02), being diabetic (p=0.005) and diabetic 
with any retinopathy (p=0.02), diastolic blood pressure (p=0.009), 
and axial length (p<0.0001). These same variables were also 
significantly associated with RNFL thickness in the superior and 
inferior quadrants. Only age, axial length, and diabetic severity 
were predictors in the nasal and temporal quadrants. The mean 
overall MT was 291.1±18.53 μm. Gender (p<0.0001), axial length 

(p=0.0009), and proportion of Native-American Ancestry (p=0.001) 
were significantly associated with central subfield MT thickness. 
Both inner and outer MT thickness were associated with gender, axial 
length, diabetic severity, and systolic/diastolic blood pressure (all 
p<0.05) but not ancestry.
Conclusions: This large population-based study provides evidence 
on the relationship between genetic ancestry, demographic and 
clinical characteristics and OCT-derived measures of retinal structure 
in Latinos. Latinos are derived from multiple global populations. 
Therefore, ancestry could explain heritability of the retinal structure, 
specifically MT, and conditions related to its change. Studies utilizing 
OCT should consider effects of clinical determinants and ethnicity in 
imaging and diagnosing optic neuropathies.
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The Amish Eye Study: Baseline Quantitative Ocular 
Characteristics on a Unique Cohort
Jonathan L. Haines1, Nicole Restrepo1, Yeunjoo Song1, Renee Laux1, 
Larry D. Adams2, Denise Fuzzell1, Laura J. Caywood2, 
Violet Horst3, Tine MacKay3, Debbie Dana3, Muneeswar G. Nittala4, 
Srinivas R. Sadda4, 5, William K. Scott2, Dwight Stambolian3, 
Margaret A. Pericak-Vance2. 1Epidemiology and Biostatistics, Case 
Western Reserve University, Cleveland, OH; 2Hussman Institute 
for Human Genomics, University of Miami Miller School of 
Medicine, Miami, FL; 3Ophthalmology and Genetics, University of 
Pennsylvania, Phiiladelphia, PA; 4Doheny Image Reading Center, 
Doheny Eye Institute, Los Angeles, CA; 5Ophthalmology, University 
of California, Los Angeles, CA.
Purpose: To measure and describe the baseline quantitative ocular 
characteristics of an elderly Amish population, which can be used as 
endophenotypes for studies of the architecture of ocular health.
Methods: 1,081 related individuals were recruited from 
Amish families ascertained for early/intermediate AMD in 
Ohio, Pennsylvania, and Indiana. All participants underwent a 
health history and ophthalmologic exam including color fundus 
photography, infrared imaging, and SD-OCT scans. AMD pedigrees 
were ascertained based on diagnosis of ≥ 1 person with AMD. 
Individual eyes (total = 2,122) were graded based on a simplified Age 
Related Eye Disease Study (AREDS) scale of 0-5. Right and left eye 
measures were highly correlated r2=0.79-0.96 [p=0.0001]. Summary 
statistics were generated and one-way ANOVA and two-tailed t-tests 
calculated via Stata 14.
Results: On average participants were in their mid-60’s {mean 
(SD)} [age=65.3 yrs (10.8)] with prehypertension [systolic blood 
pressure (bp)=132 mmHg (19.8); diastolic bp=76.3 (12.0)]. 
Participants overall had a refraction sphere of 0.34 (2.4) diopters 
(D), refraction cylinder of 0.34 (1.1) D, and visual acuity of 20/26.7 
(42.0). Of the 1,081participants, 85.5% had early to no signs of AMD 
(AREDS=0-2) and 14.5% had intermediate/late AMD (AREDS=3, 4, 
& 5). AMD cases were older [age = 73.7 yrs (9.4); p<0.0001], more 
farsighted [refraction sphere=0.71 vs. 0.21 D; p=0.001], and suffered 
a higher degree of presbyopia [added magnifying  
power = 2.69 vs. 2.30; p<0.0001]. Sex did not contribute to 
differences in these traits (p > 0.05) although age modified added 
magnifying power in unaffected participants and for refraction sphere 
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regardless of AMD status (p<0.0001). Additionally, AMD cases 
and unaffected participants did not have appreciable differences in 
intraocular pressure (15.0 vs. 15.6 mmHg) or cup-to-disk ratios  
(0.36 vs. 0.39).
Conclusions: We describe the baseline quantitative ocular traits of 
a multi-state Amish cohort ascertained for AMD. As expected age 
modifies risk of AMD and separately modifies magnifying power and 
refraction sphere. Although sex has been identified as a risk factor 
for AMD in other studies, we did not see an association in this study. 
Refraction traits are known risk factors for myopia but little has been 
done to explore their potential role in AMD. Further studies may help 
tease apart underlying risk factors contributing to complex, ocular 
diseases.
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