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Rare Variant Pathway Analysis in the Age-Related Eye Disease 
Study 2
Alexandra Pietraszkiewicz1, Freekje Van Asten3, 1, Alan Kwong2, 
Rinki Ratnapriya1, Goncalo Abecasis2, Anand Swaroop1, 
Emily Chew3. 1Neurobiology, Neurodegeneration and Repair 
Laboratory, National Eye Institute, NIH, Bethesda, MD; 2Biostatistics 
and Center for Statistical Genetics, University of Michigan, Ann 
Arbor, MI; 3Epidemiology & Clinical Applications, National Eye 
Institute, NIH, Bethesda, MD.
Purpose: AMD is a clinically heterogeneous disease, and GWAS 
studies have implicated a number of biological pathways that 
may underlie the variation in AMD pathogenesis and observed 
phenotypes. Identification of rare variants at risk loci helps to 
determine causative genes. Here, we collapsed rare variants into 
pathways and studied their association to clinical phenotypes in a 
subset of AREDS 2 participants who underwent  
whole-genome-sequencing (WGS) (n=1503).
Methods: Loss of function rare variants (stop-gain, frameshift, 
essential splice site, or start-loss; allele frequency <0.1% in the study 
population) at the 34 known AMD loci were identified from WGS 
data and annotated with VEP build 86 using GRCh37 coordinates 
and RefSeq genes. Genes were grouped into the following pathways 
by searching the NCBI Gene database for functional information 
and validating in Reactome: complement, ECM, lipids, cell survival, 
cell signaling, immune system, visual, and a final category including 
variants of unknown significance. Phenotypes analyzed include 
advanced AMD, geographic atropy (GA), central geographic atrophy 
(CGA), choroidal neovascularization (CNV), drusen area, reticular 
drusen, and calcified drusen.
Results: This study identified rare variants in 15.7% of AREDS 2 
participants, and there was an association between the presence of 
rare variants and late AMD, as measured by increased AREDS scale 
score (p=0.025). The following pathway-phenotype associations were 
observed: complement and CGA (p=0.014; OR=4.218), complement 
and calcified drusen (p=0.02; OR=3.92), cell survival and CNV 
(p=0.045; OR=1.612), ECM and GA (p=0.035; OR=2.459), lipids 
and drusen area (p=0.003), and rare variants in the unknown category 
and late AMD (p=0.023; OR 1.756).
Conclusions: This study supports the hypothesis that variation 
in biological pathways drives the development of heterogeneous 
clinical phenotypes in AMD, similar to results of previous studies 
of complement and GA. Our analysis revealed a novel association 
between the development of CNV and rare variants in the cell 
survival pathway. Surprisingly, we found a protective effect of rare 
variants in the lipids pathway on drusen area. Further studies are 
needed to elucidate the role of rare variants in other pathways.
Commercial Relationships: Alexandra Pietraszkiewicz, None; 
Freekje Van Asten, None; Alan Kwong, None; Rinki Ratnapriya, 
None; Goncalo Abecasis, None; Anand Swaroop, None; 
Emily Chew, None
Support: HHS-N-260-2005-00007-C, N01-EY-5-0007
Clinical Trial: NCT01553474
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Whole-Genome Association Study of Age-Related Macular 
Degeneration in the Israeli Population
Itay Chowers1, Gala Beykin1, Elior Rahmani2, Regev Schweiger2, 
Liran Tiosano1, Samer Khateb1, Shira Levi1, Batya Rinsky1, 
Shai Carmi3, Eran Halperin4, Michelle Grunin1. 1Ophthalmology, 
Hadassah-Hebrew University Medical Center, Jerusalem, 
Israel; 2Molecular Microbiology and Biotechnology, Tel-Aviv 
University, Tel Aviv, Israel; 3Public Health, Hadassah-Hebrew 
University Medical Center, Jerusalem, Israel; 4Computer Science 
and Department of Anesthesiology and Perioperative Medicine, 
University of California, Los Angeles, Los Angeles, CA.
Purpose: The elderly Israeli population is composed of a few 
major ethnic groups (Ashkenazi Jewish, Sephardic Jewish, and 
Arab populations). Each population bares their own susceptibility 
to genetic disorders. We wished to analyze Israeli patients with age-
related macular degeneration (AMD) from variable ethnic origins to 
discover possible risk factors for AMD on a genome wide level.
Methods: DNA was collected from AMD patients (n=403) and 
controls (n=256) from variable ethnic backgrounds in a single 
tertiary center. Demographics, clinical, and imaging parameters 
were retrospectively collected. Genotyping was performed via 
the International AMD Genomics Consortium (IAMDGC) exome 
chip platform, and bioinformatics was performed with PLINK and 
EPACTS. Data was imputed to around 12 million variants, but around 
30% of variants were excluded after quality control (QC). A genome 
wide association study (GWAS) was performed using informative 
principle components, age, and gender as covariates. Variants with 
minor allele frequencies<0.01 were excluded. Variants were clumped 
via P-value and linkage was taken into account. Variants of interest 
were looked at as compared with the IAMDGC results and genetics 
from the Ashkenazi Genome Consortium to exclude ethnic bias. 
Significant P-value threshold for analysis was set at 1x10-3.
Results: A GWAS in the total Israeli population between AMD 
patients and controls indicated verification of significant variants 
previously identified by the IAMDGC in ARMS2/HTRA1 (P<2x10-

9), CFH (P<4x10-10), C3 (P=0.0001), C20orf85 (P=0.0004), 
SLC16A8 (P=0.0007) and SYN3/TIMP3 (P=0.0009). A copy number 
variation in ARMS2/HTRA1 is possibly higher in Ashkenazi AMD 
patients (P=0.001, homozygote n=42/215 cases, n=6/113 controls). 
Comparison between the Ashkenazi and Arab (n=36 cases, 30 
controls) populations shows the top ranking variant known to be 
associated with AMD in the Arab population is in the  
ARMS2/HTRA1 (P=0.0003), while the top ranking variant in the 
Ashkenazi population is CFH gene (P=5x10-9).
Conclusions: We report the first GWAS on the Israeli population 
of AMD patients. Variants already associated with AMD in other 
populations were validated in the Israeli population, albeit with 
differential significance levels between subpopulations.
Commercial Relationships: Itay Chowers, None; Gala Beykin, 
None; Elior Rahmani, None; Regev Schweiger, None; 
Liran Tiosano, None; Samer Khateb, None; Shira Levi, None; 
Batya Rinsky, None; Shai Carmi, None; Eran Halperin, None; 
Michelle Grunin, None
Support: Israel Science Foundation, Donation from Hadassah France
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Contribution of AMD risk variants to the genetic architecture of 
choroidal thickness in the Amish
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, Jonathan L. Haines1. 1Epidemiology & Biostatistics, Case 
Western Reserve University, SHAKER HEIGHTS, OH; 2Hussman 
Institute for Human Genomics, University of Miami Miller School 
of Medicine, Miami, FL; 3Ophthalmology and Genetics, University 
of Pennsylvania, Philadelphia, PA; 4Doheny Image Reading Center, 
Doheny Eye Institute, Los Angeles, CA; 5Ophthalmology, University 
of California, Los Angeles, CA.
Purpose: To understand the role that genetics plays in risk 
and progression of AMD. Parsing AMD into quantitative 
endophenotypes, each with a distinct genetic basis, will improve 
prediction of risk and increase our understanding of the genetic 
architecture of AMD. Here we assess the contribution that known 
AMD risk SNPs contribute to the genetics of choroidal thickness 
(CT) in an Amish cohort.
Methods: We sampled 579 related individuals from Amish families 
with early/intermediate AMD cases in Pennsylvania, Ohio, and 
Indiana. Individuals underwent a health history and ophthalmologic 
exam including color fundus photography and SD-OCT scans. 
Individuals were genotyped for 52 known AMD risk-associated 
SNPs. We performed a genetic association study of individuals 
from AMD pedigrees ascertained because at least one individual 
was diagnosed with AMD. CT was treated as both a continuous and 
a dichotomous trait (thin vs. normal). Tests were performed with 
R-Package “GWAF” assuming an additive genetic model and a Wald 
chi-square test for right, left, and mean eye measures. Continuous 
CT was analyzed under a Generalized Linear Mixed Effects model 
(GLMM) and dichotomous CT under Generalized Estimating 
Equations (GEE) model.
Results: Of the SNPs tested, two were consistently identified 
across statistical algorithms and across models. Rs1142 on chr. 7 is 
located in the 3’ UTR of the SRSF protein kinase 2 (SRPK2) gene. 
When considering CT as a dichotomous trait, rs1142 is statistically 
significant (p < 0.001) across GLMM and GEE regardless of AMD 
status. Modeling CT as a continuous trait, rs1142 is significant 
(p =0.005) only after excluding AMD cases from the pedigrees. 
Rs2230199 is a missense variant in complement component 3 (C3) 
and is significantly associated with CT as a dichotomous trait under 
the GEE model and with nominal associations in GLMM (p < 0.05).
Conclusions: The association of a known AMD-risk variant in C3 
with CT suggests that the CT endophenotype shares pathophysiology 
with AMD. Additionally, variants in C3 (i.e., rs2241394) are 
associated with risk of polypoidal choroidal vasculopathy, which 
shares characteristics of wet AMD, in the Japanese. The association 
of C3 rs2230199 in CT of the Amish may highlight a stronger role of 
C3 in overall choroidal health.
Commercial Relationships: Nicole Restrepo, None; Yeunjoo Song, 
None; Renee Laux, None; Larry D. Adams, None; Denise Fuzzell, 
None; Laura J. Caywood, None; Violet Horst, None; 
Tine MacKay, None; Debbie Dana, None; Muneeswar G. Nittala, 
None; Srinivas R. Sadda, None; William K. Scott, None; 
Dwight Stambolian, None; Margaret A. Pericak-Vance, None; 
Jonathan L. Haines, None
Support: NCI: Computational Genomic Epidemiology of Cancer 
Fellowship R25T CA094186
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Genome Wide Association Analysis for Sub Retinal Drusenoid 
Deposits
Gala Beykin, Michelle Grunin, Shira Levi, Batya Rinsky, 
Sarah Elbaz-Hayoun, Itay Chowers. Ophthalmology, Hadassah-
Hebrew University Medical Center, Jerusalem, Israel.
Purpose: Sub retinal drusenoid deposits (SRDD) are associated with 
age related macular degeneration (AMD). Limited data is available 
with respect to the genetic factors which are associated with this 
phenotype. We aimed to gain additional insight into the genetics of 
SRDD in AMD.
Methods: 155 AMD patients, which were recruited at a single 
tertiary referral center, and that underwent genotyping using an 
exome-chip technique as part of the International AMD Genomic 
Consortium (IAMDGC) project, participated in this study. ~250K 
variants were genotyped and imputed to ~12 million variants by the 
IAMDGC. All 155 patients had available spectral domain optical 
coherence tomography (SD-OCT) and Infrared Reflectance (IR) 
images. SD-OCT sections and IR images were evaluated for the 
presence of SRDD by an observer who was masked to the genetic 
findings. After quality control and exclusion of variants with a minor 
allele frequency less than 0.05, 8,892,303 variants were analyzed 
via the bioinformatics software PLINK and epacts, including 
informative principle components, gender and age as covariates 
analysis. Logistic regression was performed in an unbiased approach, 
as well as a biased approach via regression and single variant testing, 
investigating 17,450 variants in the 34 loci known to be associated 
with AMD.
Results: 68 of the 155 patients had SRDD, seen both in OCT 
and IR [C1] in at least one eye. Variants were compared between 
AMD patients with or without SRDD via an unbiased analysis. 
Top hitting variants in this analysis approached a significance level 
of P≤0.00003; none of these significant variants was known to be 
associated with a risk locus for AMD. Via a biased approach on 34 
known AMD loci, 11/34 loci had P<0.05 associated with SRDD in 
AMD compared with AMD without SRDD. The top association was 
found for SNPs in the CFH locus (P=0.0002, OR=0.31, 95%  
CI[0.17-0.58]), ABCA1 (P=0.0004, OR=5.4, 95% CI[2.11-14.01]), 
and in HTRA1 (P=0.001, OR=0.31, 95%CI[0.14-0.64]).
Conclusions: The presence of SRDD in AMD patients may be 
associated with novel genetic risk variants and/or with variants 
that were previously associated with the risk for having AMD. It 
remains to be seen if these loci are also associated with SRDD in 
other populations, and if they are related to the pathogenesis of this 
phenotype.
Commercial Relationships: Gala Beykin; Michelle Grunin, None; 
Shira Levi, None; Batya Rinsky, None; Sarah Elbaz-Hayoun, 
None; Itay Chowers, None
Support: Israel Science Foundation

Program Number: 1837 Poster Board Number: B0280
Presentation Time: 11:00 AM–12:45 PM
Frequency of the C3 Gly102 risk variant is higher in AMD 
patients with Geographic Atrophy compared to patients with 
Vascular Pigment Epithelial Detachment
Clement K. Chan1, 2, Prema Abraham3, Andre D. Hafner3, 
Lorah T. Perlee4. 1Southern California Desert Retina Consultants, 
Palm Desert, CA; 2Ophthalmology, Loma Linda Eye Institute, Loma 
Linda University, Loma Linda, CA; 3Retina, Black Hills Regional 
Eye Institute, Rapid City, SD; 4Clinical Sciences, Ophthalmology, 
Regeneron, Tarrytown, NY.
Purpose: 
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To compare the genetic profiles of patients with different phenotypes 
of AMD, including bilateral geographic atrophy (GA), vascularized 
pigment epithelial detachment (vPED) or type-1 CNV, and  
type-2 exudative AMD (Type 2 CNV) to determine if certain genetic 
variants are more associated with different clinical phenotypes of 
advanced AMD
Methods: 
Case control study of Caucasian subjects over 50 years of age were 
phenotyped on the basis of clinical data and assigned to one of three 
cohorts: neovascular AMD (CNV), vascularized pigment epithelial 
detachment (vPED) or Geographic Atrophy (GA). Buccal mucosal 
swabs from each subject were genotyped with a panel of 12 AMD 
associated SNPs using a matrix-assisted laser desorption ionization-
time of flight mass spectrometry based system, at the Sequenom 
Center for Molecular Medicine. SNP frequencies were calculated 
in each group and allelic odds ratios (ORs) were evaluated for 
significance using Fisher’s exact test.
Results: 
Genotype analysis was performed on 53 eyes with GA, 50 eyes with 
Type-1 CNV, and 51 eyes with Type-2 CNV. Baseline characteristics 
(age, gender, right eye versus left eye, age, and baseline visual acuity) 
of the three study groups were well-balanced. Higher frequency of 
the C3 risk variant rs2230199 (Arg102Gly) was observed in the GA 
population compared to vPED group (p value 0.04).
Conclusions: Genetic variants identified in the complement pathway 
have been implicated in the pathogenesis of many inflammatory 
diseases. The C3 Gly102 AMD variant has previously been found 
to be more associated with GA than with CNV (Reynolds 2009) 
with serum levels of the cleavage component C3a higher in GA 
patients compared to age- matched controls. C3a binds to the C3a 
receptor and plays a large role in immune response. The findings 
from this small study suggest certain genetic variants associated with 
inflammation might be more associated with GA compared to vPED 
and CNV. The conclusion of this exploratory study needs further 
confirmation through more studies with larger sample sizes and 
correction for multiplicity testing.
Commercial Relationships: Clement K. Chan; Prema Abraham, 
Regeneron (F), ThromboGenics (F), Allergan (F), Lexitas (F), 
Ophthotec (F), Alcon (F), Roche-Genentech (F), Johnson and 
Johnson (F), Apellis (F), OHR Pharmaceuticals (F), Janssen 
Research and Development LLC (F); Andre D. Hafner, None; 
Lorah T. Perlee, Regeneron (E)
Support: No monetary grant support was received. But Sequenom 
provided support for genetic testing kits and also free laboratory 
analysis of the genetic samples
Clinical Trial: SQNM-AMD-109
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Genetics of large pigment epithelial detachment in neovascular 
age related macular degeneration highlights the role of 
Complement alternative pathway in this particular phenotype
Alexandra Mouallem3, Rocio Blanco-Garavito3, Florence Richard1, 
Camille JUNG2, Eric H SOUIED3. 1INSERM774, Université de Lille 
Nord de France, INSERM774 Institut Pasteur de Lille, Lille, France; 
2Centre de recherche Clinique-Centre de Ressources Biologiques, 
Hopital Intercommunal de Creteil, Créteil, France; 3Ophthalmology 
department, Hopital Intercommunal de Creteil, Creteil, France.
Purpose: To analyze the genetics of variants of patients presenting 
large neovascular pigment epithelium detachment (PED) resistant 
to ranibizumab in neovascular age related macular degeneration 
(nAMD) through a genetic association study.

Methods: Sixty eight patients presenting a large pigment epithelium 
detachment resistant to ranibizumab (the ARI2 study) are compared 
to 300 patients presenting unilateral nAMD (the NAT2 study), 1229 
patients with exudative nAMD and 444 controls derived from two 
prospective clinical studies previously published that took place in 
Hopital Intercommunal de Creteil. nAMD groups were based on 
visual acuity measurement, fundus examination, treatment response, 
Spectral Domain Optical Coherence Tomography (SD-OCT) and 
angiographic data. All samples were genotyped for five single-
nucleotide polymorphisms (SNPs) in genes previously associated 
with AMD: CFH (rs1061170), ARMS2 (rs10490924), C3(rs2230199) 
and APOE(rs429358 and rs7412). Significant difference in allele 
frequency between participants with nAMD and control is the main 
outcome criteria.
Results: The frequency of the C allele of CFH rs1061170 was 
significantly higher in the large vascular PED group than in the 
control group (0.66 vs 0.38, Chi2= 37.23 ; p = 1.01e-09) with an 
increased frequency in the large neovascular PED group compared to 
the unilateral nAMD group (0.66 vs 0.55; Chi2 = 5.21;  
p value = 0,02) and to the other nAMD group (0.66 vs 0.52; 
Chi2 =9.39, p value =0.002). The frequency of the G allele of C3 
rs2230199 was also significantly higher compared to the control 
group (0.74 vs 0.18; Chi2 =177.85 ; p < 2.2e-16), to the unilateral 
nAMD group (0.74 vs 0.25; Chi2=111.59 p<2.2e-16) and to the 
other nAMD group (0.74 vs 0.25; Chi2= 147.65 p< 2.2e-16). The 
frequency of the T allele of ARMS2 rs10490924 was significantly 
higher in the large PED group than in the control group (0.50 vs 0.22; 
Chi2=49.447; p value= 2.03e-12) but no difference was found with 
other nAMD groups.
Conclusions: The C allele of CFH rs1061170 and the G allele of 
C3 rs2230199, known as susceptibility risk alleles of AMD, are 
associated to the particular phenotype of large neovascular PED 
resistant to ranibizumab. Other prospective genetic studies should 
analyze the role of other Complement alternative pathway factors.
Commercial Relationships: Alexandra Mouallem, None; 
Rocio Blanco-Garavito, None; Florence Richard, None; 
Camille JUNG, None; Eric H SOUIED, None
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Impact of protective variants in PELI3 and near CTRB1 
on progression to advanced stages of age-related macular 
degeneration and genetic risk prediction models
Johanna M. Seddon1, 2, Rachel E. Silver2, Bernard Rosner3. 
1Department of Ophthalmology, Tufts University School of Medicine, 
Boston, MA; 2Ophthalmic Epidemiology and Genetics Service, 
Tufts Medical Center, Boston, MA; 3Channing Division of Network 
Medicine, Harvard Medical School, Boston, MA.
Purpose: Our research team recently discovered protective variants 
in a genetic association study of age-related macular degeneration 
(AMD) including 4,332 cases and 25,268 controls (Yu Y et al. Hum 
Molec Genet 2016). In this study, we prospectively evaluated the 
association between new genetic variants in PELI3 and near CTRB1 
and transition to advanced stages of AMD, and incorporated these 
loci into our previous prediction models (Seddon JM et al. Invest 
Ophthalmol Vis Sci 2009; Seddon JM et al. Invest Ophthalmol Vis Sci 
2015).
Methods: Among 2,906 participants in the Age-Related Eye Disease 
Study, 828 progressed from no AMD, early AMD, or intermediate 
AMD to advanced disease, classified as geographic atrophy or 
neovascular disease. The mean follow-up time was 8.8 years. Novel 
genetic variants were assessed for independent associations with 
progression, and survival analysis was used to evaluate multivariate 
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associations between these loci and incident advanced AMD. An age-
adjusted area under the curve statistic (AUC) was calculated.
Results: Protective variants in PELI3 (P=0.035) and CTRB1 (P 
trend<0.0001) were both risk factors for progression to advanced 
AMD. After adjustment for demographic, behavioral, ocular, and 
known genetic factors, there was a significant association between 
PELI3 and progression (hazard ratio [TC vs. CC]: 0.22; 95% 
confidence interval: 0.06-0.89; P=0.03). For CTRB1, a protective 
association was suggested per effective allele in the multivariate 
model (hazard ratio: 0.88; 95% CI: 0.72-1.07), but this result was not 
statistically significant. Other genetic predictors included 5 common 
and rare variants in CFH and C3 as well as 5 variants in  
ARMS2/HTRA1, CFB, C2, COL8A1, and RAD51B. The AUC for 
progression to advanced AMD for this 12 genetic loci model over 10 
years was 0.91.
Conclusions: Models that include risk and protective genetic 
variants, environmental factors, and macular phenotypes strongly 
predict disease severity and progression. Our models can facilitate 
clinical research through the selection of high risk patients for clinical 
trials, reduction in sample sizes and follow-up time, and lower costs. 
Such models may play a role in disease management and selection of 
therapies, and aid in the prevention of visual loss in the evolving era 
of precision medicine.
Commercial Relationships: Johanna M. Seddon, Apellis (C), 
Novartis (F); Rachel E. Silver, None; Bernard Rosner, None
Support: JMS: R01-EY011309 from the National Institutes of 
Health; the Massachusetts Lions Eye Research Fund Inc., New 
Bedford, MA; and the Age-Related Macular Degeneration Research 
Fund, Ophthalmic Epidemiology and Genetics Service, Tufts Medical 
Center, Tufts University School of Medicine, Boston, MA.; BR:  
R01-EY022445 from the National Institutes of Health.
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Identification of a Novel Variant Associated with anti-VEGF 
Response in Age-related Macular Degeneration Using Exome 
Chip Analysis
Michelle Grunin1, Laura Lorés-Motta7, Moeen Riaz3, 8, 
Jordi Corominas2, Andrea J. Richardson3, 8, Sascha Fauser4, 
Robyn H. Guymer3, 8, Eiko de Jong7, Iris M. Heid9, Carel C. Hoyng7, 
Andrew J. Lotery5, Paul Mitchell6, Paul N. Baird3, 8, Anneke I. Den 
Hollander7, 2, Itay Chowers1. 1Ophthalmology, Hadassah-Hebrew 
University Medical Center, Jerusalem, Israel; 2Human Genetics, 
Radboud university medical centre, Nijmegen, Netherlands; 
3Centre for Eye Research Australia, Royal Victorian Eye and 
Ear Hospital, East Melbourne, VIC, Australia; 4Ophthalmology, 
University Hospital of Cologne, Cologne, Germany; 5Clinical 
and Experimental Sciences, Faculty of Medicine, University of 
Southampton, Southampton, United Kingdom; 6Centre for Vision 
Research, Department of Ophthalmology and Westmead Millennium 
Institute for Medical Research, University of Sydney, Sydney, NSW, 
Australia; 7Ophthalmology, Donders Institute for Brain, Cognition 
and Behaviour, Radboud university medical centre, Nijmegen, 
Netherlands; 8Ophthalmology, Department of Surgery, University 
of Melbourne, Melbourne, VIC, Australia; 9Genetic Epidemiology, 
University of Regensburg, Regensburg, Germany.
Purpose: The current treatment for neovascular age-related macular 
degeneration (nvAMD) is by intravitreal injection of anti-vascular 
endothelial growth factor (anti-VEGF) agents, however, a variable 
treatment outcome has been reported. We aimed to investigate 
pharmacogenetic associations that may underlie such a differential 
response.

Methods: The discovery cohort consisted of 678 anti-VEGF treated 
nvAMD patients (>50 years of age) from 5 different clinics. Patients 
were identified through the International AMD Genomics Consortium 
(IAMDGC) and genotyped with a custom exome chip. The main 
outcome measure was change in visual acuity at 3 months of anti-
VEGF treatment (deltaVA). After imputation and quality control, 
variants with a minor allele frequency ≥0.05 were selected for the 
analysis. In each cohort, a linear model was performed, adjusted 
for the first two ancestry principle components, baseline VA and 
age using EPACTS software, and followed by a meta-analysis on 
METAL software. Among the top associated variants (p-value <10-5) 
6 independant variants were genotyped in 844 patients from five 
independent cohorts using either KASp or iplex genotyping platform. 
Finally, a meta-analysis of the top six variants was performed on 
1522 patients from 10 cohorts (discovery and replication).
Results: A total of 6,089,769 variants were included in the analysis, 
and six loci showed a suggestive association with deltaVA at the 
3 month time point in all five discovery cohorts (p<1x10-5). After 
replication of the selected variants, and subsequent meta-analysis of 
the 10 cohorts (discovery+replication), the top signal which showed 
consistent association with visual outcome was identified in a locus 
in and near a chaperonin gene on chromosome 1 (p-value=1.8x10-6, 
effect= -0.0454±0.0095).
Conclusions: For the first time, we performed a multi-center, large 
cohort pharmacogenetic GWAS on anti-VEGF treated nvAMD 
patients. A locus including a chaperonin gene was associated with 
change in VA following anti-VEGF treatment in nvAMD patients. 
The results of this study may be potentially used in prediction models 
for treatment response in nvAMD, and to stratify patients for the best 
therapeutic option.
Commercial Relationships: Michelle Grunin, None; 
Laura Lorés-Motta, None; Moeen Riaz, None; Jordi Corominas, 
None; Andrea J. Richardson, None; Sascha Fauser, None; 
Robyn H. Guymer, None; Eiko de Jong, None; Iris M. Heid, None; 
Carel C. Hoyng, None; Andrew J. Lotery, None; Paul Mitchell, 
None; Paul N. Baird, None; Anneke I. Den Hollander, None; 
Itay Chowers, None
Support: Israel Science Foundation
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Forward genetics: searching for novel genes essential to retinal 
development and function
Bogale Aredo1, Yi Ding1, Xin Zhong2, Cynthia X. Wang1, 
Bruce Beutler3, Rafael Ufret-Vincenty1. 1Ophthalmology, UT 
Southwestern Medical Center, Dallas, TX; 2Ophthalmology, The First 
Affiliated Hospital of Guangxi Medical University, Nanning, China; 
3Center for the Genetics of Host Defense, UT Southwestern Medical 
Center, Dallas, TX.
Purpose: Our aim is to identify novel genes associated to retinal 
development and function, using a novel and powerful forward 
genetics approach. This approach relies on generating random 
mutations and identifying mice expressing strong phenotypes in order 
to establish gene-phenotype associations.
Methods: A large number of mice with random mutations were 
generated in collaboration with Dr. Bruce Beutler’s laboratory, 
using N-ethyl-N-nitrosourea (ENU)-induced mutagenesis and 
a special breeding protocol. Whole exome sequencing of G1 
progenitors allows for the identification of all possible mutations. 
Then their zygosity is established in G2/G3 mice before phenotypic 
assessment. We examine mice at around 6 months of age by fundus 
photography and OCT using a Micron IV system (Phoenix Research 
Laboratories, Pleasanton, CA). Our findings are then analyzed by 
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a powerful software (Linkage Analyzer) that allows us to establish 
gene-phenotype associations almost immediately after phenotyping. 
Parameters that were analyzed included: total retinal thickness, 
outer retinal thickness, outer nuclear layer thickness, yellow fundus 
spots, chorioretinal lesions, retinal vasculature anomalies and retinal 
detachment.
Results: We will present data from our results having examined 
over 1000 mice. Preliminary results showed 27 gene-phenotype 
associations in the initial 600 mice. Strong gene-phenotype 
associations were identified for all the quantitative OCT parameters. 
Associations were also identified for some of the qualitative 
parameters, including chorioretinal lesions and yellow fundus spots. 
Some of the identified gene-phenotype associations have been 
described in the literature, providing confirmation of the validity of 
our approach.
Conclusions: This forward genetics approach is allowing us to 
identify novel genes associated with retinal development, function 
and disease. In the future, we plan to further characterize the effects 
of some of the most interesting genes by generating Crispr/Cas9 
mutated mice. We also hope to use these techniques to identify genes 
important in the response to retinal oxidative stress in an unbiased 
manner.
Commercial Relationships: Bogale Aredo, None; Yi Ding, None; 
Xin Zhong, None; Cynthia X. Wang, None; Bruce Beutler, None; 
Rafael Ufret-Vincenty, None
Support: NIH Grant 1R01EY022652, Department Core NEI grant 
EY020799, Research to Prevent Blindness, the Patricia and Col. 
William Massad Retina Research Fund, and a grant from the David 
M. Crowley Foundation.

Program Number: 1842 Poster Board Number: B0285
Presentation Time: 11:00 AM–12:45 PM
Mutations in MERTK are not associated with age-related macular 
degeneration
Hasenin Al-khersan1, Alan Kwong2, Michael A. Grassi3, 4. 1Pritzker 
School of Medicine, University of Chicago, Chicago, IL; 2Center for 
Statistical Genetics, The University of Michigan, Ann Arbor, MI; 
3Grassi Retina, Naperville, IL; 4Department of Ophthalmology and 
Visual Sciences, University of Illinois at Chicago, Chicago, IL.
Purpose: While genome-wide association studies have begun to 
elucidate the genetic basis of age-related macular degeneration 
(AMD), full understanding of the pathology of AMD is complicated 
by the heterogeneous character of the disease. Thus, further 
identification of genetic associations in AMD will advance our 
understanding of disease pathology and therapeutic targets. Mutations 
in the MER Tyrosine Kinase (MERTK) gene cause an accumulation of 
debris in the subretinal space and have been implicated in autosomal 
recessive retinitis pigmentosa (RP). We identified an RP family 
with a novel nonsense MERTK mutation. Compound heterozygous 
members of this family with two pathogenic MERTK variants have 
RP. Interestingly, an obligate heterozygous carrier in this family with 
only the novel nonsense mutation had AMD. Hence, in this study we 
hypothesized that pathogenic heterozygous variations in MERTK may 
predispose to AMD.
Methods: Whole-genome sequence data from 4,869 age- and sex-
matched case-control samples from the University of Michigan 
Kellogg Eye Center, the AREDS and AREDS2 studies from the 
National Eye Institute, the University of Pennsylvania, and the 
Michigan Biobank were queried for MERTK variants. After filtering 
for contamination, non-European ancestry, genotype mismatch, 
technical duplicates, and disease criteria, the final data set contained 
4,787 samples: 2,394 Large Drusen, Geographic Atrophy (GA), 
Choroidal Neovascularization (CNV), and Mixed GA/CNV cases, 

and 2,393 controls. SNPs and indels were called with GotCloud and 
variants annotated using Variant Effect Predictor (VEP) build 84.
Results: An average depth of 6x coverage was achieved in the 
whole-genome data set. In the sequenced data, 2,062 variants 
were annotated in MERTK: 2,014 non-coding, 14 synonymous, 
33 missense, and 1 splice donor (rs371956016, c.2189+1G>T). 
No nonsense mutations were identified. Of the identified genetic 
variation in MERTK only the splice donor variant was predicted to be 
a ClinVar pathogenic variant. However, this variant was called only 
in one control and in none of the cases.
Conclusions: Though mutations in MERTK have been associated 
with RP, the present study suggests that mutations in MERTK do not 
cause AMD.
Commercial Relationships: Hasenin Al-khersan, None; 
Alan Kwong, None; Michael A. Grassi, None
Support: NEI grant EY001792, Research to Prevent Blindness 
(departmental support)
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Methylation profiles in age-related macular degeneration
Elisa van Leeuwen1, Johanna Maria Colijn1, Andre G. Uitterlinden2, 3, 
Joyce van Meurs3, Albert Hofman2, Johannes R. Vingerling4, 
Caroline Klaver1, 5. 1Department of Ophthalmology and 
Epidemiology, Erasmus MC, Rotterdam, Netherlands; 2Department of 
Epidemiology, Erasmus MC, Rotterdam, Netherlands; 3Department 
of Internal Medicine, Erasmus MC, Rotterdam, Netherlands; 
4Department of Ophthalmology, Erasmus MC, Rotterdam, 
Netherlands; 5Department of Ophthalmology, Radboud Medical 
Center, Nijmegen, Netherlands.
Purpose: Genome-wide association studies (GWAS) have 
successfully identified loci associated with age-related macular 
degeneration (AMD), however, only 27.2% of the disease variability 
is explained by the 52 variants discovered in the latest and largest 
GWAS. These variants function within pathways that lead to 
AMD, however not all pathways involved in AMD are known. We 
investigated whether DNA methylation is associated with AMD and 
to discover more implicated pathways in the disease process.
Methods: Using the Illumina Human Methylation 450K array 
platform, we assessed the DNA methylation levels of 419,938 CpG 
sites in whole blood across 1,472 individuals of the Rotterdam 
Study (RS) I, RS-II and RS-III. We performed an epigenomic wide 
association study (EWAS) in individuals with AMD versus non-
affected 60+ year old controls adjusting for age and gender.
Results: A total of 594 individuals with AMD and 448 controls 
were available for this analysis. No methylated sites were 
epigenome-wide significant (p-value<1.00x10-7), but 2 were 
suggestive (p-value<1.00x10-5). We did not found any significant 
methylated sites in any of the genes that have been identified before 
in association with AMD. The lowest P-value was observed for a 
methylated probe within the LRAT gene (p-value=7.56x10-7), a gene 
implicated in Leber’s congenital amaurosis. The top ten methylated 
sites were in genes which are expressed in the retina.
Conclusions: Our data suggest that methylation may play a role 
in AMD and that epigenetic analyses may reveal new pathways. 
This hypothesis generating exercise has shown that the association 
between DNA methylation and AMD should be investigated and 
therefore larger data sets of methylation profiles, especially in retina 
samples are needed to draw more profound conclusions.
Commercial Relationships: Elisa van Leeuwen, None; Johanna 
Maria Colijn, None; Andre G. Uitterlinden, None; Joyce van 
Meurs, None; Albert Hofman, None; Johannes R. Vingerling, 
None; Caroline Klaver, None
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Presentation Time: 11:00 AM–12:45 PM
Transcriptional and DNA methylation changes during aging in 
rod photoreceptors
Ximena Corso Diaz1, Freekje Van Asten1, Tiziana Cogliati1, 
Jennifer J. Barb2, Norimoto Gotoh1, Matthew Brooks1, 
Anand Swaroop1. 1NNRL, National Eye Institute, NIH, Bethesda, 
MD; 2Mathematical and Statistical Computing Laboratory, Center for 
Information Technology, NIH, Bethesda, MD.
Purpose: The contribution of DNA methylation changes during 
aging to functional decline and disease is poorly understood. To 
unravel the mechanistic relationship between age-specific DNA 
methylation changes and disease in the retina, a correlation between 
DNA methylation and gene expression in individual retinal cell-types 
is necessary. Here, we aim to study the transcriptional and DNA 
methylation changes in rod photoreceptors during aging and the 
nature of their correlation.
Methods: RNA and DNA were isolated from flow-sorted rod 
photoreceptors collected from male mice at four time-points: 
3M, 12M, 18M and 24M (N=3). RNA-Seq was used to study the 
transcriptional landscape during aging. A bioinformatics pipeline 
was implemented to assess changes in gene expression. A list of 
differentially expressed genes was compiled using 20% FDR cut-off, 
and validated by RT-PCR. Whole-genome bisulfite sequencing (>10X 
coverage) was performed to assess DNA methylation levels followed 
by computational analysis.
Results: Changes in the expression of genes involved in 
mitochondrial oxidative metabolism, protein degradation and 
pathways converging on Stat3-dependent signaling were observed 
in isolated rods during aging. Similar levels of global methylation, 
including high levels of methylation in the non-CpG context, were 
observed in all ages. Twenty-four month old rods exhibited high 
variability in their methylation pattern with several genes displaying 
differentially methylated regions compared to three-month-old rods. 
We are currently pursuing a comprehensive analysis of differentially 
methylated regions in the CpG and non-CpG context for all ages and 
their correlation with transcriptional changes.
Conclusions: This study unravels candidate mechanisms of 
photoreceptor aging and will shed light into the functional 
consequences of age-dependent DNA methylation changes in rods.
Commercial Relationships: Ximena Corso Diaz, None; 
Freekje Van Asten, None; Tiziana Cogliati, None; 
Jennifer J. Barb, None; Norimoto Gotoh, None; Matthew Brooks, 
None; Anand Swaroop, None
Support: National Eye Institute Intramural Research Program
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Differences in epigenetic age of ocular tissue and the implications 
for eye disease
Alex W. Hewitt1, 2, Vikrant Singh3, Vania Januar3, Alexandra Sexton-
Oates3, Jamie E. Craig4, Richard Saffery3. 1Department of 
Ophthalmology, Centre for Eye Research Australia, Sandy Bay, TAS, 
Australia; 2Menzies Institute for Medical Research, University of 
Tasmania, Hobart, TAS, Australia; 3Cancer and Disease Epigenetics, 
Murdoch Childrens Research Institute, Melbourne, VIC, Australia; 
4Department of Ophthalmology, Flinders University of South 
Australia, Adelaide, SA, Australia.
Purpose: A distinct methylation signature has recently been found 
to tightly correlate with biological age, and accelerated epigenetic 
ageing has subsequently been implicated in disease. The aim of this 
work was to determine the epigenetic age of discrete ocular tissue 
and whole blood from individuals.

Methods: This study was approved by the human research ethics 
committee of the University of the Western Australia (RA/4/1/4805). 
Whole blood from the subclavian vein and whole eyes was obtained 
post-mortem. Specimens were taken from the eight donors (all male) 
with no known ophthalmic disease. Dissected ocular tissue was 
stored in QIAGEN Allprotect Tissue Reagent (QIAGEN, Hiden, 
Germany) and DNA extraction was subsequently performed using 
the QIAGEN DNeasy Blood & Tissue Kit (QIAGEN). Following 
bisulfite conversion using the Methyleasy bisulfite modification kit, 
samples were hybridized to Illumina Infinium HumanMethylation450 
(Illumina Inc, San Diego, CA, USA) BeadChips (HM450K) 
according to the manufacturer’s protocols. Beta values were 
extracted using the minfi package in R. Following pre-processing 
and normalization DNA methylation age was calculated using the 
algorithms as described by Horvath (Genome Biol, 2013. 14: p. 
R115)
Results: Specimens from eight males, who had a mean (SD) 
chronological age of 60.6 (11.3) years, were collected and processed. 
A linear relationship between the DNA methylation age and 
chronological age in blood and ocular tissues was identified  
(r2= 0.37; p=0.048). The epigenetic age of blood samples were 
found to have the closest correlation to chronological age across 
all subjects, whilst the neurosensory retina was found to differ the 
most, with a mean DNA methylation age across individulas of only 
16.1 years (r2=0.93, p<0.001). The DNA methylation age of the 
RPE/Choroid and optic nerve were also found to differ from the 
chronological age of subjects. Medical comorbidities, preservation 
interval time or cause of mortality did not appear to influence or 
account for the difference in epigenetic and chronological age across 
tissues.
Conclusions: Overall we identified clear differences between 
the chronological and epigenetic age of ocular tissue. Although 
the biological reason underlying this observation is not known, 
our findings may have important implications for age-related eye 
diseases, which may manifest in part due to an accelerated epigenetic 
ageing.

Commercial Relationships: Alex W. Hewitt, None; Vikrant Singh, 
None; Vania Januar, None; Alexandra Sexton-Oates, None; 
Jamie E. Craig, None; Richard Saffery, None
Support: NHMRC
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Epigenetic modifications and regulation of matrix 
metalloproteinase-9 in the development of diabetic retinopathy
Arul Joseph Duraisamy, Renu A. Kowluru. Kresge Eye Institute, 
Wayne State University School of Medicine, Detroit, MI.
Purpose: Matrix metalloproteinase-9 (MMP-9) is activated in 
the retina in diabetes, and translocates into the mitochondria, 
damaging their membranes and accelerating capillary cell apoptosis. 
MMP-9 expression is regulated by DNA/histone modifications 
in the promoter sequence that controls activator protein -1 
(AP-1) transcription factor binding. Dynamic balance between 
methyltransferase, Ezh2, and demethylase, KDM6B, regulates methyl 
modifications at the lysine 27 of histone 3 (H3K27), which, in  
di- and tri-methylated form, represses gene expression, but in mono-
methylated form, it could activate the transcription. The present study 
aims to elucidate the role of H3K27 methylation in retinal MMP-9 
transcriptional activation in diabetes.
Methods: Retinal microvessels were prepared by osmotic shock 
method from rats maintained diabetic (streptozotocin-induced) for 
2 months. Lysine methylation of H3K27- (me1, me2 and me3), and 
also the recruitments of Ezh2 and KDM6B, at AP-1 region of MMP-
9 promoter were analyzed in the crosslinked retinal microvessels 
by chromatin immunoprecipitation using antibodies specific for 
H3K27me1, H3K27me2, H3K27me3, Ezh2 and KDM6B.
Results: Compared to the retinal microvessels from age-matched 
normal rats, microvessels from diabetic rats had increased 
H3K27me2 and H3K27me3 at the AP-1 binding region of the MMP-
9 promoter, but H3K27me1 levels were similar in these two groups. 
Interestingly, at the same AP-1 region, the binding of Ezh2, and that 
of KDM6B, were also elevated.
Conclusions: Although diabetes increases the binding of 
demethylase, KDM6B, at AP-1 region of the MMP-9 promoter, 
concomitant increased binding of methyltransferase, Ezh2, at 
same site, maintains higher levels of H3K27me3/me2. Thus, 
demethylation of H3K27me2/me3 by KDM6B might not be efficient, 
and instead, diabetes could also be facilitating recruitment of other 
histone modifying enzymes at the MMP-9 promoter to increase its 
transcription.
Commercial Relationships: Arul Joseph Duraisamy, None; 
Renu A. Kowluru, None
Support: R01-EY014370, R01-EY017313, and R01-EY022230

Program Number: 1847 Poster Board Number: B0290
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Genetic variations in coding region of vascular endothelial 
growth factor (VEGF) and risk of diabetic retinopathy: A 
primary case-control study
Dhara Jajal1, Abhishek Panchani2, Kiran Kalia2, 1. 1Department of 
Biosciences, Sardar Patel Univeristy, Vallabh vidyanagar, India; 
2National Institute of Pharmaceutical Education & Research (NIPER 
- Ahmedabad), Gandhinagar, India.
Purpose: Vascular Endothelial Growth Factor (VEGF) is the key 
cytokine involved in the pathology of diabetic retinopathy (DR) 
and genetic variations, particularly in its promoter and UTR regions 
have been known to be associated with DR in various populations. 
However, not much has been studied on the genetic variations in the 
coding region of the gene. Therefore, the purpose of our study was to 
examine the genetic variations in the coding region of VEGF gene to 
detect their association with DR in an Indian population.
Methods: We performed targeted sequencing of the coding region 
of VEGF gene in 45 type 2 diabetes patients without retinopathy 
(diabetic controls - DC) and 55 type 2 diabetes patients with 

retinopathy (DR). We used GeneRead DNAseq Targeted Custom 
Panels V2 (Qiagen) for targeted enrichment followed by sequencing 
on Next Seq500 platform of Illumina. The adapter sequences, low-
quality bases (Q<20) and reads lesser than 50 bp were removed. 
The processed data was aligned to the human reference genome by 
Bowtie2 software, subsequently analyzed by SAMtools for variant 
identification. For variant calling, we considered the minimum read 
depth 10 and allele ratio 80:20.
Results: Demographic and clinical data of the study suggested that 
BMI, duration of diabetes, blood pressure, history of family diabetes 
etc. were non-significantly different between DC and DR groups. 
However, hypertensive patients were significantly higher in DR 
group. Alignment statistics showed average 56% of the targeted 
bases were covered at 10x, indicating low coverage of the target 
region. We observed total eleven variations in different patients 
out of which ten were located in exon1 and were not previously 
reported in the literature. Allowing 20% missing data, we found one 
variation (6:43738814) in one DC patient and other two variations, 
rs541900145 and 6:43738809 in two different DR patients.
Conclusions: Our study indicated that genetic variation in the coding 
region of VEGF gene was not a frequent event. Further, the observed 
genetic variations might not confer risk to develop retinopathy in 
Indian type 2 diabetic patients.
Commercial Relationships: Dhara Jajal, None; 
Abhishek Panchani, None; Kiran Kalia, None

Program Number: 1848 Poster Board Number: B0291
Presentation Time: 11:00 AM–12:45 PM
THE rs4712527 POLYMORPHISM IN THE CDKAL1 GENE, 
AS A PROTECTIVE PREDICTOR OF PROLIFERATIVE 
DIABETIC RETINOPATHY DEVELOPMENT IN TYPE 2 
DIABETIC PATIENTS
Jose D. Luna Pinto1, Pablo Yang2, Aylen Sein1, Laura Gramajo1, 
Emilia Aucar1, Gabriel Marquez1, Claudio P. Juarez1, 
Dante M. Beltramo3, Nestor W. Soria2. 1Ophthalmology, Ctr Privado 
de Ojos Romagosa-Fndtn VER, Mendiolaza, Argentina; 2Cátedra 
de Biotecnología, Facultad de Ciencias Químicas, Universidad 
Católica de Córdoba. Unidad Asociada al CONICET: Área de Cs. 
Agrarias, Ingeniería, Cs. Biológicas., Cordoba, Argentina; 3Centro 
de Excelencia en Productos y Procesos (CEPROCOR) Pabellón 
CEPROCOR, SantaMaría de Punilla, Cordoba, Argentina.
Purpose: To investigate whether the presence of seven 
polymorphisms in six candidate genes is associated with proliferative 
diabetic retinopathy (PDR) in a cohort of Argentinean patients with 
type 2 diabetes mellitus (DM2)
Methods: A total of 231 patients (126 patients with PDR and 
105 patients with DM but without PDR) who were not diagnosed 
with DM2 and assisted at the Romagosa Eye Clinic were studied. 
Anthropometric and ophthalmologic parameters were evaluated. 
Blood glucose levels, HbA1c and lipid profile were measured. It 
was recorded whether they were smokers, type of pharmacological 
treatment received, blood pressure, years of disease duration 
and presence / absence of macular edema. The presence of the 
polymorphisms MTHFR (rs1801133), bFGF (553 T> A), CDKAL1 
(rs4712527), VEGF (rs699947, rs35569394), TCF7L2 (rs7903146) 
and ECA (rs4646994) were analyzed by the PCR-RFLP technique
Results: The presence of the rs4712527 polymorphism of the 
CDKAL1 gene confers a lower risk of developing proliferative 
diabetic retinopathy (OR = 0.34, 95% CI = 0.13-0.87, P = 0.022). 
The polymorphisms MTHFR (rs1801133), bFGF (553 T> A), VEGF 
(rs699947, rs35569394), TCF7L2 (rs7903146) and ECA (rs4646994) 
showed no significant differences.
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Conclusions: The present study shows for the first time the 
association between the presence of the polymorphism G of 
rs4712527 in the CDKAL1 gene as a protective factor in the 
development of proliferative diabetic retinopathy in Argentine 
patients with DM2. The same association with the other 
polymorphisms studied has not been found.

Commercial Relationships: Jose D. Luna Pinto, None; 
Pablo Yang, None; Aylen Sein, None; Laura Gramajo, None; 
Emilia Aucar, None; Gabriel Marquez, None; Claudio P. Juarez, 
None; Dante M. Beltramo, None; Nestor W. Soria, None

Program Number: 1849 Poster Board Number: B0292
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Single human retinal pigment epithelial (hRPE) cell analysis 
under oxidative stress reveals differential expression of pro-
inflammatory and apoptosis related genes
Aram Asatryan, Marie-Audrey I. Kautzmann, Jessica Heap, 
Nicolas G. Bazan. Neuroscience, LSUHSC, New Orleans, LA.
Purpose: Activation of innate immunity in conjunction with photo-
oxidative stress are linked to Age-Related Macular degeneration 
(AMD), that involves RPE and photoreceptor cell death. Previously 
we showed a robust induction of both pro- and anti-apoptotic 
genes by uncompensated oxidative stress (UOS). Single cell gene 
expression assay is a powerful tool to dissect heterogeneous cellular 
populations. The goal of this study was to define apoptosis related 
genes in response to UOS on a single RPE cell to open new avenues 
in research in ophthalmology.
Methods: hRPE cells were grown and maintained in MEM medium 
supplemented with 10% FBS, 5 % NCS, non-essential amino-acids 
and incubated at 37°C with a constant supply of 5% CO2. hRPE 
cells were subjected to UOS (600μM H2O2/10ng/ml TNFα) for four 
hours then dissociated by trypsin were loaded on a medium size C1 
chip (Fluidigm technologies). Briefly: RPE cells were separated 
in automated C1 system which utilizes microfluidics technologies. 
Cells were lysed in micro-chambers and pre-amplified with human 
apoptosis and inflammation panel genes. Pre-amplified samples 
were further transferred into Biomark HD 96x96 chip for a RT-PCR 
amplification. Results were analyzed using Fluidigm Real-Time PCR 
anylysis Software.
Results: As predicted UOS induced the expression of apoptotic and 
pro-inflammatory genes including BIRC3, BIRC5, RELB, IL8 and 
others. PCA analysis showed two distinct clusters of genes between 
treated and control groups. Surprisingly, most RPE cells had two 
distinct populations of cells with varying gene expression. APAF1, 
TRAF5, CASP8, CASP7 and TAB1 show two distinct modes of gene 
expression on violin plots indicating a subpopulation with either high 

expression or low. Addition of UOS shifted the bimodal distribution 
of these genes towards the high end of expression.
Conclusions: Our results indicate that a hRPE cell population 
in culture is diverse with very distinct gene expression profile. 
Moreover, the heterogeneity of cells expressing genes at different 
levels changes with treatment indicating that a portion of cells 
responds to treatment, which suggests that unveiling different sub-
populations in cell cultures is critical. The innovative technology of 
simultaneous measurement of 96 genes on a single cell allows us to 
have a better approach to understanding disease mechanisms.
Commercial Relationships: Aram Asatryan, None; 
Marie-Audrey I. Kautzmann, None; Jessica Heap, None; 
Nicolas G. Bazan, None
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Differential Expression Analysis of Gene and Transcript 
Abundance for Single Cell RNA-Seq Data using STAR and 
HISAT Aligners
Julius Ngwa1, Robert Wojciechowski3, 2, Donald J. Zack2, Terri Beaty3, 
Ingo Ruczinski1. 1Department of Biostatistics, Johns Hopkins 
Bloomberg School of Public Health, Baltimore, MD; 2Wilmer Eye 
Institute, Johns Hopkins University School of Medicine, Baltimore, 
MD; 3Department of Epidemiology, Johns Hopkins Bloomberg 
School of Public Health, Baltimore, MD.
Purpose: Single-cell RNA-Seq is becoming one of the most 
widely used methods for transcription profiling of individual cells. 
Currently there are a number of algorithms available for mapping 
high-throughput RNA-Seq reads against a reference genome, 
and for quantifying the abundance of gene transcripts. Accurate 
characterization of these spliced transcripts is critical in determining 
functionality in normal and disease cells. Our aim is to compare gene/
transcript counts obtained from Hierarchical Indexing for Spliced 
Alignment of Transcript (HISAT2) and Spliced Transcripts Alignment 
to Reference (STAR) algorithms.
Methods: HISAT2 implements a large set of small graph Ferragina-
Manzini (FM) indexes, spanning the whole genome to enable 
rapid and accurate alignment of sequencing reads. STAR aligner 
consists of a seed searching step and a clustering/stitching/scoring 
step, and is capable of mapping full-length RNA sequences. We 
analyzed expression profiles of human and mouse cells from the 
publicly available Gene Expression Omnibus NCBI database 
(Series GSE63473). The data entailed highly parallel genome-wide 
expression profiling from individual cells in mouse retinal tissue 
obtained by separating them into nanoliter-sized aqueous droplets. 
We compared the Digital Gene Expression (DGE) matrix from the 
aligned library, as well per-cell information which indicates the 
number of genes and transcripts observed.
Results: Some large differences were found in the number of 
transcripts between STAR and HISAT2 aligners. In particular, the 
gene counts tended to be higher using HISAT2 compared to STAR. 
DGE matrices obtained from these aligners showed larger differences 
in mouse cells compared to human cells.
Conclusions: STAR and HISAT2 aligners provide information on the 
number of reads that map to a particular genomic position, but lack 
information about which of the overlapping transcripts they originate 
from. With the presence of ambiguous reads, uncertainties in counts 
can result in false differential expression calls of transcripts with 
similar isoforms within the same gene. Resolving potential fragment 
assignment ambiguity may be an essential issue to address in  
RNA-Seq data.
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Commercial Relationships: Julius Ngwa, None; 
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None; Ingo Ruczinski, None
Support: NIH Grant T32EY022303
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New evidence for enrichment of metabolic, signaling, and 
inflammatory pathways in age-related macular degeneration
Andrea R. Waksmunski1, Jessica Cooke Bailey2,  
Margaret A. Pericak-Vance3, William K. Scott3, Jonathan L. Haines2, 4. 
1Department of Genetics and Genome Sciences, Case Western 
Reserve University, Cleveland, OH; 2Department of Epidemiology 
and Biostatistics, Case Western Reserve University, Cleveland, OH; 
3Hussman Institute for Human Genomics, University of Miami, 
Miami, FL; 4Institute for Computational Biology, Case Western 
Reserve University, Cleveland, OH.
Purpose: The disease etiology of age-related macular degeneration 
(AMD) is largely unknown. We aimed to identify biological 
pathways, gene and protein interactions, protein families, and 
regulatory regions consistently enriched for genetic variations 
nominally associated with AMD.
Methods: We performed pathway analysis using the Pathway 
Analysis by Randomization Incorporating Structure (PARIS, V2.4) 
software tool on 445,115 common and rare variants genotyped as a 
part of the International AMD Genomics Consortium (IAMDGC). 
The samples used to generate these data were from 16,144 advanced 
AMD cases and 17,832 controls. PARIS groups variants into 
features based on linkage disequilibrium and assigns significance 
to a pathway based on permutations of the genome. We performed 
10,000 permutations. A feature was considered significant if it 
contained at least one variant with p-value<0.05. To acquire a more 
comprehensive understanding of which curated biological and 
genomic entities contribute to AMD risk, we performed PARIS using 
multiple biological function databases including KEGG, Reactome, 
GO, NetPath, BioGRID, MINT, Pfam, and ORegAnno. Entities with 
p-value<0.0001 were prioritized for further investigation.
Results: Preliminary results confirmed several pathways previously 
implicated in AMD, including the complement cascade, Wnt 
signaling, and inflammation pathways. Genes previously implicated 
in the pathogenesis of AMD, such as SYN3, were consistently 
enriched for significant interactions and regulatory regions identified 
by PARIS. Preliminary results also showed that 2 genes, PLCG2 and 
CYP1A1, had significant signals across multiple immune, metabolic, 
and signaling pathways among the NetPath, KEGG, and Reactome 
databases. These anchor genes nominate multiple biological pathways 
and processes in the etiology of AMD.
Conclusions: Variants potentially associated with AMD were 
enriched in multiple metabolic, signaling, and inflammatory 
pathways. Further examination is underway to identify the “driver” 
genes among these phenomena and determine how they may be 
contributing to AMD pathophysiology. This analysis highlights 
how the combination of genome-wide genotyping and statistical 
pathway analysis incorporating in silico functional data can be used 
to elucidate the genetic architecture of complex ocular diseases like 
AMD.
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Identification of a macaque model of neuronal ceroid 
lipofuscinosis
Martha Neuringer1, 2, Lauren Renner1, Trevor J. McGill2, 1, 
Jonathan Stoddard1, Mark E. Pennesi2, Lois Colgin1, 
Rebecca Ducore1, Robert Zweig1, Ian Tagge1, Samuel Peterson1, 
Anne Lewis1, Betsy Ferguson1. 1Oregon National Primate Research 
Center, Oregon Health & Science University, Beaverton, OR; 2Casey 
Eye Institute, Portland, OR.
Purpose: To characterize the retinal degeneration associated with 
neuronal ceroid lipofuscinosis (NCL) in a newly-identified, naturally-
occurring model in Japanese macaques (Macaca fuscata).
Methods: Cases were identified by neurological observations, 
structural brain MRI, and histopathology of brain and retina. 
Exon sequencing of DNA from affected, obligate carriers and 
unaffected/unrelated individuals was used to identify the underlying 
genetic mutation. One living case was evaluated by color fundus 
photography, fluorescein angiography, sdOCT, quantitative fundus 
autofluorescence and multifocal electroretinography (mfERG). 
Findings were compared to age-matched controls.
Results: Five affected monkeys presented at 4 - 5 years of age 
(equivalent to 12-15 human years) with neurological signs including 
loss of coordination, ataxia, hypermetria, intention tremors and 
impaired vision. T1-weighted MRI scans showed cerebral atrophy, 
with most severe loss in cerebellum. Histopathology documented 
astrocytosis, microgliosis and enlarged hyper-autofluorescent 
lysosomal storage compartments in both brain and retina, and 
osmophilic intracytoplasmic deposits were seen by electron 
microscopy. Retinal sections were hyper-autofluorescent throughout, 
with highest levels observed in the photoreceptor inner segments. 
Genetic sequencing confirmed a single base pair deletion in the 
CLN7/MFSD8 gene. By in vivo OCT imaging, retinal thickness in the 
macula measured was reduced by 12% at 3 years of age and 18% at 
4 years compared to age-matched unaffected controls. Quantitative 
fundus autofluorescence was increased by 80% and 170% above 
controls at 3 and 4 years, respectively. The mfERG was severely 
reduced in amplitude throughout the central 30° but showed foveal 
sparing.
Conclusions: We identified a naturally-occurring model of NCL in 
Japanese macaques due to a point mutation in the CLN7/MFSD8 
gene. Consistent with human NCL, the syndrome is characterized 
by neurological and structural brain abnormalities, significant retinal 
pathology and loss of retinal function. Genetic screening of all colony 
members is underway to identify additional affected individuals 
and carriers, and a breeding group is being established. This model 
provides an opportunity for characterizing disease pathophysiology 
and for preclinical testing of therapies for this disabling and fatal 
disease.
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Characterization and Genetic Analysis of Cynomolgus Monkeys 
with Hereditary Macular Drusen
Akiko Suga1, Mao Nakayama1, Zai-Long Chi4, Atsushi Mizota2, 
Nobuhiro Shimozawa3, kazutoshi yoshitake1, Takeshi Iwata1. 1National 
Institute of Sensory Organs, National Hospital Organization, Tokyo, 
Japan; 2Department of Ophthalmology, Teikyo University School of 
Medicine, Tokyo, Japan; 3Tsukuba Primate Research Center, National 
Institute of Biomedical Innovation, Tsukuba, Japan; 4Laboratory 
of Neurovascular Biology, The Eye Hospital of Wenzhou Medical 
University, Wenzhou, China.
Purpose: Macular drusen are thought as a hallmark of early 
phase of age-related macular degeneration, but the mechanisms of 
extracellular debris accumulation between retinal pigment epithelium 
(RPE) and Bruch′s membrane is not clearly understood. We have 
previously reported a cynomolgus monkey pedigree with early-onset 
drusen accumulation (Umeda et al., IOVS 2005, Umeda et al., J 
FASEB 2005). To characterize the pathology and causal genes for this 
inherited symptom, cellular and genetic analyses were performed.
Methods: A Cynomolgus monkey (Macaca fascicularis) pedigree 
with early-onset macular drusen was used for pathological and 
genetic studies. Primary monkey retinal pigment epithelial (RPE) 
cells were examined for phagocytotic activity, tight junction 
formation, and autophagic activities. Whole exome sequencing 
(WES) of 13 affected and 9 normal monkeys from the pedigree was 
performed. Additionally, whole genome sequencing (WGS) was 
performed on 4 affected and 3 normal monkeys. The sequencing 
reads were mapped to the Rhesus monkey genome sequence 
(rheMac2), and analyzed for the structural variations and studied by 
linkage analyses.

Results: RPE cells from drusen-affected monkeys showed lower 
phagocytotic activity. Two linkage analysis methods (MERLIN, 
Superlink-Online SNP) showed 15kb region with relatively high 
LOD score of 2.5 and 2.9, respectively in the chromosome 1. In this 
region, variations in 13 genes were co-segregated with the affected 
monkeys. We further filtered to 3 candidate genes based on the 
information of predicted damaging effect and protein function.
Conclusions: RPE cells from drusen monkeys were consistent with 
lower phagocytotic activity. Our genetic analysis suggested that 
a 15kb region in the chromosome 1 was related to the early-onset 
drusen phenotype of a cynomolgus monkey pedigree. Functional 
analysis of the 3 candidate genes will be discussed.
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